
JMIR Human Factors

Impact Factor (2022): 2.7
Volume 9 (2022), Issue 1    ISSN 2292-9495    Editor in Chief:  Andre Kushniruk, BA, MSc, PhD, FACMI

Contents

Original Papers

A Novel Method for Digital Pain Assessment Using Abstract Animations: Human-Centered Design Approach
(e27689)
Nema Rao, Sophy Perdomo, Charles Jonassaint. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

Web-Based Structured Education for Type 2 Diabetes: Interdisciplinary User-Centered Design Approach
(e31567)
Shoba Poduval, Jamie Ross, Kingshuk Pal, Nikki Newhouse, Fiona Hamilton, Elizabeth Murray. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

Developing a User-Centered Digital Clinical Decision Support App for Evidence-Based Medication
Recommendations for Type 2 Diabetes Mellitus: Prototype User Testing and Validation Study (e33470)
Kevin Larsen, Bilikis Akindele, Henry Head, Rick Evans, Purvi Mehta, Quinn Hlatky, Brendan Krause, Sydney Chen, Dominic King. . . . . . . . . . . . . . 39

Improving Pelvic Floor Muscle Training Adherence Among Pregnant Women: Validation Study (e30989)
Aida Jaffar, Sherina Mohd-Sidik, Chai Foo, Novia Admodisastro, Sobihatun Abdul Salam, Noor Ismail. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

A Remote Patient-Monitoring System for Intensive Care Medicine: Mixed Methods Human-Centered Design
and Usability Evaluation (e30655)
Akira-Sebastian Poncette, Lina Mosch, Lars Stablo, Claudia Spies, Monique Schieler, Steffen Weber-Carstens, Markus Feufel, Felix Balzer. . 
7 1

Development of a Digital Support Application With Evidence-Based Content for Sustainable Return to Work
for Persons With Chronic Pain and Their Employers: User-Centered Agile Design Approach (e33571)
Christina Turesson, Gunilla Liedberg, Mathilda Björk. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85

User Engagement and Assessment of Treatment Effectiveness in Patients Using a Novel Digital mHealth
App During Spinal Cord Stimulation Screening Trials (e35134)
Jennifer Lee, Rex Woon, Mandy Ramsum, Daniel Halperin, Roshini Jain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104

User Experience, Engagement, and Popularity in Mental Health Apps: Secondary Analysis of App Analytics
and Expert App Reviews (e30766)
Benjamin Kaveladze, Akash Wasil, John Bunyi, Veronica Ramirez, Stephen Schueller. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112

Usage and Usability of a National e-Library for Chemotherapy Regimens: Mixed Methods Study (e33651)
AnnSofie Fyhr, Johanna Persson, Åsa Ek. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189

JMIR Human Factors 2022 | vol. 9 | iss. 1 | p.1

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Usability of Wearable Multiparameter Technology to Continuously Monitor Free-Living Vital Signs in People
Living With Chronic Obstructive Pulmonary Disease: Prospective Observational Study (e30091)
Grace Hawthorne, Neil Greening, Dale Esliger, Samuel Briggs-Price, Matthew Richardson, Emma Chaplin, Lisa Clinch, Michael Steiner, Sally
Singh, Mark Orme. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 197

User Perceptions of Different Vital Signs Monitor Modalities During High-Fidelity Simulation: Semiquantitative
Analysis (e34677)
Samira Akbas, Sadiq Said, Tadzio Roche, Christoph Nöthiger, Donat Spahn, David Tscholl, Lisa Bergauer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 209

Clinician Perspectives on Unmet Needs for Mobile Technology Among Hospitalists: Workflow Analysis
Based on Semistructured Interviews (e28783)
April Savoy, Jason Saleem, Barry Barker, Himalaya Patel, Areeba Kara. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 221

Electronic Records With Tablets at the Point of Care in an Internal Medicine Unit: Before-After Time Motion
Study (e30512)
Montserrat Pérez-Martí, Lina Casadó-Marín, Abraham Guillén-Villar. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 231

Effects of Behavioral Economics–Based Messaging on Appointment Scheduling Through Patient Portals
and Appointment Completion: Observational Study (e34090)
Su-Ying Liang, Cheryl Stults, Veena Jones, Qiwen Huang, Jeremy Sutton, Guy Tennyson, Albert Chan. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 242

Personas for Better Targeted eHealth Technologies: User-Centered Design Approach (e24172)
Iris ten Klooster, Jobke Wentzel, Floor Sieverink, Gerard Linssen, Robin Wesselink, Lisette van Gemert-Pijnen. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 254

Development and Usability of a Text Messaging Program for Women With Gestational Diabetes: Mixed
Methods Study (e32815)
Rachel Blair, Christine Horn, Jennifer Dias, Marie McDonnell, Ellen Seely. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 267

User-Centered Design to Enhance mHealth Systems for Individuals With Dexterity Impairments: Accessibility
and Usability Study (e23794)
Kuntal Chowdhary, Daihua Yu, Gede Pramana, Matthew Mesoros, Andrea Fairman, Brad Dicianno, Bambang Parmanto. . . . . . . . . . . . . . . . . . . . . 278

Usability Testing and Technology Acceptance of an mHealth App at the Point of Care During Simulated
Pediatric In- and Out-of-Hospital Cardiopulmonary Resuscitations: Study Nested Within 2 Multicenter
Randomized Controlled Trials (e35399)
Johan Siebert, Laëtitia Gosetto, Manon Sauvage, Laurie Bloudeau, Laurent Suppan, Frédérique Rodieux, Kevin Haddad, Florence Hugon, Alain
Gervaix, Christian Lovis, Christophe Combescure, Sergio Manzano, Frederic Ehrler, PedAMINES Trial Group, PedAMINES Prehospital Group. 
2 9 5

REDCap Delivery of a Web-Based Intervention for Patients With Voice Disorders: Usability Study (e26461)
Danielle Stambler, Erin Feddema, Olivia Riggins, Kari Campeau, Lee-Ann Breuch, Molly Kessler, Stephanie Misono. . . . . . . . . . . . . . . . . . . . . . . . 313

Designing a Novel Clinician Decision Support Tool for the Management of Acute Diarrhea in Bangladesh:
Formative Qualitative Study (e33325)
Rochelle Rosen, Stephanie Garbern, Monique Gainey, Ryan Lantini, Sabiha Nasrin, Eric Nelson, Nour Elshabassi, Nur Alam, Sufia Sultana,
Tahmida Hasnin, Kexin Qu, Christopher Schmid, Adam Levine. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 327

Key Challenges and Opportunities for Cloud Technology in Health Care: Semistructured Interview Study
(e31246)
Kathrin Cresswell, Andrés Domínguez Hernández, Robin Williams, Aziz Sheikh. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 342

Implementation of E-prescription for Multidose Dispensed Drugs: Qualitative Study of General Practitioners’
Experiences (e27431)
Monika Gullslett, Trine Strand Bergmo. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 353

JMIR Human Factors 2022 | vol. 9 | iss. 1 | p.2

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Identifying Ethical and Culturally Responsive Research Activities to Build Trust and Improve Participation
of Black Sexual Minority Men in Pre-Exposure Prophylaxis Telehealth Clinical Trials: Qualitative Study
(e28798)
Derek Dangerfield II, Charleen Wylie. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 363

Applications and User Perceptions of Smart Glasses in Emergency Medical Services: Semistructured
Interview Study (e30883)
Zhan Zhang, Karen Joy, Richard Harris, Mustafa Ozkaynak, Kathleen Adelgais, Kevin Munjal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 374

Supporting Management of Noncommunicable Diseases With Mobile Health (mHealth) Apps: Experimental
Study (e28697)
Neta Kela, Eleanor Eytam, Adi Katz. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 387

Designing Digital Health Technology to Support Patients Before and After Bariatric Surgery: Qualitative
Study Exploring Patient Desires, Suggestions, and Reflections to Support Lifestyle Behavior Change
(e29782)
Anna Robinson, Andrew Husband, Robert Slight, Sarah Slight. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 400

Mobile Health to Support Community-Integration of Individuals With Disabilities Using iMHere 2.0: Focus
Group Study (e31376)
Rebecca Ward, I Setiawan, Eleanor Quinby, Melva Fair, Zara Ambadar, Bambang Parmanto, Brad Dicianno. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 414

Lessons for Uptake and Engagement of a Smartphone App (SURE Recovery) for People in Recovery
From Alcohol and Other Drug Problems: Interview Study of App Users (e33038)
Joanne Neale, Alice Bowen. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 431

Suitability of the Unified Theory of Acceptance and Use of Technology 2 Model for Predicting mHealth
Acceptance Using Diabetes as an Example: Qualitative Methods Triangulation Study (e34918)
Patrik Schretzlmaier, Achim Hecker, Elske Ammenwerth. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 445

Patients’ Experiences of Using a Smartphone App After Cardiac Rehabilitation: Qualitative Study (e34294)
Pernille Lunde, Asta Bye, Kari Bruusgaard, Elisabet Hellem, Birgitta Nilsson. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 462

Designing Formulae for Ranking Search Results: Mixed Methods Evaluation Study (e30258)
Laura Douze, Sylvia Pelayo, Nassir Messaadi, Julien Grosjean, Gaétan Kerdelhué, Romaric Marcilly. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 472

Comparing International Experiences With Electronic Health Records Among Emergency Medicine
Physicians in the United States and Norway: Semistructured Interview Study (e28762)
Gracie Garcia, Christopher Crenner. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 486

Uses of Personal Health Records for Communication Among Colorectal Cancer Survivors, Caregivers,
and Providers: Interview and Observational Study in a Human-Computer Interaction Laboratory (e16447)
David Haggstrom, Thomas Carr. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 500

An Information Directory App InHouse Call for Streamlining Communication to Optimize Efficiency and
Patient Care in a Hospital: Pilot Mixed Methods Design and Utility Study (e23833)
George Schilling, Leonardo Villarosa. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 511

Enriching the Value of Patient Experience Feedback:Web-Based Dashboard Development Using Co-design
and Heuristic Evaluation (e27887)
Mustafa Khanbhai, Joshua Symons, Kelsey Flott, Stephanie Harrison-White, Jamie Spofforth, Robert Klaber, David Manton, Ara Darzi, Erik
Mayer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 523

JMIR Human Factors 2022 | vol. 9 | iss. 1 | p.3

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


User-Centered Development and Testing of the Online Patient-Reported Outcomes, Burdens, and
Experiences (PROBE) Survey and the myPROBE App and Integration With the Canadian Bleeding Disorder
Registry: Mixed Methods Study (e30797)
Federico Germini, Victoria Borg Debono, David Page, Victoria Zuk, Alexandra Kucher, Chris Cotoi, Nicholas Hobson, Michael Sevestre, Mark
Skinner, Alfonso Iorio, PROBE Investigators. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 537

Concept Libraries for Repeatable and Reusable Research: Qualitative Study Exploring the Needs of Users
(e31021)
Zahra Almowil, Shang-Ming Zhou, Sinead Brophy, Jodie Croxall. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 549

Acceptance of the Use of Artificial Intelligence in Medicine Among Japan’s Doctors and the Public: A
Questionnaire Survey (e24680)
Honoka Tamori, Hiroko Yamashina, Masami Mukai, Yasuhiro Morii, Teppei Suzuki, Katsuhiko Ogasawara. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 565

Barriers to and Facilitators for Acceptance of Comprehensive Clinical Decision Support System–Driven
Care Maps for Patients With Thoracic Trauma: Interview Study Among Health Care Providers and Nurses
(e29019)
Emma Jones, Alyssa Banks, Genevieve Melton, Carolyn Porta, Christopher Tignanelli. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 575

A Patient Outcomes–Driven Feedback Platform for Emergency Medicine Clinicians: Human-Centered
Design and Usability Evaluation of Linking Outcomes Of Patients (LOOP) (e30130)
Alexandra Strauss, Cameron Morgan, Christopher El Khuri, Becky Slogeris, Aria Smith, Eili Klein, Matt Toerper, Anthony DeAngelo, Arnaud
Debraine, Susan Peterson, Ayse Gurses, Scott Levin, Jeremiah Hinson. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 587

Combining Farmers’ Preferences With Evidence-Based Strategies to Prevent and Lower Farmers’ Distress:
Co-design and Acceptability Testing of ifarmwell (e27631)
Kate Gunn, Gemma Skaczkowski, James Dollman, Andrew Vincent, Camille Short, Susan Brumby, Alison Barrett, Nathan Harrison, Deborah
Turnbull. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 602

Educators' Perspectives on Integrating Technology Into Sexual Health Education: Implementation Study
(e31381)
Martha Decker, Salish Harrison, Melisa Price, Abigail Gutmann-Gonzalez, Jennifer Yarger, Rachel Tenney. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 625

Adoption of the Website and Mobile App of a Preventive Health Program Across Neighborhoods With
Different Socioeconomic Conditions in the Netherlands: Longitudinal Study (e32112)
Elena Agachi, Tammo Bijmolt, Jochen Mierau, Koert van Ittersum. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 635

Developing an Educational Website for Women With Endometriosis-Associated Dyspareunia: Usability
and Stigma Analysis (e31317)
Abdul-Fatawu Abdulai, A Howard, Paul Yong, Heather Noga, Gurkiran Parmar, Leanne Currie. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 646

Using Health Concept Surveying to Elicit Usable Evidence: Case Studies of a Novel Evaluation Methodology
(e30474)
Alex Mariakakis, Ravi Karkar, Shwetak Patel, Julie Kientz, James Fogarty, Sean Munson. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 660

Purpose Formulation, Coalition Building, and Evidence Use in Public–Academic Partnerships:Web-Based
Survey Study (e29288)
Christina Kang-Yi, Amy Page. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 681

Iterative Development and Applicability of a Tablet-Based e-Coach for Older Adults in Rehabilitation Units
to Improve Nutrition and Physical Activity: Usability Study (e31823)
Lisa Happe, Marie Sgraja, Andreas Hein, Rebecca Diekmann. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 700

JMIR Human Factors 2022 | vol. 9 | iss. 1 | p.4

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


An Interactive Voice Response System to Increase Physical Activity and Prevent Cancer in the Rural
Alabama Black Belt: Design and Usability Study (e29494)
Mohanraj Thirumalai, Nashira Brown, Soumya Niranjan, Sh'Nese Townsend, Mary Powell, Whitney Neal, Erica Schleicher, Venkatadri Raparla,
Robert Oster, Wendy Demark-Wahnefried, Dori Pekmezi. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 716

Multisensory Home-Monitoring in Individuals With Stable Chronic Obstructive Pulmonary Disease and
Asthma: Usability Study of the CAir-Desk (e31448)
Dario Kohlbrenner, Christian Clarenbach, Adam Ivankay, Lukas Zimmerli, Christoph Gross, Manuel Kuhn, Thomas Brunschwiler. . . . . . . . . . . . . . . 728

Understanding Patients’ Intention to Use Digital Health Apps That Support Postdischarge Symptom
Monitoring by Providers Among Patients With Acute Coronary Syndrome: Survey Study (e34452)
Jinying Chen, Jessica Wijesundara, Gabrielle Enyim, Lisa Lombardini, Ben Gerber, Thomas Houston, Rajani Sadasivam. . . . . . . . . . . . . . . . . . . . . 740

The Acceptability of Virtual Characters as Social Skills Trainers: Usability Study (e35358)
Hiroki Tanaka, Satoshi Nakamura. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 753

Trends in Remote Health Care Consumption in Sweden: Comparison Before and During the First Wave
of the COVID-19 Pandemic (e33034)
Veronica Milos Nymberg, Lina Ellegård, Gustav Kjellsson, Moa Wolff, Beata Borgström Bolmsjö, Thorne Wallman, Susanna Calling. . . . . . . . . . . . . 766

Evaluating Voice Assistants' Responses to COVID-19 Vaccination in Portuguese: Quality Assessment
(e34674)
Carlos Seródio Figueiredo, Tiago de Melo, Raphaela Goes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 777

A Virtual Coach (Motibot) for Supporting Healthy Coping Strategies Among Adults With Diabetes:
Proof-of-Concept Study (e32211)
Giulia Bassi, Claudio Giuliano, Alessio Perinelli, Stefano Forti, Silvia Gabrielli, Silvia Salcuni. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 785

Web-Based Tool (FH Family Share) to Increase Uptake of Cascade Testing for Familial
Hypercholesterolemia: Development and Evaluation (e32568)
Hana Bangash, Ahmed Makkawy, Justin Gundelach, Alexandra Miller, Kimberly Jacobson, Iftikhar Kullo. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 804

The Effects of Introducing a Mobile App–Based Procedural Logbook on Trainee Compliance to a Central
Venous Catheter Insertion Accreditation Program: Before-and-After Study (e35199)
Robert Tamblyn, Jorge Brieva, Madeleine Cain, F Martinez. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 817

Understanding Cardiology Practitioners’ Interpretations of Electrocardiograms: An Eye-Tracking Study
(e34058)
Mohammed Tahri Sqalli, Dena Al-Thani, Mohamed Elshazly, Mohammed Al-Hijji, Alaa Alahmadi, Yahya Sqalli Houssaini. . . . . . . . . . . . . . . . . . . . . 827

User-Centered Design of A Novel Risk Prediction Behavior Change Tool Augmented With an Artificial
Intelligence Engine (MyDiabetesIQ): A Sociotechnical Systems Approach (e29973)
Cathy Shields, Scott Cunningham, Deborah Wake, Evridiki Fioratou, Doogie Brodie, Sam Philip, Nicholas Conway. . . . . . . . . . . . . . . . . . . . . . . . . . 837

Patients’ and Providers’ Perspectives on and Needs of Telemonitoring to Support Clinical Management
and Self-care of People at High Risk for Preeclampsia: Qualitative Study (e32545)
Maria Aquino, Janessa Griffith, Tessy Vattaparambil, Sarah Munce, Michelle Hladunewich, Emily Seto. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 850

The Use of Telehealth for Psychological Counselling of Vulnerable Adult Patients With Rheumatic Diseases
or Diabetes: Explorative Study Inspired by Participatory Design (e30829)
Mette Rothmann, Julie Mouritsen, Nanna Ladefoged, Marie Jeppesen, Anna Lillevang, Helle Laustrup, Torkell Ellingsen. . . . . . . . . . . . . . . . . . . . . . 872

JMIR Human Factors 2022 | vol. 9 | iss. 1 | p.5

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Reviews

Boundary Objects as Dialogical Learning Accelerators for Social Change in Design for Health: Systematic
Review (e31167)
Gijs Terlouw, Derek Kuipers, Lars Veldmeijer, Job van 't Veer, Jelle Prins, Jean-Pierre Pierie. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123

Status of Compassionate, Respectful, and Caring Health Service Delivery: Scoping Review (e30804)
Adane Nigusie, Berhanu Endehabtu, Dessie Angaw, Alemayehu Teklu, Zeleke Mekonnen, Marta Feletto, Abraham Assan, Assegid Samuel, Kabir
Sheikh, Binyam Tilahun. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139

Factors Associated With Willingness to Share Health Information: Rapid Review (e20702)
Iffat Naeem, Hude Quan, Shaminder Singh, Nashit Chowdhury, Mohammad Chowdhury, Vineet Saini, Turin TC. . . . . . . . . . . . . . . . . . . . . . . . . . . . 151

Coaching to Support Mental Health Apps: Exploratory Narrative Review (e28301)
Ashley Meyer, Hannah Wisniewski, John Torous. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169

Human Factors and Technological Characteristics Influencing the Interaction of Medical Professionals With
Artificial Intelligence–Enabled Clinical Decision Support Systems: Literature Review (e28639)
Michael Knop, Sebastian Weber, Marius Mueller, Bjoern Niehaves. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177

Opportunities and Challenges for Professionals in Psychiatry and Mental Health Care Using Digital
Technologies During the COVID-19 Pandemic: Systematic Review (e30359)
Hélène Kane, Jade Gourret Baumgart, Wissam El-Hage, Jocelyn Deloyer, Christine Maes, Marie-Clotilde Lebas, Donatella Marazziti, Johannes
Thome, Laurence Fond-Harmant, Frédéric Denis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 859

Letter to the Editor

Ensuring Interrater Reliability When Evaluating Voice Assistants. Comment on “Evaluating Voice Assistants’
Responses to COVID-19 Vaccination in Portuguese: Quality Assessment” (e36610)
Rujittika Mungmunpuntipantip, Viroj Wiwanitkit. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 764

JMIR Human Factors 2022 | vol. 9 | iss. 1 | p.6

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

A Novel Method for Digital Pain Assessment Using Abstract
Animations: Human-Centered Design Approach

Nema Rao1, MDes; Sophy Perdomo2, MS, PhD; Charles Jonassaint2, MHS, PhD
1Microsoft Inc, SharePoint Spaces, Seattle, WA, United States
2Center for Behavioral Health and Smart Technology, Department of Medicine, University of Pittsburgh, Pittsburgh, PA, United States

Corresponding Author:
Charles Jonassaint, MHS, PhD
Center for Behavioral Health and Smart Technology
Department of Medicine
University of Pittsburgh
230 McKee Pl Suite 600
Pittsburgh, PA, 15213
United States
Phone: 1 4125869850
Email: cjonassaint@pitt.edu

Abstract

Background: Patients with chronic pain face several challenges in using clinical tools to help them monitor, understand, and
make meaningful decisions about their pain conditions. Our group previously presented data on Painimation, a novel electronic
tool for communicating and assessing pain.

Objective: This paper describes the human-centered design and development approach (inspiration, ideation, and implementation)
that led to the creation of Painimation.

Methods: We planned an iterative and cyclical development process that included stakeholder engagement and feedback from
users. Stakeholders included patients with acute and chronic pain, health care providers, and design students. Target users were
adults with acute or chronic pain who needed clinical assessment and tracking of the course of their pain over time. Phase I
(inspiration) consisted of empathizing with users, understanding how patients experience pain, and identifying the barriers to
accurately expressing and assessing pain. This phase involved understanding how patients communicate pain symptoms to
providers, as well as defining limitations of current models of clinical pain assessment tools. In Phase II (ideate) we conceptualized
and evaluated different approaches to expressing and assessing pain. The most promising concept was developed through an
iterative process that involved end users and stakeholders. In Phase III (implementation), based on stakeholder feedback from
initial designs and prototypes of abstract pain animations (painimations), we incorporated all concepts to test a minimally viable
product, a fully functioning pain assessment app. We then gathered feedback through an agile development process and applied
this feedback to finalizing a testable version of the app that could ultimately be used in a pain clinic.

Results: Engaging intended users and stakeholders in an iterative, human-centered design process identified 5 criteria that a
pain assessment tool would need to meet to be effective in the medical setting. These criteria were used as guiding design principles
to generate a series of pain assessment concept ideas. This human-centered approach generated 8 highly visual painimations that
were found to be acceptable and useable for communicating pain with medical providers, by both patients with general pain and
patients with sickle cell disease (SCD). While these initial steps continued refinement of the tool, further data are needed. Agile
development will allow us to continue to incorporate precision medicine tools that are validated in the clinical research arena.

Conclusions: A multiphase, human-centered design approach successfully resulted in the development of an innovation that
has potential to improve the quality of medical care, particularly for underserved populations. The use of Painimation may
especially benefit the medical care of minority populations with chronic and difficult-to-treat pain, such as adults with SCD. The
insights generated from this study can be applied to the development of patient-reported outcomes tools that are more
patient-centered, engaging, and effective.

(JMIR Hum Factors 2022;9(1):e27689)   doi:10.2196/27689
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Introduction

Background
Pain is the number one reason people access the health care
system. The Centers for Disease Control and Prevention (CDC)
reported that in 2019, approximately 20.4% of US adults had
chronic pain, and 7.4% had high-impact, chronic pain. Similar
statistics have been reported in Canada (18.9%) and Australia
(17.9%), whereas in the United Kingdom the numbers are much
higher (35%-51.3%) [1-4]. The cost of medical treatment and
lost productivity due to pain exceeds US $635 billion each year
in the United States, more than the cost of treating
cardiovascular disease, cancer, or diabetes [5]. Chronic pain
also significantly affects an individual’s quality of life,
negatively impacting their ability to engage in day-to-day
activities, and increasing risk for depression, anxiety, and opioid
dependence [6,7].

Despite the significant impact of pain on population health
outcomes, pain remains inadequately assessed in the health care
setting [8]. Pain is a complex sensory and emotional experience
that is often difficult to communicate [9]. Unidimensional pain
measures, such as the numeric or visual analog pain scale,
reduce the complex, multifaceted nature of the pain experience
to a single number between 0 and 10 [10]. This
oversimplification not only results in poor assessment of
potential physiological mechanisms but also ignores the complex
roles the patient’s thoughts and mood play in the patient’s pain
experience [8].

In some subspecialty medical clinics, multidimensional measures
are used, such as the McGill Pain Questionnaire [11], that
attempt to take into account other facets of pain beyond
intensity, such as pain location, quality, and affective response.
However, these measures are often overly complex and rely on
long lists of adjectives or esoteric phrases to describe pain that
may alienate individuals with low literacy, individuals with
dementia or other cognitive limitations, non-native English
speakers, and many others with communication limitations
[12,13]. With the current state of clinical pain assessment, even
individuals without language limitations can have their needs
misinterpreted, their symptoms ignored, or their credibility
challenged [14]. Ineffective communication about pain may
result in patient–clinician discordance, leading clinicians to
intervene on poorly described and ill-defined targets, and
patients to feel misunderstood and lose trust in their provider
[15,16]. The inadequacy of pain assessment tools compromises
medical providers’ ability to deliver quality care and improve
clinical outcomes for their patients [10,17,18].

Painimation
To address the limitations of standard pain assessment, we used
human-centered design methods to discover, design, and develop
a novel method for assessing pain that leverages digital
animations that we call painimations [19]. In this work, we
hypothesized that an animation-based pain assessment tool

would be more acceptable to patients with pain than traditional
numerical and adjective-based pain assessments. Our work is
particularly timely, given the recent promising evidence
suggesting that digital health interventions are feasible,
acceptable, and efficacious in a range of chronic medical
conditions [20-25].

Our prior publication presented data comparing participants’
selection of painimations with their scores on validated,
traditional pain scales that rely on pain adjectives and numerical
scales [17]. This paper describes our process of using
human-centered design to understand how patients experience
and express their pain, how clinicians assess and diagnose pain,
and how leveraging these observations led to the creation of a
novel method for pain assessment: Painimation.

Our approach incorporated human-centered design principles,
qualitative methods, and stakeholder engagement, and consisted
of 3 distinct phases: the inspiration phase, the ideation phase,
and the implementation phase [26,27]. After detailing the
discovery and development process for a novel, animation-based
pain assessment approach, we present initial user testing of the
painimations, or abstract animations that can be visually
configured to reflect pain quality, pattern, and intensity, as well
as the overall Painimation prototype. Finally, we describe future
directions for the use of Painimation and discuss how this digital
animation approach has the potential to significantly improve
medical assessment and treatment of acute and chronic pain.

Methods

Setting
The human-centered design process that resulted in the
development of a Painimation prototype took place from January
2015 to May 2016. Key stakeholders were recruited from the
Pittsburgh, Pennsylvania, metropolitan area and included
patients with acute and chronic pain, clinicians, clinical
researchers, and design students. All participants were 18 years
of age or older. This project was approved by the University of
Pittsburgh’s and Carnegie Mellon University’s Institutional
Review Boards.

Phase I: Inspiration (Empathize, Understand, and
Define)

Overview
Human-centered design is inherently an empathic process that
attempts to set aside the investigators’or designers’assumptions
about the world and gain insight into their users’ lived
experience, perspectives, pain points, and needs [26]. The goal
of Phase I was to empathize with the target user and understand
how pain is experienced and communicated. The next step was
to define the most prominent barriers to effective
patient–provider communication, assessment, and treatment of
pain in the health care setting. To accomplish this, we conducted
one-on-one, in-depth, in-person interviews with patients with
acute and chronic pain, clinicians, and researchers (Table 1).
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Table 1. Questions from interviews using directed storytelling and modified think-aloud protocol.

Clinician and clinical researcherUser and stakeholder

The pain assessment protocol I follow is BRIEF OVERVIEWA successful experience I’ve had with a clinician around my pain assess-
ment and management was SHORT STORY

Pain assessment is part of every interaction I have with a patient YES/NOI describe the pain communication between myself and my clinician as
ADJECTIVE

I use the following tools LIST/DESCRIBEI summarize my clinician’s understanding of and assessment of my pain
as ADJECTIVE

I document in the following way ADJECTIVEI describe my communication ability as ADJECTIVE

(Numeric) pain scales are an effective/ineffective CHOOSE tool because
REASON

I have been asked to rate my pain intensity on a scale like this YES/NO

The experience of using the scale was ADJECTIVE

During that interaction, I communicated the pain intensity that I felt
YES/NO

User and Stakeholder Interviews
Interviews were conducted using directed storytelling [28], a
design ethnography method, which allowed patients with a wide
range of pain experiences to be interviewed, and yielded
information about the contexts in which they had experienced
pain as well as descriptions of successful and unsuccessful
interactions with their clinicians.

The next part of the patient interviews consisted of a modified
version of the think-aloud protocol [29], a method during which
participants verbalize their thought process while doing specific
tasks. The aim of this portion of the interview was to understand
how patients think through 2 current pain scales: the
Wong–Baker faces scale and the Numeric Rating Scale [18,30].
Additionally, patients were given a recall interview prompt to
understand how they have used these scales in the past to
describe their pain to medical providers.

Clinician and Clinical Researchers Interviews
As with the patient interviews, clinician interviews were
conducted using directed storytelling to learn about their
expertise and experiences in interacting with and treating
patients with pain. All interviews were transcribed for later
analysis.

Phase II: Ideation (Generate Concepts and Designs)

Overview
The goal of Phase II was to develop solutions to the problem
defined in Phase I: how to best allow patients to express their
pain and facilitate pain communication with health providers.

Ideation and Concept Development
Analysis of the interviews from Phase I combined thematic
analysis and the constant comparison method [31,32]. Codes
were developed via open coding of the transcripts to determine
topics and themes that emerged. Input from the
designers/investigators on relevant topics was also integrated,
resulting in a simultaneously inductive and deductive analysis
process. Based on the topics identified in Phase I, we developed
a set of criteria that needed to be met for a pain communication
solution to be considered successful. These criteria served as

design principles that guided the ideation stage where the
designers generated a large number of concepts, or creative and
innovative solutions to the pain communication problem.

Once several solutions, or concepts, are developed in an
unrestricted brainstorm, all of the concepts are evaluated based
on the design principles defined earlier. Any concepts that do
not meet all of the design principles are discarded. The
remaining concepts are ranked relative to 2 axes or factors:
importance (ie, potential to impact the problem) and then
difficulty (eg, cost, feasibility, scalability). Final concepts are
selected based on their relative importance/difficulty and
developed using generative storyboards to illustrate how the
concepts might function in various scenarios. To test each
concept, we conducted needs validation sessions, a design
method for working with stakeholders to validate or disprove
early ideas, to select a viable concept, and to transition it to the
user evaluation stage.

Painimation Drawing Exercises
The process of developing the painimations began with the
words used to describe the qualities of pain on the McGill Pain
Questionnaire Short Form [11], a pain assessment method that
measures pain intensity and quality using 15 descriptors of pain.
Drawing exercises were conducted with a group of 16 design
students from Carnegie Mellon, to develop visual depictions of
the more commonly used pain adjectives. For this exercise, the
design students were given a list of qualitative words that are
currently used on the McGill Pain Questionnaire Short Form,
such as stabbing, pounding, and shooting, and were asked to
draw those words, creating a low or medium version, and a high
version for each word. The selected words were those most
frequently presented by patients and clinicians in Phase I
exercises.

Painimation Development
Words from the McGill Pain Questionnaire Short Form [11]
were clustered into a few groups, with the idea of creating
painimations that would depict and represent different
sensations. The first 3 types we explored were throbbing,
shooting, and cramping. Deep and dull are terms that could be
applied to other qualities, so these were clustered separately.
Next, the visual variables that the painimations would represent
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or communicate were listed. The final list included speed,
saturation, focus, and size (Figure 1). Changing these variables
would change the intensity of the pain depicted. These
painimations were sent out to the design students in a survey

with the question, “What kinds of pain do you believe these
animations evoke?” The goal was to understand how participants
would describe the qualities of these painimations, given the
context of pain.

Figure 1. Visual considerations for painimations.

Wireframe Creation
A new set of 11 participants—patients with a history of pain,
clinicians, and researchers—were recruited by word of mouth
and asked to evaluate the painimations as well as the context
of use through the think-aloud protocol. Basic wireframes for

the pain assessment app were created to provide context for the
painimations (Figure 2). The participants were asked, “How
effective do you think this tool is in aiding your pain
communication?” via a modified version of the think-aloud
protocol. Similarly, clinicians and clinical researchers were
asked “Would something like this work? Why or why not?”
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Figure 2. Painimation wireframe early sketches.

Phase III: Implementation (Prototype, Test, and
Iterate)

Overview
The goal of Phase III was to develop a minimally viable product
to test with a small number of users. Once the painimations
were refined based on user input from Phase II, we used an agile
development process to build a fully functioning prototype of
an app that utilized the painimations (ie, Painimation). A final
set of 8 painimations was developed and subjected to testing
and further design iteration. The designers labeled the
painimations based on what pain adjective the painimations
were intended to represent. Two independent, graduate-level
design students were asked to identify what pain type each
painimation represented. Confirmation that the painimations
approximated the pain adjective they were meant to represent
would allow us to transition to pilot testing; otherwise, the
painimations would go through another design iteration.

Pilot Testing Using a Case Patient Population: Adults
With Sickle Cell Disease
The use-case scenario for Painimation was the assessment and
treatment of sickle cell disease (SCD) pain. SCD is a genetic
blood disorder that is characterized by unpredictable

vaso-occlusive episodes that lead to severe acute pain often
called “crisis” and can result in long-term organ damage, chronic
pain, and other complications [33]. Patients living with SCD
experience pain crisis as early as infancy, and the pain can
transition to chronic pain during adolescence and young
adulthood. Further, SCD primarily affects underserved,
racial/ethnic minorities, and patients often experience
discrimination in the medical system [34]. Thus, adults with
SCD have long, many times difficult, historical experience with
pain and communicating pain to medical providers; these
conditions informed the development of this tool.

Participating adult patients with SCD and self-reported chronic
pain were presented the 8 painimations and asked, “Would you
find this animation applicable to your pain?” These patients
were also asked about what types of pain they experience, how
they track pain, and their history of pain communication
interactions with providers.
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Results

Phase I: Inspiration (Empathize, Understand, and
Define)

User and Stakeholder Interviews
In total, 10 patients were interviewed, 6 with acute pain (mean
age 42.5 years; range 25-50; 50% [n=3] female) and 4 with
chronic pain (mean age 40.0 years; range 24-58; 75% [n=3]
female). Participants with acute pain had experience with
temporary bouts of pain lasting no more than a few days, and
patients with chronic pain had a range of pain experiences all
lasting more than 3 months. Participants with acute pain
experienced a hairline fracture, kidney stones, a pulmonary
embolism, postsurgery pain, a root canal, and a urinary tract
infection, whereas those with chronic pain experienced
migraines, fibromyalgia, vulvodynia, and chronic back pain.
Patients with acute and chronic pain both reported having
experience communicating pain with clinicians in the medical
setting.

Directed storytelling interviews revealed that patients with acute
and chronic pain both felt their exact pain was impossible to
communicate due to its subjective nature and the individual

response to it, both physical and mental. Patients with chronic
pain expressed that they particularly struggled to find clinicians
who knew and accepted their conditions.

Patients described communication about pain with their health
provider as “successful” if they felt heard and understood.
Likewise, pain communications were described as
“unsuccessful” if there was a lack of understanding, feelings of
being dismissed, or intimidated. Textbox 1 displays extracted
quotes from these interviews.

The think-aloud protocol revealed that patients with chronic
and acute pain both expressed some confusion around traditional
pain scales because they felt these scales were “vague” and
“ambiguous.” For example, several patients stated they had “no
clue” what “worst possible pain” in the numerical pain scale
meant.

Additionally, patients felt that traditional pain scales “lack
specificity” and do not accommodate detailed answers. For
example, on the numerical pain scale, one might want to say,
“It’s an 8 when I am applying pressure, and a 7 when I am
resting, and a 10 early in the morning.” Patients said that they
used these scales to communicate their pain intensity because
they had to; 5/10 respondents said their numerical pain rating
did not feel accurate.

Textbox 1. Extracted descriptors for clinical communication.

Successful

• Personable, friendly

• Professional

• Dead-on

• Light at the end of a tunnel

• Calming

• Relieving

• I felt in control

• I was actually being heard

• Improved over time

Unsuccessful

• Zero understanding

• Accused me of lying

• Impossible

• Dismissive

• Limited

• Intimidating

• I felt stupid

Clinician and Clinical Researchers Interviews
A total of 7 individuals were interviewed, 4 clinicians (mean
age 36.3 years; range 30-50 years, 50% [n=2] female) and 3
clinical researchers (mean age 50.7 years; range 36-58 years;
33% [n=1] female). Clinicians had experience in emergency
medicine, general medicine, and physical therapy while clinical

researchers had experience in clinical psychology, hematology,
and anesthesiology. Clinicians had experience caring for patients
with chronic and acute pain, while clinical researchers provided
their clinical experience as well as a rich perspective into current
research, challenges, and opportunities.

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e27689 | p.12https://humanfactors.jmir.org/2022/1/e27689
(page number not for citation purposes)

Rao et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Directed storytelling interviews revealed clinicians’and clinical
researchers’ perspectives on traditional pain scales. Clinicians
explained that a numeric value on the Numerical Pain Rating
Scale is only meant to represent one person’s pain: “one person’s
5 can be compared to their 9, but you cannot compare two
individuals’ 9’s.”

A numeric value is useful for communications between
clinicians and provides a system that is well understood
universally across the medical system. Numeric scales are
especially useful in the context of postsurgery pain when
clinicians are not as interested in the number itself as in whether
the medication or treatment has been effective in reducing pain.
In fact, the numeric scale was designed to provide a system for
clinicians to note progression in acute and curable pain. Still,
some clinician participants stated that in the emergency room,

there is some aversion to the numeric system, because patients
may exaggerate or falsify their pain score to receive treatment.
There was a general belief from respondents that the emergency
room sustains the problem of addiction because they cannot
deny opioid treatment to patients who report high pain scores,
especially if they have an outpatient opioid prescription.

Phase II: Ideation (Generate Concepts and Designs)

Painimation Concept Development
Based on the thematic insights taken from analysis of the user
and stakeholder interviews, we established a set of design
principles as criteria to support the creation of concept
storyboards. A successful solution to the pain communication
problem would meet all criteria listed in Textbox 2.

Textbox 2. Design principles as criteria.

Aid patient in describing pain

Given the scope of this project, the attempt was not to remove patient description or report altogether (with automated pain detection, for example)
but rather to support that verbal description.

Quantitative representation of pain

Patients want to know that their qualitative experiences matter as much as the quantitative selection. Clinicians, by contrast, required a number of
some type that can indicate pain severity and show treatment-related improvements.

Personalized

Patients need to feel that assessment is personalized to them and their pain thresholds. With chronic pain it is all the more important to allow conversations
to address the patient’s individual journey and take into account changes in their pain experience over time or even moment to moment.

Concise

Because time is limited (and pain assessment is just one part of the interaction between the patient and clinician), the procedure needs to be short and
simple to complete, yet provide the necessary data to guide diagnosis and treatment.

Facilitate the conversation

Based on the study findings, the most prominent stakeholder need was for a tool that would improve the patient–provider interaction by making the
communication surrounding pain symptoms easier, and helping patients feel heard and understood. The relationship between the patient and clinician
was viewed as the most important aspect of the medical encounter.

From the ideation session and concept selection process as
described in the “Methods” section, 3 final concepts were
selected and then developed out using generative storyboards
to illustrate how the principles might fit into various scenarios.
The 3 concepts were (1) expressive pain painimations, where
patients would use animations to describe their pain to providers;
(2) a personalized pain threshold scale, where rather than being
restricted to a 0-10 scale patients would use an app to set their
highest and lowest pain based on their own descriptors, words,
or numbers; and (3) communication-style matching, where
patients would be matched with a provider that fits their
communication style. Needs validation sessions revealed that
only the painimation concept qualified as both desirable and
feasible for both patients and clinicians. Patients felt the
painimations were more expressive than words or images alone,
had an emotional quality, and even incorporated the fluctuations
of pain over time. Clinicians and clinical researchers believed
the painimation concept could work in their clinic and felt the
concept would help create rapport between patients and
clinicians.

In terms of feasibility, patients felt there might be individuals
who prefer words over images or may not understand the
painimations. It was evident that any tool would need to be very
easy to understand. Clinicians and clinical researchers expressed
that they would still need a number and method to translate the
painimations into a score that can indicate severity or be used
to compare with the traditional 0-10 numeric pain scale, or other
pain assessment measures.

Painimation Drawing Exercises
As part of the painimation development process, a total of 16
graduate design students participated in a drawing exercise
where they were asked to draw a series of pain adjectives from
the McGill Pain Scale. The student drawings were then clustered
based on approach and also arranged according to intensity.
This exercise resulted in drawings that were quite similar. The
drawings were grouped by similarity, and the final groupings
were used to inform the initial set of painimations (Figure 3).
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Figure 3. Clustering of participant drawings.

First, a low-medium intensity version was created for the initial
3 painimations (throbbing, cramping, and shooting). Next, 2
new painimations (pounding and tingling) were created, each
with a high and medium value. These 2 words came from the
original list and were created to provide more variety in the
painimations to allow for a range of responses.

Painimation Development
In addition to the drawing exercise session, the graduate design
students participated in a survey to evaluate a preliminary set
of painimations based on early findings. The “what kinds of
pain do you believe these animations evoke?” survey of
throbbing, cramping, and shooting painimations revealed rich
language within the responses, which were organized into

emergent themes: recall, time + change, and representation
(Textbox 3). Participants used the painimations as a starting
point to recall pain incidents and memories. They mentioned
the temporal or changing nature of pain. Additionally,
participants indicated satisfaction and comfort using these
painimations to represent a sensation.

The throbbing painimation had the highest responses of 1
particular word, which was “throbbing” (n=11). For the shooting
painimation, “quick” and “sharp” had the same number of
occurrences (n=5). The cramping painimation had a tie between
“dull,” “deep,” and “slow” (n=2). Because of this lack of
convergence, the cramping painimation was revised. Multimedia
Appendix 1 displays word frequency in responses.
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Textbox 3. Emergent themes from survey of painimations.

RECALL

Participants used the animations as a starting point to recall certain pain incidents and memories.

Example quotes:

Reminds me of when I was having my broken arm bent by a pair of nurses to be put into a cast.

Like when I come in from outside when it is cold and my ears heat up uncomfortably, or if I jam my finger and it swells to the point I can feel my
heartbeat in my finger.

TIME + CHANGE

Participants mentioned the temporal or changing nature of pain.

Example quotes:

Pain that fluctuates in intensity.

Very erratic pulsing.

Something that starts out in one area and spreads across the body.

Coming up and then dying back down.

Slowly beginning with mild intensity, rising in a crescendo to a near-blinding, wince-inducing pain.

REPRESENTATION

Participants indicated satisfaction and comfort with using these animations to represent a sensation.

Example quotes:

This feels like it could describe that pain well.

I think the strong visuals might really speak to some people.

This could easily resemble how I felt when I got my wisdom teeth out.

Creation and Evaluation of Wireframes for a
Painimation app
A new group of 5 patient participants and 4 clinician researchers
was asked to interact with wireframes of an app that used
painimations to measure pain. Feedback included participants
wanting to see the whole set of painimations, so they knew how
many choices they had. They also preferred that the intensity
be depicted through a slider.

To resolve participant concerns, we created an instruction page
to precede the viewing of actual images, on how to choose the
painimations and increase and decrease the intensity; thumbnails
of all painimations were shown on each screen with textual
description, and arrows were replaced with a prominent slider.
To provide users with feedback after making their selections,
a panel was added at the bottom where the chosen painimations
could be dragged and dropped (Figure 4).
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Figure 4. Painimation selection wireframe.

Phase III: Implementation (Prototype, Test, and
Iterate)

Final Set of Painimations
Based on user feedback throughout Phase II, a final set of 8
painimations were developed and then independently reviewed
by 2 graduate design students outside of the investigative team
(see example 2 in Multimedia Appendix 2).

The 2 graduate students were asked to label each painimation
using a provided set of pain adjectives. Their labeling of the
painimations approximated the intended representations,
confirming that a broad set of pain types was depicted as unique
feature sets, with no overlap between them.

These final 8 painimations (Figure 5) were then reviewed by
the patients (n=5) and clinical researchers (n=4). Patient
participants felt these painimations would aid in their pain
communication, and several statements suggested that the
painimations resonated. Participants would look through the set
of painimations, choose 1 or 2, and make statements such as

“This one really feels like my headache, exactly!” Other general
comments about the idea itself included “These painimations
feel like the aha moment for me. Hopefully, doctors will see it
soon, too,” and “Just knowing that doctors are asking us this
question with a tool that comes closer to what we’re feeling,
shows that they are being empathetic and less dismissive.”

While patients acknowledged the benefits of seeing something
more qualitative and contextual, they were also concerned about
the limitations of the current system: “What is to stop me from
getting frustrated with this system in the same way that I
currently get frustrated with the number system [wanting to
increase the value of the slider to more than what is possible]?”

The clinical researchers’main concern was that the painimations
needed validated numerical values of intensity. Although each
painimation entry produced a numerical value of 0-100 on the
slider and the painimation quality type (eg, “throbbing”), these
values would need to have reliable and credible numerical
correlations with the traditional numerical pain scale (eg, a
particular painimation calibrated at a certain level would equal
an 8/10 on the numerical pain scale).
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Figure 5. Final set of painimations.

Pilot Testing Painimation With Adults With Sickle Cell
Disease
To confirm the acceptability and usability of the painimations,
we tested a prototype of a Painimation app designed in Phase
II with a use-case sample (adults with SCD-related pain). Six
African American adults (age range 24-32 years, 67% [n=4]
female) with SCD and self-reported chronic pain completed a
pain entry using the prototype Painimation app and were asked
to provide a verbal evaluation of all 8 painimations in a modified
think-aloud protocol.

The adults with SCD reported that the Painimation app is more
engaging, easier to use, has less entry burden, and leads to more
of a conversation compared with other pain assessment forms
they have used in the past.

In response to the question, “Would you find this animation
applicable to your pain?” 6/6 patients with SCD responded
“Yes” for electrifying; 5/6 for stabbing; 4/6 for burning; 3/6 for
cramping; 2/6 for shooting; and 1/6 for throbbing, tingling, and
pounding. Interestingly, 1 participant mentioned that the burning
painimation looks like beginning stages of sickle cell crisis.
Another patient felt that most painimations were not “severe”
enough to represent her pain.

The types of pain seemed to differ between patients; however,
many of the patients described their pain as stabbing and
pulsating, and they consistently described some of their pain as
continuous. In terms of pain tracking, 3/6 patients tracked their
pain in their phone or journal, while 2 only documented pain
crises, rather than daily pain. One patient said his pain did not
change, so he did not feel the need to track it.

These patients echoed what patients with chronic pain in our
earlier interviews reported regarding communicating with
providers about pain. They liked when they felt like doctors
listened and cared but were discouraged when they did not feel
heard, when doctors seemed as if they did not have empathy,
or did not understand their condition.

Discussion

Application of Painimation
Successful medical care depends on effective communication
between patients and clinicians regarding the patients’ health
symptoms and the most appropriate therapeutic path [35].
Providers are unable to deliver quality medical care when they
lack the tools to appropriately assess or interpret patient
symptoms that are critical to diagnosis and treatment. This is
especially true for the assessment and treatment of pain.

Through a human-centered design approach, our study
discovered that patients with pain frequently have negative
interactions with providers characterized by misunderstandings,
negative accusations, and intimidation. A major cause of this
breakdown in the patient–provider interaction is the challenge
in communicating pain and feeling understood. Patients,
clinicians, and researchers in this study reported that the current
pain assessment approaches used in the medical setting fail to
accurately capture or communicate patients’ pain experience,
have limited effectiveness for guiding diagnosis and treatment,
and may exacerbate breakdowns in communications between
patients and providers. Other studies have also reported that
measures oversimplifying the pain experience may lead to
patients’ personal legitimacy being undermined and result in
clinicians inadvertently contributing to chronic pain
stigmatization [36]. Given the importance of patients feeling
respected and supported by their clinicians, it is imperative to
improve patient–clinician communication regarding pain [37].

To address this gap, the current human-centered design study
resulted in the development of a novel pain assessment approach
that leverages digital animations. The use of pain animations
or painimations showed promise with a use-case clinical sample
of adults living with SCD-related chronic pain. Our prior
published study found that patients’ selection of painimations
were correlated with their scores on validated scales, and yielded
some evidence that painimations may have better diagnostic
potential than traditional multidimensional pain scales [17].
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Given that pain is incredibly complex and its qualities are
particularly difficult to express [8], there have been efforts to
improve communication of pain [38-41]. For example,
presenting abstract or literal pain images to patients with chronic
pain during pain consultations was associated with clinician
warmth and empathy, improving the patient–clinician rapport
and communication [38]. Another example is Pain QuILT (a
newer version of the Iconic Pain Assessment Tool), a web-based
and mobile-accessible tool for the visual self-report and tracking
of pain that offers 16 pain qualities, such as burning, electrical,
and stabbing [39,40]. Pain QuILT was rated significantly easier
to use than both the McGill Pain Questionnaire and the Brief
Pain Inventory and was associated with fewer barriers to
complete [40]. Our findings support and extend this work.

Abstract painimations can capture the experience of pain in a
comprehensive manner. These painimations can be visually
configured to reflect pain location, quality, and intensity.
Moreover, they allow users to interpret the painimations instead
of restricting them to specific/labeled pain quality options. The
abstract and nonverbal nature of the painimations is also
important because it helps level the playing field for
marginalized or underserved populations. Patients with lower
health literacy, communication disorders, or cultures/languages
different from those of the providers have previously faced a
communication gap that put them at a disadvantage when
seeking medical care. While there are complicated power
dynamics between a patient and a clinician, it benefits the patient
to have a tool that does not rely on literacy or language, upon
which to build conversation and allow patients to more
effectively report their symptoms. As evidenced by this project,
providing something that is removed from medical jargon or
systems (which were not designed from a patient-centric
perspective) allows patients to express themselves comfortably,
knowing that their comments are valued, heard, and hopefully
understood. Furthermore, these painimations address the
disparities that current pain assessments perpetuate due to their
use of complex words that may alienate individuals with low
literacy, disabilities, cognitive impairment, or other
communication barriers [12,13,42].

Relevance and Importance of Human-Centered Design
Work
Human-centered design and evidence-based data, together, have
significant potential for disease prevention and management
[43]. Patients need to have the opportunity to participate as true
partners in their health care [44]. Utilizing user-centered
participatory approaches allows the evaluation of which
elements work best for which populations in which contexts
[45]. Thus, application of human-centered design in health care
will exponentially improve the effectiveness of medical care
and disease prevention [43].

Human-centered design is gaining traction in health care and
the proliferation of mobile technologies expands opportunities
for innovation, particularly because of the wide access to
smartphones in clinical populations [23,46-48]. Mobile
technologies have been shown to be beneficial in reducing pain
severity and are well liked by patients and clinicians [49]. In
fact, a study of perspectives of patients with chronic pain on

methods of assessing pain found that 80% favored use of a
digital version of body template/diagram, and 43% favored use
of technology [50]. However, most mobile pain technologies
(around 70%) still do not systematically engage patients with
chronic pain as end users during app development, nor do they
involve clinicians [51]. To ensure short- and long-term
engagement of mobile app or digital health interventions, it is
critical to include patients and clinicians in all stages,
particularly the development stages [48,52-54].

Strengths and Limitations
This study has several strengths, including a rigorous
human-centered design approach that involves target users and
stakeholders at each phase. A major limitation of this study
approach, however, is the small sample and thus limited age,
genders, ethnicity/race, and number of pain conditions that were
represented by the user and stakeholder groups. For example,
only a small number of African Americans with SCD tested the
app. Consequently, the generalizability of our findings is limited.
The Painimation concept will need to be tested by a larger, more
representative sample in terms of age, gender, and ethnicity/race
with a broad range of pain types, to determine if all pain
experiences are represented in the current set of 8 painimations
or if additional painimations need to be designed.

Finally, the reflexivity of the investigators and consultants needs
to be considered and was systematically evaluated. It is likely
that prior experiences and biases may have influenced the
direction of designs and how the findings were interpreted.
Future work in this area will benefit from more objective
evaluations of the tool and the results.

Future Directions
This study demonstrates the process of human-centered design
to build empathy for the end user and ultimately develop and
implement an innovative solution for a prominent problem in
medical care. Further research is needed to establish whether
developing animations that explicitly measure affect and
emotion would be beneficial. Additionally, how particular pain
characteristics (conditions) might influence the further
development of alternative methods (including this one) needs
to be considered.

While these painimations have proven to have resonance with
participants in this study, there is potential with augmented and
virtual reality to develop the pain assessment experience further.
For example, a doctoral project at the Norwegian University of
Science and Technology in Trondheim is exploring how virtual
reality can help nurses develop and sustain their empathy, as
clinicians may become desensitized. It simulates morning
sickness (nausea and dizziness, for example) through a headset
that nurses wear. In relation to this project, the use of
painimations in the virtual reality space, recreating the nausea
or disorientation that patients with pain would experience, could
lead to an intervention that would increase the empathy of family
members, friends, and providers towards pain patients.

Finally, with the current data, it is unclear whether Painimation
is a tool to replace other measures or to be used in conjunction
with other forms of pain assessment. Further, in clinical
medicine the 0-10 scale is well-established as the status quo,
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and health professionals will need to be convinced that using
painimations offers useful and relevant information that can
improve their clinical practice. Changing the pain assessment
landscape is challenging and there are significant barriers to
implementing new tools into routine clinical care. The current
body of studies does not address how the pain conversation can
be changed in this radical new direction; however, this is a
starting point with potential to encourage and inspire other pain
researchers to explore novel methods for assessing pain.

Conclusions
This study provides evidence that employing a human-centered
design approach in clinical research has the potential to change
how medical care is practiced. Currently, most electronic
patient-reported outcomes measures for pain are essentially
digital copies of paper–pencil questionnaires. Computer adaptive
testing has helped streamline assessments, but the fundamental
method of assessing symptoms and outcomes with words and
numerical scales has not advanced along with the digital era.
There is a need for more human-centered design studies to
explore how technology can be leveraged to radically improve
and advance how patient-reported pain outcomes are assessed.
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Abstract

Background: Digital health research encompasses methods from human-computer interaction and health research.

Objective: This paper aims to describe how these methods were combined to develop HeLP-Diabetes: Starting Out, a web-based
structured education program for people newly diagnosed with type 2 diabetes.

Methods: The development process consisted of three phases: initial design for effectiveness, optimization for usability, and
in the wild testing in the National Health Service with people newly diagnosed with type 2 diabetes, and further revisions. We
adopted an iterative user-centered approach and followed steps from the human-computer interaction design life cycle and the
Medical Research Council guidelines on developing and evaluating complex interventions.

Results: The initial design process resulted in an 8-session program containing information and behavior change techniques
targeting weight loss, being more active, and taking medication. The usability testing was highlighted at an early stage, where
changes needed to be made to the language and layout of the program. The in the wild testing provided data on uptake of and
barriers to use. The study suggested low uptake and completion of the program, but those who used it seemed to benefit from it.
The qualitative findings suggested that barriers to use included an expectation that the program would take too long. This informed
refinements to the program.

Conclusions: The use of interdisciplinary methods resulted in an iterative development process and refinements to the program
that were based on user needs and data on uptake. The final intervention was more suitable for a definitive evaluation than the
initial version. The description of our approach informs other digital health researchers on how to make interventions more
sensitive to user needs.

(JMIR Hum Factors 2022;9(1):e31567)   doi:10.2196/31567

KEYWORDS

type 2 diabetes; patient self-management; diabetes education; primary care; digital health

Introduction

Interdisciplinary Research Methods
Research on digital health interventions (DHIs) brings together
the human-computer interaction (HCI; which includes software
engineering) and health (encompassing biomedical, behavioral,
and social sciences). The research methods used in HCI, such

as health research, are largely empirical (eg, experimental
designs, surveys, and focus groups). However, health research
tends to use a sequential approach, based on the methods used
in pharmacological drug development, culminating in a
randomized controlled trial to determine its effectiveness [1].
In HCI research, there is more emphasis on proximal
(interaction) and distal (effects) outcomes, and the need to
iteratively design and test an intervention until it is deemed to
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be accessible and useful by the user [2-4]. Acceptability and
usability are crucial to digital health researchers, because the
effectiveness of DHIs relies on being used (at the individual
level), and the population impact depends on reaching a high
proportion of the target population. The use of iterative methods
common to HCI allows DHIs to be optimized until they are
likely to achieve sufficient acceptability to ensure adequate
reach, uptake, and use to achieve effectiveness and
cost-effectiveness [5]. A decision about whether to proceed to
a definitive randomized trial can then be made.

The Medical Research Council (MRC) has published guidelines
for health researchers researching complex interventions to help
them adopt appropriate methods. The 2006 MRC framework
suggested a nonlinear approach to the development and
evaluation of complex interventions, with four key stages: (1)
development, (2) feasibility and piloting, (3) evaluation, and
(4) implementation [6].

These 4 stages involve using evidence and theory to develop
complex interventions, then testing them with a series of pilot
studies aimed at key design uncertainties, before moving on to
an exploratory and then a definitive evaluation [6]. MRC best
practice guidelines is that definitive evaluation should only be
undertaken once (1) the intervention and its delivery package
reach a degree of stability, (2) any further development would
be relatively minor, (3) there is reasonable confidence that the
intervention could be implemented with high fidelity, and (4)

there is a reasonable likelihood that the intervention will lead
to improved health outcomes or equivalent outcomes at lower
cost [5].

Iterative development and evaluation are also features of the
HCI development life cycles. A life cycle is the sequence of
activities that occurs from the initial concept, through to the
eventual phasing out and replacement [7]. The process
purposefully cycles through several designs, incrementally
improving the design until the final product is reached [7]. A
key aspect is to be user-centered and involve users throughout
the design process. This allows designers to understand people
in the contexts in which they live, work, and learn, and
consequently how to design products that fit easily into users’
everyday lives [8]. Standard frameworks for HCI and usability
have been developed that recommend an iterative design process
with an emphasis on the continuous identification of user
requirements, testing the intervention against these requirements,
respecifying user requirements, and retesting [9,10]. These
processes inform each other and are repeated in each design
cycle (Figure 1).

The challenges of interdisciplinary work across HCI and health
have been highlighted by Pagliari [11] and Blandford et al [2].
One of the key issues is that, although both the MRC and the
HCI life cycle approaches are iterative, the HCI life cycle is
located entirely in the development phase of the MRC
framework, as illustrated in Figure 2.

Figure 1. The human-computer interaction design cycle [10]. Used with permission from Elsevier.

Figure 2. The Medical Research Council framework and human-computer interaction design cycle [1]. Used with permission from the BMJ Publishing
Group Ltd. HCI: human-computer interaction.
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This paper focuses on this development phase, with the aim of
highlighting the importance of careful user-centered design and
early-stage usability testing before further evaluation. We have
reported how we tackled this, by describing the 3 phases of
development and describing the methods from HCI and the
methods from health that we incorporated at each phase. The
aim of reporting our methods is to guide other researchers in
developing similar interventions. Historically, complex
interventions, such as diabetes self-management programs, have
not been well described [12,13]. Better reporting would improve
the understanding of causal mechanisms and increase the
collective knowledge of how and why interventions work or
not. This would, in turn, facilitate learning among researchers
and the development of more effective interventions [14].

Our approach was also informed by guidelines on evaluating
DHIs [5], which defines the research questions forming the
basis of an evaluation of a DHI, and the issues that are
particularly salient to DHIs rather than complex interventions
as a whole. The guidelines on DHI evaluation was particularly
relevant during the early stages of design when we needed to
identify the health needs, target population, and causal model
for the intervention.

There are other examples where the process of combining
interdisciplinary methods have been documented [15-19]. The
person-based approach developed by Yardley et al [15], for
example, reports a development process involving qualitative
interviews with a wide range of people from the target user
population at every stage. Insights from users are then used to
modify the intervention to make it more persuasive, feasible,
and relevant. In keeping with the person-based approach, we
collected insights from users and used these insights to modify
the intervention at both the usability testing and in the wild
testing stages.

Background to the Intervention
Guidelines for evaluating DHIs recommend starting by defining
the problem to be addressed, namely the health need that the
DHI is intended to address and the population who could benefit
from the DHI. For HeLP-Diabetes: Starting Out (HDSO), the
health need that is being addressed is the provision of a
structured education for people with type 2 diabetes mellitus
(T2DM). T2DM is an international priority, affecting
approximately 425 million people worldwide. T2DM places a
considerable burden on patients in terms of premature morbidity
and mortality and on health services, in terms of cost. Both these
burdens can be reduced by structured self-management

education, which can improve patient knowledge, self-care
behaviors, metabolic control, psychological outcomes, and
health care costs [20-23]. In the United Kingdom, T2DM affects
an estimated 3.8 million people aged >16 years (8.6% of the
population of this age group) [24] and accounts for
approximately 10% of the total National Health Service (NHS)
budget [25].

It is an NHS policy that all patients diagnosed with T2DM are
offered structured education [26]. General practitioners (GPs)
in England are remunerated through the Quality and Outcomes
Framework (QOF) for referring newly diagnosed patients to
suitable programs, with the suitability of the program determined
by the accreditation by the Quality Institute for
Self-Management Education (QISMET) [27,28]. Despite this
incentivization, the uptake of structured education is poor (8.3%
uptake in 2016 [29]). The reasons for this low uptake include
difficulties with the current dominant model of structured
education which is group-based and can be difficult for people
who work, have caring responsibilities, or dislike groups. Our
team had already developed a web-based self-management
program (HeLP-Diabetes) [30], which was shown to be effective
and cost-effective [31,32]. HeLP-Diabetes is a website with
over 560 pages that provide self-management support for
patients from diagnosis to death. The content is broken down
into 8 sections, including information about understanding and
treating diabetes, an interactive health record, news and research,
and a forum and help page [31]. Engagement was also
encouraged with regular emails and text that contained links to
topical content within the website (eg, information regarding
influenza vaccinations in winter) [30,33].

However, QOF payment and QISMET accreditation require a
structured program (with a clear curriculum and learning goals
and modules to work through in a linear fashion) aimed at newly
diagnosed patients. HeLP-Diabetes was not structured (people
have access to the website, without following a linear pathway),
and it was not aimed at newly diagnosed patients but at patients
at all stages of their diabetes journey. Therefore, we decided to
develop a web-based structured course that could gain QISMET
accreditation and meet the QOF requirements. The established
courses that the GPs could refer patients to and gain QOF
remuneration were all group-based and face-to-face; thus, a
web-based structured course would provide an alternative that
could potentially bypass some of the barriers to uptake described
earlier. Table 1 illustrates the key differences between the
HeLP-Diabetes website and the HDSO-structured course
described in this paper.
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Table 1. Key differences between HeLP-Diabetes and HeLP-Diabetes: Starting Out.

HeLP-Diabetes: Starting OutHeLP-DiabetesFeature

Newly diagnosed people with T2DMPeople with T2DMa at any stageTarget user

5 sections, with selected content from HeLP-Diabetes8 sections, with 560 pagesSize

Linear—people worked through modules one by one, and
were given access to the next module once they completed
the previous one

Nonlinear—people could access any part of the website
and dip in and out as they pleased

How the intervention was
delivered

Spiral curriculum—people worked through a series of
modules and added to the knowledge they gained from
previous modules in a spiral fashion

No curriculum—a wide breadth of information was avail-
able, and people could choose which topics to access de-
pending on interest

Curriculum

aT2DM: Type 2 diabetes mellitus.

The interdisciplinary development process required the skills
of a multidisciplinary team of patients, GPs, diabetes nurse
specialists, and health and HCI researchers. KP and JR formed
part of the HeLP-Diabetes team, and KP and SP formed part of
the HDSO team. EM led both teams.

Aim and Objectives
This paper aims to describe how we combined the methods
described in the MRC and HCI guidelines, using the
development of the HDSO program as a worked example. The
three stages of development we undertook were as follows: (1)
phase 1—initial design, (2) phase 2—optimizing for usability,
and (3) phase 3—in the wild testing and further revisions.

For each stage of development, we have described the methods
from HCI, the methods from health, and how we combined the
two. The evaluation of the final intervention for feasibility,
acceptability, and impact is described elsewhere [34].

Methods

Phase 1: Design for Effectiveness

Methods From HCI: Establishing User Requirements
for HeLP-Diabetes as a Precursor for HDSO

Focus Groups

The first steps of the HCI design process involve understanding
the user context and requirements. This took place during the
development of the HeLP-Diabetes website, before the
development of the HDSO-structured program.

Understanding the contexts in which people live, work, and
learn allows designers to develop products that fit easily into
users’ everyday lives. Products that are easy to use are more
likely to be acceptable to patients and more widely taken up.
Extensive work in establishing the requirements of patients with
T2DM went into the development of HeLP-Diabetes, the
precursor to HDSO, and has been reported by Dack et al [30].
User requirements were conceptualized as features that would
make people want to use the interventions (wants) and features
needed to help improve health outcomes (needs). The
HeLP-Diabetes team conducted focus groups with patients and
health professionals (health professionals facilitated engagement
with the program) to collect this information.

Usability Testing

The content identified as necessary in the focus groups was
integrated by the design team and then reviewed by a
participatory design group consisting of patients with T2DM.
The content went through several iterations and was put through
usability testing. Usability testing is commonly used in software
engineering and HCI research. It has been described as
“representative users attempting representative tasks in
representative environments, on early prototypes or working
versions of computer interfaces” [35]. Usability testing aims to
find flaws in the interface that need improvement and to make
products more sensitive to users’ needs at an early stage of
development [36]. There is a wide range of techniques used in
usability testing, including questionnaires, think-aloud
observation, and interview-based techniques [37]. Usability
testing for HeLP-Diabetes involved users thinking aloud while
undertaking prespecified tasks (eg, finding specific information
or using one of the self-monitoring tools), a technique common
and unique to HCI [38]. Usability testing helped to optimize
the navigation and interactive features of HeLP-Diabetes.
Selected content from HeLP-Diabetes were used to develop the
HDSO program, informed by evidence, theory, and modeling.

Methods From Health

Evidence

Systematic reviews of web-based diabetes self-management
interventions [39-42] have found that the most effective
components are (1) prompting of self-monitoring of behavioral
outcomes, (2) provision of information on consequences of
behavior, (3) barrier to identification or problem solving, (4)
feedback on performance, and (5) interaction with health care
professionals via the internet [39,40,42]. This evidence was
combined with the theory regarding long-term condition
self-management to determine the necessary components of the
program. This theory is discussed in the next section.

Theory and Causal Modeling

The aim of the structured program was not only to impart
knowledge but also to empower and encourage people newly
diagnosed with T2DM to improve their self-efficacy
(self-confidence in self-management) and emotional well-being
by learning about living a healthy lifestyle, making the most of
the NHS and staying motivated. There were many theories and
theoretical models which related to the aims of the program.
These included the Corbin and Strauss model for the work of
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living with a long-term condition [43] and behavior change
theories. The Corbin and Strauss model was chosen because of
its holistic approach to diabetes self-management and fit with
education theory about multidimensional learning. Increasingly,
learning has been construed as being multidimensional and
involving the body, emotions, spirit, and the mind [44]. The
Corbin and Strauss model for the work of living with a long-term
condition also emphasizes the need to address the emotional
aspects of disease and identity issues. Corbin and Strauss
identified 3 sets of tasks involved in self-management [45] from
qualitative work on the perception of patients about their
long-term conditions. These are conceptualized as follows [43]:

1. Medical management: adopting healthy behaviors (eg, not
smoking, exercising regularly, and eating healthy food),
working with health professionals (eg, keeping
appointments and following instructions), and taking
medicines.

2. Emotional management: addressing the negative emotions
associated with being diagnosed with a long-term condition.

3. Role management: coming to terms with the disruption to
one’s sense of self, including adjusting to the patient role

and managing the impact of one’s diagnosis on relationships
with friends, family, and colleagues.

Behavior change theories were used because they can help
predict how and when behavior change occurs [46]. Behavior
change techniques (BCTs) are the strategies used in an
intervention to promote behavior change [47]. They can be
designed using behavior change theories. Interventions that use
more theory-based BCTs have been found to have larger effect
sizes compared with interventions that use fewer techniques in
studies of digital health behavior change interventions [47].

Guidelines on evaluating DHIs [5] recommends identifying the
necessary components of an intervention (including BCTs) by
establishing a credible causal pathway for the intervention;
thereby, linking evidence and theory to the intended outcomes.
We linked the 3 self-management tasks identified in the Corbin
and Strauss model to the intended outcomes of the intervention
(improved knowledge, self-efficacy, and emotional well-being)
using a causal modeling approach. The causal model for HDSO
is illustrated in Figure 3.

Figure 3. Causal model of HeLP-Diabetes: Starting Out program. HbA1c: glycated hemoglobin A1c.

In the long term, the proximal outcomes of knowledge,
motivation, self-efficacy, and emotional distress combine to
enable behavior change and better glycemic control. We opted
not to measure long-term outcomes but focus on the short-term
outcomes, including registration, use, and change in these 3
proximal outcomes.

How HCI and Health Methods Were Combined

Findings from the work on user requirements (HCI) and
evidence, theory, and causal modeling of the intervention
(health) were combined to select appropriate BCTs and develop
the content, format, and structure of the program.

Phase 2: Optimize for Usability

Methods From HCI
The usability testing of the HDSO program was conducted using
questionnaires emailed to 5 patient volunteers. The
questionnaires were written by the GPs and diabetes specialist
nurses in the HDSO team and included the following four items:
(1) the title of the session (eg, easy to understand and relevant
to content), (2) the information contained in the session (eg,
appropriate quantity of information, encouraging tone, and
relevant links to information from other sources), (3) the visual
design of the session (eg, readability of font, ease of finding
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access to videos, and the next section of the program), and (4)
any other specific suggestions.

Methods From Health
Usability testing formed part of the early phase work
recommended by the MRC and was undertaken to test the initial
design with target users, before the exploratory in the wild
testing with patients in the NHS.

How HCI and Health Methods Were Combined
Combining the phased approach advocated by the MRC and
making changes to the program based on the results of 1 round
of usability testing meant that the early development of the
program was iterative. This was a key strength of this research.
We did not immediately proceed to evaluation after the initial
design of the program but undertook cycles of testing,
refinement, retesting, and further refinement until we were more
confident that the intervention fulfilled user needs and did not
need major changes. This was recommended by both the MRC
guidelines used by health researchers and the HCI lifecycle
models used by HCI researchers. The refinements made to the
design of the program were based on the results of the usability
testing (and therefore based on user needs and experience).

The purpose of the next stage of testing and refinement was to
evaluate the design of the program against user requirements.
This was undertaken using in the wild testing.

Phase 3: In the Wild Testing and Further Revisions

Methods From HCI
Research in the wild is a term used for research conducted in
natural settings. It is increasingly used in HCI to understand
how people react to and integrate technologies in their everyday
lives over a period [48,49]. In situ studies are more likely to
reveal the behaviors people adopt and the problems they
encounter when they use an intervention at home, at work, or
elsewhere. The advantage of this is that they provide greater
external validity than experimental studies, where participants
are more aware of how they are expected to behave. Another
advantage is that in the wild studies nearly always provide
unexpected findings regarding what humans do when confronted
with a digital intervention; these can be the most informative
findings [49]. In addition to usability testing, this provided an
extra way of testing interventions against user requirements (as
suggested in the HCI design cycle).

Methods From Health
The aim of the in the wild testing was to understand more about
how patients were using the HDSO program in their everyday
lives, including their experiences and views of the problems
they encountered in using the program. Therefore, mixed
methods were used in this study. Quantitative data were
collected on the number of patients registering for and
completing the program, patient characteristics, and changes in
questionnaire scores. The questionnaires administered were the
Problem Areas in Diabetes measuring diabetes-related distress
[50], and the diabetes management self-efficacy questionnaire
[51]. Questionnaires were included in the web-based program
at the start and end of the course. Qualitative methods were used

to explore the patient experiences and views regarding using
the program.

Qualitative methods are used in both health and HCI research,
but there are some important differences in the approaches used.
For example, the locus of expertise differs. In health and social
science research, researchers typically start with their own
expertise rather than the user’s expertise, and the design
interventions that (it is hoped that) users will engage with [2].
In HCI research, the user is assumed to be an expert in what
they do and what they need. Digital health research has adopted
more user-centered approaches to address the challenge of low
uptake and adherence, with a focus on understanding and
accommodating the perspectives of the people who will use the
intervention [15]. In health and social science, a less formative
(developmental) and more summative (cumulative) approach
is often taken, so that there is less focus on early outcomes in
the developmental stages and more focus on the impact of the
final intervention. Emphasis is placed on conducting interviews
of sufficient depth and duration. Interviews in HCI research use
methods that are more common to industry and are driven by
time and resources. Rapid user experience studies with smaller
sample sizes are conducted at several stages during product
development.

How HCI and Health Methods Were Combined
Methods from HCI and health were combined to conduct the
in the wild testing of the HDSO program. The setting for the in
the wild testing was GP practices. This was the natural setting
for this study as referrals to structured education for T2DM
patients occurs in primary care. Practices in 2 London boroughs
that had taken part in a HeLP-Diabetes implementation study
and practices in 2 London boroughs that were interested in
commissioning the HDSO program participated in the study.
The program was offered to these practices for free as an
alternative to established face-to-face diabetes structured
education courses that were already commissioned.

The study was submitted to the Health Research Authority
(HRA) for NHS Research Ethics Committee (REC) for review.
Secondary analysis of information collected as part of normal
care was excluded from the REC review by the HRA as long
as the patients were not identifiable [52]. Therefore, the
collection of data on registrations, completed sessions, and
questionnaire scores were permissible, as the data were
automatically pseudonymized with a numerical identifier.
Patients were informed on registration that anonymized data
were collected by the program and used anonymously for
ongoing service development.

A total of 15 practices agreed to offer the HDSO program to
patients for the study. The program was offered to patients as
an NHS service; therefore, there were no formal inclusion and
exclusion criteria. Practices were informed that the target
population of the intervention was adults (aged ≥18 years) with
T2DM diagnosed in the last 9 months and asked to offer the
program to everyone in this population. Practices were asked
to identify eligible patients by running a search of the electronic
medical records. Practices were sent registration packs to mail
out to eligible patients. A total of 322 packs were mailed out.
The registration pack contained information about the HDSO
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program (including that it was being offered as an NHS service
as an alternative to face-to-face courses), how to register, and
a reply slip. Patients interested in using the program returned a
reply slip to the HDSO administrator with their contact details.
Patients were then telephoned by the HDSO administrator who
collected baseline demographic data (which was pseudonymized
and added to the data collected automatically by the HDSO
program) and created a username and password for the program.
The HDSO administrator also confirmed whether they were
happy to take part in research interviews and securely sent SP
the ID numbers of all the patients who agreed. The username
and password for the HDSO program were then emailed to the
patient, along with information on who to contact if there were
any problems.

We used qualitative telephone interviews with patients to
explore their experience of using the program. We took an HCI
approach of rapid data collection and used the data to inform
optimization before further evaluation.

One of the members of the HDSO team (SP) contacted patients
who registered for the HDSO program but did not start or
complete it. We were unable to contact patients who did not
register for the program, as they did not provide us with their
details or consent to be contacted. The patients who did not start
or complete the program were contacted, because we were
particularly interested in the problems encountered with the
program. The telephone calls were semistructured and lasted
approximately 10 minutes. Questions included “What would
help you to use the program more regularly?”

The interviews were carried out by telephone by SP, and written
notes were taken rather than audio-recording and transcribing
because the data needed to be collected and analyzed quickly
to inform the program optimization. Note-taking is a recognized
form of recording [53], and although it has the disadvantage of
not capturing every word verbatim, the researcher mitigated
this by noting down verbatim quotes where they were
particularly pertinent.

Ethical Approval
Ethical approval was obtained from the HRA (reference number:
159488). Data on registrations, completed sessions, and
questionnaire scores were excluded from the HRA REC review,
because of a clause that states that secondary analysis of
information collected as part of normal care is excluded from
REC review by the HRA, as long as the patients are not
identifiable [52].

Results

Phase 1: Initial Intervention Components and Content

Establishing User Requirements for HeLP-Diabetes as
a Precursor for HDSO
Results from the focus groups showed that patients needed help
in managing the complexities of living with diabetes, such as
managing the impact that irregular working hours had on diet
and blood sugar, impact on relationships and social life, and
support in dealing with the profound negative emotions caused
by the diagnosis, which included anger, guilt, shame, and

despair. The tools to help them manage these tasks included
high quality, detailed information, personal stories from other
people with similar experiences, and quizzes to test knowledge
and provide feedback. Health professionals had similar
perceptions of patient needs. Both patients and health
professionals wanted HeLP-Diabetes to be interactive and visual
(with quizzes, videos, and images), to be easy to use, and have
a positive tone [30].

These results were combined with the results of the usability
testing to create HeLP-Diabetes, a website containing 560 pages
of information divided into 8 sections, which patients at any
stage of their illness journey, could dip in and out of.

Content, Structure, and Format of HDSO
We used selected content from the HeLP-Diabetes website
(informed by the causal modeling process) to construct the
HDSO-structured program, which was needed to meet the
QISMET and QOF requirements described in the introduction.

The causal modeling process helped us postulate that
information and BCTs targeting healthy eating, weight loss,
activity levels, smoking, alcohol consumption, and medication
intake, would help users achieve the intended outcomes.
Modules targeting these behaviors were therefore selected from
the HeLP-Diabetes website to be integrated into the HDSO.
The modules contained BCTs, including goal-setting,
action-planning, self-monitoring, and feedback on performance
[31]. These BCTs are based on the self-regulation theory [54],
which states that our major self-regulative mechanism functions
through (1) the self-monitoring of behavior, its determinants,
and its effects; (2) the judgment of behavior concerning the
person and place; and (3) effective self-reaction.

In addition to the BCTs from HeLP-Diabetes, self-assessment
questionnaires and feedback were added as new components to
the HDSO-structured course. The questionnaires assessed
self-efficacy (self-confidence) in self-management,
diabetes-related distress, and diabetes knowledge. These were
positioned in the course in weeks 1 and 8 (before and after the
program), thereby allowing users to reflect on the change in
their scores.

Personalized emails were also added as new components to the
HDSO-structured course. These were added to encourage
motivation and engagement. A systematic review by Alkhaldi
et al [55] on the effectiveness of prompts to increase digital
interventions found that studies reported borderline
small-to-moderate positive effects of technological strategies,
including emails, to improve the use of interventions. Resource
implications and mindfulness of our ultimate goal being HDSO
delivered at scale across the NHS meant that emails were chosen
as a cost and time-effective strategy for providing users with
reminders.

A curriculum was needed to structure the content and
components of the program and to achieve accreditation as a
structured course. By identifying relevant theory (as suggested
by the MRC guidelines), we decided that the program would
follow a spiral curriculum based on the Harden and Stamper
spiral curriculum model [56]. This model proposes that there
should be an “iterative revisiting of topics, subjects or themes
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throughout the course.” The idea is that topics are not just
repeated, but that knowledge and understanding should be
deepened each time. The learner’s competence should increase
with each visit until the overall aim is achieved [56].

The qualitative work that was conducted to establish user
requirements for HeLP-Diabetes showed that users wanted
information to be presented using text, images, and videos.
These formats were therefore used to present information in the
HDSO program and included videos of others living with
diabetes. The text was written for people with a reading age of

12 to correspond with 80% of the population in the United
Kingdom [57].

The result was an 8-session program containing information
presented as text, images, and videos, and BCTs including
goal-setting, action-planning, self-monitoring, and feedback on
performance. Each session was designed to take approximately
40 to 50 minutes to complete and for people to complete 1
session per week. A screenshot of the HDSO program showing
a video giving an introduction to T2DM is shown in Figure 4.
The 8 sessions of the program and each of their parts are listed
in Table 2.

Figure 4. Screenshot of the HeLP-Diabetes: Starting Out program showing video component.
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Table 2. HeLP-Diabetes: Starting Out session titles and parts before usability testing and in the wild testing.

Session componentsSession title and content

Week 1—getting started

Self-assessment questionnairesSelf-assessment

InformationAn introduction to diabetes

InformationEating well for diabetes

Week 2—self-management

Information and quizzesTaking control

Information, physical activity goal-setting task, and videos of people’s storiesBecoming more active

Information and videos of people with diabetesHandling feelings

Week 3—improving my health and well-being

InformationProtecting my body and mind

An exercise for reflecting on the quizzes in week 2, and setting SMARTa goals for diet, medica-
tion, activity, drinking, and other health behavior changes

Making changes

Videos of people with diabetesUnderstanding my moods

InformationWorking with diabetes

Week 4—taking control of my diabetes

Information, videos of people talking about their interaction with the National Health Service,
and a link to the health record in HeLP-Diabetes where users can record appointments

Making the most of the National Health Ser-
vice

A review of SMART goals set in week 3Update my goals and plans

A reflection on the results of the mood quizzes in week 3, and a set of “Mood Tools,” including
“Living Life to the Full,” a package developed by clinical psychologists using principles from
cognitive behavioral therapy

Managing my moods

Information and videos of people’s storiesMy social life

Week 5—medication and lifestyle

Information, videos about the challenges and benefits of medications, and an interactive “My
medicines” list

Medication

A review and update of goals set in week 3Review my goals and plans

An opportunity to revisit the mood tools used in week 4How to fix almost everything

InformationDriving

Week 6—reducing my risks

InformationReducing the risks of heart attack and strokes

InformationLooking after my feet

An opportunity to review and update SMART goalsReview my goals and plans

Videos of people talking about how they became used to having diabetes and an opportunity to
revisit mood tools

Living with diabetes

Week 7—working with my health care team

InformationManaging illness

Videos about people’s experiences of diabetes careMy diabetes review

Review and update SMART goalsReview my goals and plans

Week 8—celebrating success and planning for the future

Opportunity to repeat the self-assessment questionnaires from week 1Self-assessment

Opportunity to prepare a care planLooking after my diabetes

Information about staying motivated and reading about diabetes in the mediaMoving on: the end of the beginning

aSMART: specific, measurable, achievable, realistic, and time bound.
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Phase 2: Usability Testing
Responses to the questionnaires described earlier were reviewed
by the team. The relevant changes were made where there was
agreement among responses from the patient volunteers. Where
there was disagreement in responses from the patient volunteers,
the suggested changes were discussed among the team members,
and a consensus decision was made as to whether to make the

changes. Changes were made to the language and layout of each
session of the program, including making text and titles clearer
and easier to understand for users.

Examples of questionnaire responses and changes made to the
program, as a result, are given in Table 3, demonstrating how
the progression of the development of the program was grounded
in user needs.

Table 3. Example usability questionnaire responses and resulting design solutions.

Design solutionsResponse from patient volunteerQuestionnaire itemTimeline

Subtitles were added for each section of each
module.

“Subtitles detailing content for each section would be helpful
eg. Self-management 1 - Taking Control; Self-Management 2
- Getting Physical (Becoming more active); Self-management
3 - Handling Emotions (managing feelings?)”

DesignWeek 1

Advice about physical activity was condensed, and
the number of videos of people’s stories was re-
duced.

“First 3 pages good with 2 very useful video clips. Page 4
‘Advice about increasing physical activity’ too much detail.
Too many peoples stories at the end.”

ContentWeek 2

Contact details for support and advice organizations
were removed and website links were added and
signposted instead.

“Good, perhaps too much detail (contacts, addresses etc.) for
sexual problems - could this be a website link? Level of detail
might be off-putting for newly diagnosed.”

ContentWeek 3

We made changes to the design and content of the program
based on the questionnaire responses. This ensured that the
development of the program was grounded in user needs. The
changes included clearer subtitling, advice about physical
activity made more concise, a more appropriate number of
videos of people’s stories included, and links to support and
advice organizations added.

Phase 3: In the Wild Testing
During the study, 24 people registered for the HDSO program.
Quantitative data were collected on program use, questionnaire

scores, and characteristics. Of the 24 people registered, 3 (13%)
people completed the program, 13 (54%) people started the
program but did not complete it, and 8 (33%) people did not
start the program. The data suggested low uptake and
completion, but those who used it seemed to benefit from it
(mean self-efficacy in self-management scores and diabetes
knowledge scores increased).

The telephone interview responses were analyzed using a
thematic analysis approach, and a list of barriers to completing
the program emerged from the data. These are listed in Table
4 with illustrative quotes.

Table 4. Themes observed from the telephone interviews.

Illustrative quoteTheme

Lack of time to start or complete the program • “I’ve tried going through it during breaks at work, but I keep getting
interrupted. I’ve only got to the ‘Welcome’ page.”

• “Can you give me an extra hour in the day?”

Expectation that completing the program would take too long • “It’s going to take a while, I need to be able to use it with a spare ten
minutes.”

Ambivalence about starting • “It’s in the background, I keep it in mind.”

Feeling of content not being relevant to some users • “It’s not relevant to me, I don’t take medication.”

These themes were used to inform the refinement and
optimization of the program as discussed in the next section.
The ideas were followed up in subsequent interviews conducted
as part of the evaluation of the final intervention and reported
elsewhere [34].

Design Solutions Resulting From the In the Wild
Testing
The themes identified from the interviews suggested that there
were patient and program factors which influenced program
use. Patient factors such as ambivalence were difficult to
address. However, we were able to shorten the program and

provide users with quicker access to the program with web-based
registration.

Following a discussion among the HDSO team, the following
changes were agreed upon:

1. Reducing the number of sessions in the program: evidence
from systematic reviews of engagement with digital
behavior change interventions [58] and research on adult
web-based learning [59] suggests that participants disengage
if the intervention is perceived as too long or overly
complicated. The decision about what content to retain and
what to remove was made after discussions with the diabetes

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e31567 | p.32https://humanfactors.jmir.org/2022/1/e31567
(page number not for citation purposes)

Poduval et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


specialist nurses in the HDSO team who were trained
educators and experienced in delivering face-to-face
structured education courses. To determine what content
to retain and what to remove, we discussed the data from
the user experience interviews, reviewed the guidelines on
T2DM management [26], and examined the curriculum
closely. The 8 sessions were cut down to 4 sessions, with
a fifth bonus session available at the end. Despite comments
about its irrelevance to newly diagnosed patients, all aspects
of the management of T2DM were retained because it was
considered important to give people a good overview and
understanding of the types of treatment they might receive
in the future. Topics including managing my diabetes when
I’m ill, working with diabetes, and driving with diabetes
were taken out of the main course and moved to the fifth
bonus session. The final 4-session intervention is described
elsewhere [60] and contains the following sessions: getting
started, self-management, improving my health and
well-being, and taking control of my diabetes.

2. Reducing the number of questionnaires: we decided to
reduce the number of questionnaires from 3 to 2 by
removing the AdKnowl questionnaire. The AdKnowl
(knowledge) questionnaire [61] was removed because it
was significantly longer and more time-consuming than the
other 2 questionnaires. Patient feedback suggested that they
found the questionnaire burdensome and off-putting; the
evidence we found from systematic reviews of diabetes
self-management education programs suggests that there
is a lack of a consistent positive relationship between
knowledge and glycemic control and that factors other than
knowledge are needed to achieve long-term behavior change
[21]. Therefore, we prioritized the changes in distress and
self-efficacy.

3. Web-based self-registration: it was decided to change to
web-based registration to save time and to make it easier
for patients to access the program quickly. The
self-registration page included a demographic questionnaire,
which allowed for the collection of baseline data. Telephone
support from the HDSO team was still available for those
who had difficulty registering on the web or using the
program.

We decided to offer the program to everyone with T2DM and
not just people who were newly diagnosed. The HDSO program
was developed in line with the national clinical guidelines for
GPs advising them to offer patients with T2DM structured
education at and around the time of diagnosis [26]. However,
we knew from the National Diabetes Audit that not all patients
were offered structured education at the time of diagnosis, and
of those who were offered it in 2016-2017, only 7.1% attended
[29]. Therefore, many patients with T2DM who were not newly
diagnosed have not received structured self-management
education and are in need of it. In addition, data on the incidence
and prevalence of T2DM in the United Kingdom show that
T2DM prevalence rates have more than doubled between 2000
and 2013, but incidence rates have increased more slowly
[62,63]. This suggests that there are more people being
diagnosed younger and living longer rather than new diagnoses,
which consequently suggests that it would be possible to recruit
people who were not newly diagnosed to the HDSO program

than people who were newly diagnosed. We decided to offer
the program to everyone with T2DM and collect data on the
duration since diagnosis. This allowed us to compare completion
rates between newly diagnosed and non–newly diagnosed
patients.

Discussion

Principal Findings
We have described the stages of the development of a web-based
structured education program for people newly diagnosed with
T2DM, HDSO. Methods from HCI and health research were
used in combination at every stage. Methods from HCI put more
emphasis on understanding user requirements and determining
uptake. The in the wild testing allowed us to identify low
completion rates, which were not picked up in the usability
testing because it was conducted with highly motivated patient
volunteers. The methods from health and the MRC framework
for complex interventions emphasized the impact of the
intervention. This helped us to understand the potential
effectiveness of the intervention. The iterative development
process that we went through with the intervention, in contrast
to traditional piloting and feasibility studies conducted in health
research [64], resulted in an intervention that was more stable
and appropriate for a definitive trial than the earlier iteration.
Proceeding to a trial too early can be problematic because trials
do not detect whether the lack of intervention effect is due to
implementation failure or genuine ineffectiveness [65].
Randomized controlled trials also fail to permit iterative
improvements to the design and updates to technology [66].

Comparison With Previous Work
The existing reporting of complex behavior change interventions
is limited, and this prevents successful replication of successful
interventions [14]. Reviews of web-based T2DM
self-management interventions have reported extreme
heterogeneity of interventions [67] and poor descriptions of the
theoretical bases and active ingredients of the interventions [39].
This makes it difficult for researchers to identify and understand
successful intervention components and to be able to design
and implement successful interventions. The field of digital
health research and web-based diabetes self-management is
evolving rapidly, and it is important for future research that
lessons can be learned from existing studies. This description
of the development and content of HDSO helps add to the
understanding of how and why web-based interventions for
diabetes self-management (and other long-term conditions)
work and can be used to inform future research in this area. In
addition to describing the intervention, this study also adds to
the understanding of how interdisciplinary methods from health
and HCI can be used to develop a DHI. Previous studies by
Blandford et al [2] and Pagliari [11] have described the
challenges in using interdisciplinary research in the development
and evaluation of DHIs, and this paper illustrates some of the
concepts described in the literature using the example of a
web-based diabetes self-management program.
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Strengths and Limitations
The strength of this research is the use of methods from both
health and HCI. We combined the theory of living with
long-term conditions and a user-centered design to understand
and meet user requirements. This meant that users of different
age groups, education levels, and ethnic backgrounds could use
the intervention, as demonstrated by the analysis of the usage
data from subsequent studies [68]. A weakness of the
interdisciplinary approach in this study was the emphasis on
time and resources when conducting qualitative interviews with
program users. This meant that we conducted rapid user
experience studies at several stages, with smaller sample sizes
and limited depth and duration of interviews.

Another weakness of our approach was patient involvement.
More extensive patient involvement could have been used in

the design of the interview guide for the telephone interviews
in the user experience study and data analysis. The patient
volunteers could also have been asked to make their own
suggestions for refinements to the first iteration of the program,
instead of relying solely on the data.

Conclusions
This paper describes how interdisciplinary methods can be used
to develop a web-based structured education program for people
newly diagnosed with T2DM. Methods were combined from
human-computer research and health research. The reporting
of the development processes for DHIs needs to continue,
especially when interdisciplinary methods are used, for
researchers to be able to learn from each other and create
user-centered interventions.
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Abstract

Background: Closing the gap between care recommended by evidence-based guidelines and care delivered in practice is an
ongoing challenge across systems and delivery models. Clinical decision support systems (CDSSs) are widely deployed to augment
clinicians in their complex decision-making processes. Despite published success stories, the poor usability of many CDSSs has
contributed to fragmented workflows and alert fatigue.

Objective: This study aimed to validate the application of a user-centered design (UCD) process in the development of a
standards-based medication recommender for type 2 diabetes mellitus in a simulated setting. The prototype app was evaluated
for effectiveness, efficiency, and user satisfaction.

Methods: We conducted interviews with 8 clinical leaders with 8 rounds of iterative user testing with 2-8 prescribers in each
round to inform app development. With the resulting prototype app, we conducted a validation study with 43 participants. The
participants were assigned to one of two groups and completed a 2-hour remote user testing session. Both groups reviewed mock
patient facts and ordered diabetes medications for the patients. The Traditional group used a mock electronic health record (EHR)
for the review in Period 1 and used the prototype app in Period 2, while the Tool group used the prototype app during both time
periods. The perceived cognitive load associated with task performance during each period was assessed with the National
Aeronautics and Space Administration Task Load Index. Participants also completed the System Usability Scale (SUS) questionnaire
and Kano Survey.

Results: Average SUS scores from the questionnaire, taken at the end of 5 of the 8 user testing sessions, ranged from 68-86.
The results of the validation study are as follows: percent adherence to evidence-based guidelines was greater with the use of the
prototype app than with the EHR across time periods with the Traditional group (prototype app mean 96.2 vs EHR mean 72.0,
P<.001) and between groups during Period 1 (Tool group mean 92.6 vs Traditional group mean 72.0, P<.001). Task completion
times did not differ between groups (P=.23), but the Tool group completed medication ordering more quickly in Period 2 (Period
1 mean 130.7 seconds vs Period 2 mean 107.7 seconds, P<.001). Based on an adjusted α level owing to violation of the assumption
of homogeneity of variance (Ps>.03), there was no effect on screens viewed and on perceived cognitive load (all Ps>.14).

Conclusions: Through deployment of the UCD process, a point-of-care medication recommender app holds promise of improving
adherence to evidence-based guidelines; in this case, those from the American Diabetes Association. Task-time performance
suggests that with practice the T2DM app may support a more efficient ordering process for providers, and SUS scores indicate
provider satisfaction with the app.
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Introduction

Background
Diabetes affects roughly 34.2 million Americans, 90-95% of
whom have type 2 diabetes mellitus (T2DM) [1]. Another 88
million adults in the United States have a condition called
prediabetes, which puts them at risk for T2DM [1]. In addition
to the quality-of-life challenges associated with managing the
disease, T2DM can be associated with an array of complications,
including kidney failure, blindness, and amputation of a toe,
foot, or leg [2]. Every year, an estimated US $237 billion of the
health care budget is spent on treating and managing the disease
[2].

The high costs and suboptimal outcomes associated with T2DM
may be associated at least in part with variability of care. For
example, studies have shown that maintaining goal glycated
hemoglobin (HbA1c) values can prevent or delay diabetes-related
complications and decrease direct medical costs [2,3]. However,
studies demonstrate significant variability in care paths for
people diagnosed with T2DM [4], despite existing guidelines
for specific lines of care; this negatively impacts their ability
to achieve key health outcomes. This gap between care
recommended by evidence-based guidelines and care delivered
in practice is due in part to the sheer volume of information that
providers must routinely digest as evidence and
recommendations continually evolve.

Over the past decade, point-of-care clinical decision support
systems (CDSSs) have emerged as one approach to close this
gap. These systems can manifest as order sets, computerized
alerts and reminders, digital guidelines, and clinical workflow
tools designed to augment and support provider capabilities.
Core functions of these software applications include
summarizing patient facts, visualizing trends, supporting
documentation, generating reminders, and making therapy
recommendations to the provider [5,6].

CDSSs generally support the provider by (1) pulling together
relevant patient facts in a manner that is efficiently assessed,
and (2) bringing up-to-date, evidence-based clinical guidelines
to the point of care where clinical decisions are made. Sutton
et al [5] identified benefits of adoption along with risks that
should be mitigated through strategic design. For example, a
CDSS may elevate adherence to clinical guidelines, but it may
risk creating excessive trust in the system without appropriate
checks. Improved retrieval and presentation of patient data
through a CDSS may support better choices in treatment, but
it also risks disrupting existing workflow if usability is not
adequately evaluated. Determining the success of clinical
decision support (CDS) tools ultimately depends on measurable
improvements in the quality of care. The literature provides
examples of improvements in process-related and clinical
outcomes [4]. For example, in randomized trials, CDS

interventions have been associated with increased hemoglobin
testing rates and with steeper declines in measured HbA1c

levels—an indication of glycemic control [6-9].

Measurable quality-of-care improvements are dependent on
good CDSS design. Sim et al [10] developed and tested a
web-based CDS tool, a diabetes dashboard that provided graphic
summarization of laboratory results and was intended to
facilitate the interpretation of results and flag tests needed by
the patients. User testing demonstrated performance advantages
over the electronic health record (EHR) for recognition of
abnormal test results, identification of long-term trends, and
awareness of which tests were due for repeating. However,
participants using the dashboard were not able to better
determine whether a treatment adjustment was required. The
failure to find a treatment-decision benefit should not be
unexpected given that the dashboard was not designed to make
patient-specific treatment recommendations. The outcome
highlights the need for an interface that supports the processing
of patient facts and leverages evidence-based guidelines.

Objectives
The aim of this study was to evaluate the application of a
user-centered design (UCD) process toward the development
of a prototype software that serves as a medication recommender
for T2DM (the T2DM app). The prototype T2DM app is a
standards-based CDS tool that provides evidence-based
medication recommendations to health care providers with the
aim of improving adherence to the latest evidence-based clinical
guidance and reducing cognitive load for clinicians making
prescribing decisions. The prototype T2DM app integrates into
existing EHR systems that clinicians use as part of standard
practice to review patient records, order tests and prescriptions,
etc.

Methods

Methods Overview
The prototype app development consisted of two phases: (1) a
predevelopment analytic phase to learn about user needs, the
context of use, and specific workflow associated with reviewing
patient facts and ordering medications; and (2) iterative user
testing of the prototype app itself. The validation study with the
final version of the prototype app addressed the following
research questions: (1) is medication ordering with the T2DM
app associated with more medication orders that align with
American Diabetes Association (ADA) evidence–based
guidelines compared to ordering medications with a typical
EHR? (2) Is medication ordering with the T2DM app associated
with faster overall task times compared to ordering medications
with a typical EHR? (3) Is medication ordering with the T2DM
app associated with lower perceived cognitive load (as measured
by the National Aeronautics and Space Administration Task
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Load Index [NASA TLX]) compared to ordering medications
with a typical EHR?

Prototype App Development

Analytic Phase
The analytic work that provided the foundation for the first
interactive prototype entailed the review of ADA guidelines
[11] to determine priorities for the selection of patient facts that
would need to be pulled into the T2DM app from the EHR. The
team also conducted interviews with 8 conveniently selected
clinical leaders from care delivery organizations of significant
scale to learn about the intended users, the context of use, and
the specific workflow in their EHR associated with reviewing
patient facts and ordering medications to manage T2DM.

User Testing Phase
Once the initial prototype was developed on the basis of findings
from the analytic phase, 8 iterative rounds of user testing were
carried out to get feedback on different parts of its evolving
design. These were conducted remotely from May 4 to October
2, 2020, owing to COVID-19 restrictions, and each session was
recorded. For each round of user feedback, a sample of
prescribers were included in 1-hour, one-on-one test sessions
with the prototype app. In total, 16 participants were recruited
directly from a single large provider network, and the remaining
participants were recruited via a national third-party recruitment
service. The latter were compensated at the prevailing market
rate for physicians, physician assistants, and nurse practitioners.
In total, 25 MD physicians, 11 nurse practitioners, and 15
physician assistants participated in the user testing. We used a
talk-aloud method for data collection while prescribers reviewed
and ordered medications with the prototype.

In addition, during 5 of the 8 rounds of user testing, participants
completed the System Usability Scale (SUS) questionnaire at
the end of their sessions (for logistical reasons [sample size and
participant time], the SUS was not administered in rounds 5, 7,
and 8). The SUS questionnaire is an industry standard for
evaluating the usability of software applications consisting of
10 statements with 5 response options (ranging from “Strongly
Disagree” to “Strongly Agree”) to each question. The statements
are as follows:

• I think that I would like to use this system frequently.
• I found the system unnecessarily complex.
• I thought the system was easy to use.
• I think that I would need the support of a technical person

to be able to use this system.
• I found the various functions in the system were well

integrated.
• I thought there was too much inconsistency in this system.
• I would imagine that most people would learn to use this

system very quickly.
• I found the system very cumbersome to use.
• I felt very confident using the system.
• I needed to learn a lot of things before I could get going

with this system.

The SUS survey yields a single number that represents a
composite measure of the overall perceived usability of the
system. SUS scores have a range of 0 to 100 and the score is a
relative benchmark that is used against other iterations of the
system. The SUS is a reliable and valid measure of system
satisfaction. Sauro [12] reports that the average SUS score from
500 studies across various products (eg, websites, cellphones,
and enterprise systems) and across different industries is 68. A
SUS score above 68 is considered above average and anything
below 68 is below average.

Validation Study

Participants
In total, 43 participants completed the 2-hour remote evaluation
study of the prototype T2DM app that was developed and
refined through the user testing phase. Participants were
recruited via a national third-party recruitment service. The
study population included 21 MD and 22 non-MD physicians
(5 nurse practitioners, 5 physician assistants, 6 nurses, and 6
pharmacists). To be included in the study, candidates were
required to (1) have at least 1 year of experience treating T2DM,
preferably in a family or internal medicine practice; (2) currently
prescribe, prescribe on behalf of, or provide medication
recommendations as part of their current role; and (3) currently
interact with 15 or more patients per day. Participant
compensation was set at the prevailing market rate for physician
assistants, nurse practitioners, pharmacists, and nurses.

Medical and legal review were conducted to ensure no aspect
of clinical or legal regulations or ethical considerations were
overlooked. Formal institutional review board or ethical review
was not required in the study because no protected health
information was included, and participation was limited to
usability testing and providing feedback about the app. No
private information about participants was collected or included
in the analysis and study. All participants gave verbal consent
and were reimbursed for their time.

A Universal Design framework was followed for accessibility
and to accommodate a wide range of people (eg, people with
color blindness), and care was taken to convert typical in-person
interaction to virtual to avoid exposure to COVID-19.

Stimuli
The prototype T2DM app (Figure 1) pulls data from the EHR
to present patient information in a user-friendly way on the left
side of the screen. The right side of the screen displays a list of
current diabetes medications, evidence-based recommendations
based on the latest ADA guidelines, and a table of on- and
off-guideline medications for ordering. In addition to the
prototype T2DM app, a second prototype that is a close
representation of a commercial EHR user interface was
developed for use in the validation study (Figure 2). Both
prototypes (the mock EHR and the T2DM) presented mock
patient facts that simulate patients with T2DM. The workflow
was captured as each participant interacted with both prototypes
(Figures 3 and 4).
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Figure 1. A screenshot of the prototype T2DM app. A1C: glycated hemoglobin, ASCVD: atherosclerotic cardiovascular disease, CHF: congestive
heart failure, CKD: chronic kidney disease, eGFR: estimated glomerular filtration rate.

Figure 2. A screenshot of the mock electronic health record. BP: blood pressure.
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Figure 3. Schematic of workflow to complete an ordering task in an EHR that includes the integrated prototype T2DM app. EHR: electronic health
record, T2DM: type 2 diabetes mellitus.

Figure 4. Mock medication ordering screen in the electronic health record. DPP-4i: dipeptidyl peptidase 4 inhibitor, GLP-1RA: glucagon-like peptide-1
receptor agonist, SGLT2i: sodium/glucose cotransporter-2 inhibitor, SU: sulfonylurea, TZD: thiazolidinedione.

Apparatus and Test Environment
The study was conducted between March 15 and 19, 2021, and
because of continued COVID-19 social distancing restrictions,
the test sessions were conducted remotely via a usability testing
platform (Loop11) or via a web conference tool (Zoom or
WebEx). One independent moderator was present with the
participant throughout the session. Several sessions were
observed by members of the product development team; two
of the observing team members and the moderator asked
participants clarifying questions during the session. The
participants employed their own computers to display and
interact with the apps. Although the environment with respect
to seating, lighting, sound levels, temperature, and humidity
varied, participants were most generally seated at a table or desk
in a personal space within their home. In most cases, the
participants shared their screens and interacted with the apps
on their own desktops. In several cases, the moderator shared

their screen and passed control of mouse and keyboard to the
participant.

The method of data capture depended on the platform employed
in the session. The Loop11 platform captured videos, task time,
and screen review data; the web conference tools captured video
only. In all cases, a notetaker recorded participant responses,
and medication orders were collected manually from screen
shots taken during the time of the study and determined by video
review.

Participants also completed the Kano Model Survey. The Kano
Model is a tool that can be used to prioritize the critical to
quality characteristics, as defined by the voice of the customer
[13]. The three categories identified by the model are as follows:
(1) Must-Have: whatever the quality characteristic is, it must
be present, such that if it is not, the customer will go elsewhere!
(2) Linear or Performance: the better we are at meeting these
needs, the happier the customer is. (3) Exciter or Delighter:
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those qualities that the customer was not expecting but received
as a bonus.

The task data collected included “pass” or “fail” (medication
order adheres or does not adhere to evidence-based
recommendations), task time, subjective comments from the
Kano Model Survey, and video recordings of the computer
screen and audio.

Study Design
The study employed a 2 (Group) × 2 (Time Period) mixed model
simulated-use design (shown in Figure 5). Participants were
randomly assigned to one of two groups (Traditional, Tool)
with the constraint that each group was comprised of 50% MDs
and 50% other medical licenses. Participants in both groups
were asked to review two sets of eight mock patients and order
diabetes medications. Participants in the Traditional group
employed the mock EHR for reviewing and ordering in Period
1 and employed the prototype T2DM app for reviewing and
ordering in Period 2. Participants in the Tool group employed
the prototype T2DM app in both time periods. Both groups were

afforded the opportunity to access any online resources that are
typically used as part of their medication decision-making (eg,
websites such as UpToDate, ADA evidence-based guidelines).

Each reviewing and ordering period was followed by
administration of the NASA TLX to measure the perceived
cognitive load associated with that performance period [14].
The NASA-TLX solicits ratings for mental demand, physical
demand, temporal demand, performance, effort, and frustration
on a scale from “Very Low” to “Very High.” The web-based
interface presented the scale as 10 radio buttons that were not
numbered; responses were coded 0-100 consistent with extant
literature [14]. Pairwise rankings of the indices were collected
to generate weights for computation of the TLX score.

The data were analyzed to test the hypothesis that providers
would more frequently align their orders with the ADA
evidence-based guidelines when using the T2DM app, and that
the process would be more efficient and less taxing. The
hypothesis predicts performance advantages for the Tool group
during the first period, and a greater change in duration for
Traditional group in Period 2.

Figure 5. Schematic of the study design. EHR: electronic health record, TLX: Task Load Index.

Procedure
Each 2-hour session was conducted individually and began with
guidance about the resolution of technical difficulties associated
with the employed platforms and the informed consent process.
The overall study process for both participant groups is shown
in Figure 3.

Period 0

Orientation of participants to the EHR prototype. The moderator
walked participants through the user interface and then
participants completed 2 practice trials reviewing mock patient
facts and ordering diabetes medications using traditional EHR
methods. The purpose of the orientation was to ensure that
participants understood the task. Both groups experienced the
same protocol for this period.

Training Period

Orientation to the prototype T2DM app. The moderator walked
participants through the user interface and then participants
completed two practice trials reviewing mock patient facts and
ordering diabetes medications using the prototype T2DM app.
The Tool group experienced this protocol immediately before

Period 1; the Traditional group experienced this protocol
immediately before Period 2.

Period 1

Participants reviewed a set of 8 mock patients and ordered
diabetes medications on the basis of each mock patient’s facts.
Participants were instructed to complete each order within 5
minutes and to do so as though they were at work. Participants
in the Traditional group employed the mock EHR during this
period; participants in the Tool group employed the prototype
T2DM app.

TLX 1

Participants completed the NASA TLX survey aimed to measure
perceived mental cognitive load for the tasks completed in
Period 1.

Period 2

Participants reviewed another set of 8 mock patients and ordered
diabetes medications on the basis of each mock patient’s facts.
As in period 1, participants were instructed to complete each
order within 5 minutes and to do so as though they were at work.
Participants in both groups employed the prototype T2DM app.
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TLX 2

Participants completed the NASA TLX survey aimed to measure
perceived cognitive load for the tasks completed in Period 2.

Data Analysis
We analyzed data using SPSS (version 25.0; IBM Corp).
Dependent variables in the study (percent adherence to
evidence-based guidelines, task time, screens reviewed, and
perceived workload rating) were all subjected to a 2 × 2 mixed
model analysis of variance (ANOVA) with Period (Period 1 vs
Period 2) as the within-subjects factor and Group (Traditional
vs Tool) as the between-subjects factor. Statistical significance
was accepted at a level of P<.05.

Results

Prototype App Development

User Testing
Each round of user testing focused on different elements of the
prototype app while also iteratively reviewing changes that
resulted from the previous round or rounds. Changes became
smaller and more focused with each successive round of testing
until the final version was reached after round 8. Table 1
provides information about each round.

Table 1. Focus and results for each round of user testing.

Changes informed by resultsUser testing focusRound

Patient fact details, medication ordering workflow,
and user interface improvements

What clinical information prescribers used to inform medication ordering, medica-
tion ordering workflow, and visual presentation of information on the left side of
the screen

1

Patient facts details, order summary screen, and medi-
cation details relevant to prescribers

What additional clinical information prescribers needed to inform diabetes medica-
tion ordering, details of the patient facts, and on and off guidelines for evidence-
based prescribing

2

Patient fact details, on and off guideline medication
details, and order summary screen

Adequacy of clinical information for prescribers to make appropriate medication
decisions

3

Prioritization of included featuresImportance of various features for prescribers (eg, patient facts, clinical drivers, on
and off guideline evidence–based medication table, and ordering)

4

User workflow and interface designEase of use for finding patient facts and ordering medication5

User workflow and interface designEase of use for updated interface design6

Ordering and discontinuing workflowEase of use for finding patient facts and ordering or discontinuing medication7

Presentation of information in user guide and product
information

Utility and clarity of app user guide and product information8

Subjective Comments
Comments made by user testing participants (Table 2) were
used in determining design changes for each round.

Table 2. Sample comments from user testing.

CommentsContext

On laboratory results and interpre-
tation

• “I’m the one with the medical degree, not the computer. I need to know where things are coming from.”
[estimated glomerular filtration rate finding]

Presentation of clinical drivers • “It’s amazing…I really like the way it pulls clinical drivers into one location so you can drive your recom-
mendations based on that.”

• “I'm not necessarily going to trust an app to be the end goal. If it has an explanation, I might have a little
more trust.”

Presentation of medication cost • “Cost should be specific to the patient’s insurance in order to be useful”

Flagging allergies • “You need to know that [allergies] if you are looking at medications…. I would want that {allergies}to be
more prominent.”

Drug utilization review checking
in electronic medical records

• ”I didn’t realize it would take me to the EMR, I thought I would be able to do it through the app.”
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SUS
The SUS scores were “average” or “above average” on each of
the rounds of user testing where measured (Table 3). While the

averages for rounds 1-4 were all above 68, the lower average
for round 6 resulted from using an alternate design that
participants perceived as less user-friendly; this design was
subsequently abandoned in favor of the earlier design.

Table 3. System Usability Scale scores for 5 of the 8 rounds of user testing.

Scores, n (individual scores)Score rangeAverage scoreRound

7 (80, 87.5, 87.5, 87.5, 82.5, 60, 95)60-95831

6 (75, 65, 77.5, 72.5, 75, 75)65-78732

8 (95, 80, 62.5, 90, 97.5, 100, 85, 75)63-100863

6 (72.5, 87.5, 77.5, 95, 62.5, 90)63-95814

5 (50, 60, 90, 60, 77.5)50-78686

Validation Study

Combined Kano Model Study Results
In total, 14 of the validation study participants responded to the
Kano Model Survey (Figure 6).

Figure 6. Kano Model Survey results. A1C: glycated hemoglobin, eGFR: estimated glomerular filtration rate, EMR: electronic medical record, UACR:
urine albumin-creatinine ratio.

Alignment With Evidence-Based Guidelines
Orders were scored as pass if the participant ordered any
medications that were on-guideline, discontinued any
medications not aligned with guidelines (ie, a recommended
discontinuation) or if the guidelines recommended against
medication changes, and fail if any ordered medication was
off-guideline.

The mean percentage adherence to ADA evidence-based
guidelines is shown in Figure 7. There was a main effect of

Group on adherence to guidelines (F1,41=8.99, P=.005,

=0.18). As hypothesized, medication ordering by the Tool
group was more frequently aligned with guidelines (mean 92.1)
than it was by the Traditional group (mean 84.2). Furthermore,
there was a main effect of Period on adherence to guidelines

(F1,41=37.63, P<.001, =0.48). Medication ordering in Period
2 was more frequently aligned with guidelines (mean 93.7) than
it was during Period 1 (mean 82.6).
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Figure 7. Adherence to American Diabetes Association evidence-based guidelines.

However, there was a significant Group × Period interaction

(F1,41=45.43, P<.001, =0.53). For the Traditional group,
ordering was more aligned with guidelines during Period 2,
when the T2DM Tool was first introduced (mean 96.2), than it
was in Period 1 (mean 72.0; t20=–8.47, P<.001). For the Tool
group, ordering was similarly aligned to guidelines during Period
1 (mean 92.6) and Period 2 (mean 91.5; t21=0.46, P=.65).

Of particular interest was a planned comparison between groups
during Period 1. As hypothesized, medication ordering by the
group using the prototype T2DM app was more frequently
aligned to ADA evidence–based guidelines (mean 92.6) than
medication ordering was by the group using the mock EHR
(mean 72.0; t41=–6.20, P<.001).

Task Time
Measurement of task times were impacted by technology issues
(ie, poor internet connections), which resulted in extreme task
times. Extreme task times were excluded based on a cutoff of
3 SD. Task time SDs were calculated using all available task
time data. Task times greater than (and less than 3 SD) were
excluded from the data analysis (ie, from the computation of
each participant’s mean for each period). The percentage of
trials removed by the 3 SD trim was 1.8%. There were no task
times 3 SD below the mean because that was a negative value.

The mean task time used for the completion of orders is shown
in Figure 8. There was no main effect of Group on task time

(F1,41=1.46, P=.23, =0.03), but there was a main effect of

Period (F1,41=26.70, P<.001, =0.39). Medication ordering
time was lower during Period 2 (mean 117.2) than it was in
Period 1 (mean 133.4).

Figure 8. Task times during prescribing.
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There was also a significant Group × Period interaction

(F1,41=5.23, P=.03, =0.11). The Tool group completed
prescription orders more quickly during the second period (mean
107.7) than the first period (mean 130.7; t21=6.49, P<.001). For
the Traditional group, task time did not significantly differ
between Periods 1 (mean 136.1) and Period 2 (mean 127.2;
t20=1.74, P=.10). Finally, Period 1 task times also did not
significantly differ between the two groups (t41=0.50, P=.62).

Screens Reviewed During Prescribing
For technical reasons, screen review data was not captured for
9 participants from the Traditional group and 5 participants
from the Tool group.

There was no main effect of Group on the number of screens

reviewed (F1,26=0.51, P=.48, =0.02), and there was no main

effect of Period (F1,26=0.73, P=.40, =0.03). Because the
variance was found to be unequal across groups (by Box M and
Levene tests), to reduce the probability of type 1 error, the α
level was adjusted accordingly to be increasingly conservative
(α’=.001). Based on the adjusted α level, there was no Group

× Period interaction effect (F1,26=7.16, P=.01, =0.22).

Perceived Cognitive Load (NASA TLX)
Of the 43 participants, 9 participants from the Traditional group
and 6 participants from the Tool group were not able to complete
the survey for logistical or technical reasons.

There was no main effect of Group on the NASA TLX score

(F1,34=2.30, P=.14, =0.06), and there was no main effect of

Period (F1,34=2.13, P=.15, =0.06). There was no significant

Group × Period interaction (F1,34=0.23, P=.64, =0.01).
Finally, the perceived workload associated with Period 1 did
not significantly differ between the two groups (t34=1.14,
P=.26).

Effect of Provider Type
As part of our analysis, we attempted to evaluate the effect of
provider type on the studies using mixed ANOVAs with the
clinical role (MD vs non-MD physicians) between subjects and
test period (Period 1 and Period 2) within subjects. There was
no significant main effect of clinical role on adherence to

guidelines (F1,41=4.05, P=.05, =0.09), and role × time

interaction (F1,41=1.87, P=.18, =0.04). Furthermore, there
was no significant main effect of clinical role on test period

(F1,41=3.86, P=.06, =0.09), and role × time interaction

(F1,41=.79, P=.38, =0.02). Provider type analysis was not
conducted for other parts of the study, partly owing to the
sample size and initial findings.

Discussion

App Effectiveness, Efficiency, and User Satisfaction
This applied study aimed to develop a prototype medication
recommender (T2DM) app via a thorough UCD process and
evaluate the design for effectiveness, efficiency, and user
satisfaction. The prototype T2DM app is considered effective
if it supported care decisions that better aligned with
evidence-based guidelines and more efficient as measured by
reduced task time or reduced cognitive load for participants.

For the primary research question of whether medication
ordering with the prototype T2DM app would be more
frequently aligned to ADA evidence–based guidelines than
medication ordering without the app and using the mock EHR
(ie, app effectiveness), the prototype T2DM app proved effective
when measured within as well as between participants. Providers
who ordered medications using the mock EHR first became
more aligned to ADA guidelines when they switched to the
prototype T2DM app. When comparing the method employed
in the first period, the group of providers that used the T2DM
app were more aligned to ADA guidelines than the group that
used the mock EHR.

For the primary research question of whether medication
ordering with the prototype T2DM app would be accomplished
more quickly than that without the app (with the mock EHR;
ie, app efficiency): medication ordering was accomplished more
quickly in the second period, which can reasonably be expected
owing to practice. When comparing methods employed in the
first period, the group of providers that used the prototype
T2DM app did not complete their medication ordering more
quickly than the group that used the mock EHR. However, the
group that used the prototype T2DM app in both time periods
improved more during the second period than the group that
switched from the mock EHR to the prototype T2DM app. This
outcome suggests that providers may be more efficient when
using the T2DM app, but not until they have become more
familiarized with its display and features. The greater efficiency
in the second period for the tool-only group compared to the
EHR group is likely owing to the inherent design and features
of the prototype app: it is fit-for-purpose, avoids navigation
distractions in the chart, and pulls information from different
parts of the EHR to prefill the clinical facts. There was also no
significant effect of the difference in provider type in alignment
to guidelines or task times.

For the primary research question of whether medication
ordering with the prototype T2DM app would be accomplished
with lower perceived cognitive load than that without the app
(with the mock EHR; ie, app efficiency), NASA TLX scores
were generally low. Although benchmarking is not possible
with the TLX, a published analysis of 237 studies would place
our overall mean of 42.5 at approximately the 35th percentile
[15]. Clearly, medication ordering was not exceptionally taxing
with either interface, but the failure to find differences should
not be interpreted as a floor effect. Despite changes in ordering
behavior, the perceived cognitive load was relatively stable.
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Finally, the prototype T2DM app was evaluated for user
satisfaction throughout the iterative rounds of user testing. SUS
scores throughout the iterative design process were at or above
68, which is considered average across industries. Round 6, the
last iterative user testing during which the SUS was
administered, had an average SUS score of 68. This was the
lowest average SUS score obtained during the design process.
The design evaluated in Round 6 went against several good user
interface principles, and the prototype was not as interactive as
the previous prototypes; hence, participants were not able to
experience many of the previously identified valuable features.
SUS scores for EHR systems have been shown to be lower than
the average (68) from across different industries [12]. Melnick
et al [16] benchmarked EHR usability by having 870 physicians
complete the SUS questionnaire on the basis of their experiences
with their own EHR system. The mean SUS score was 45, a
score characterized as not acceptable and given a grade of F.
Thus, although we caution against making direct comparisons,
these data provide a favorable background for considering the
usability of the prototype T2DM app.

The information from this prototype testing will contribute to
the development of a real CDS-T2DM app, which will leverage
SMART (Substitutable Medical Applications and Reusable
Technologies) on FHIR (Fast Healthcare Interoperability
Resource) technology. It is important to note that clinical
decision support apps may be subject to FDA (Food and Drug
Administration) review and approval. The scope of FDA
oversight and compliance with any related regulatory
requirements was beyond the scope of this study on the
prototype app.

Limitations
We acknowledge some limitations of our study, including (1)
a small sample size, (2) participant attrition in certain rounds

of the study and NASA TLX assessment, and (3) difference in
platforms for observation (The Loop11 platform captured
videos, task time and screen review data; the web conference
tools captured video only). Furthermore, owing to the limited
sample size, we were neither able to reliably assess the effect
of provider type (MD vs non-MD physicians) across the studies
nor the impact of speed to adoption on task time. We believe
that additional research is needed to further evaluate the
effectiveness and efficiency of the T2DM app as it launches
and becomes more widely used.

Conclusions
T2DM and prediabetes affect millions of Americans, often
resulting in harmful complications, additional chronic
conditions, disability, premature death, and significant patient
and system costs. Adherence to clinical treatment guidelines
can improve patient health outcomes and reduce patient and
system costs. Complexity of medical guidelines combined with
limitations on providers’ time can impede guideline adherence.
While CDSSs can help, lack of user involvement in their
development can further impede progress and result in mistrust
in technology solutions.

Through deployment of the UCD process, we developed a
prototype of a medication recommender app that promises to
improve adherence to ADA evidence–based guidelines and
support a more efficient and user-friendly ordering process for
the provider in the management of T2DM. CDSSs offer
promising solutions for closing the gap between provider
behavior and evidence-based practice, and this study suggests
that realizing their full promise may depend on greater attention
to design from a user-centered perspective. Such a process could
be beneficial in developing effective CDSSs for other conditions
and tasks with associated improvement in quality and costs for
patients, providers, and the health care system.
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Abstract

Background: Mobile health apps, for example, the Tät, have been shown to be potentially effective in improving pelvic floor
muscle training (PFMT) among women, but they have not yet been studied among pregnant women. Adherence to daily PFMT
will improve pelvic floor muscle strength leading to urinary incontinence (UI) improvement during the pregnancy.

Objective: This study aims to document the validation process in developing the Kegel Exercise Pregnancy Training app, which
was designed to improve the PFMT adherence among pregnant women.

Methods: We utilized an intervention mapping approach incorporated within the mobile health development and evaluation
framework. The framework involved the following steps: (1) conceptualization, (2) formative research, (3) pretesting, (4) pilot
testing, (5) randomized controlled trial, and (6) qualitative research. The user-centered design-11 checklist was used to evaluate
the user-centeredness properties of the app.

Results: A cross-sectional study was conducted to better understand PFMT and UI among 440 pregnant women. The study
reported a UI prevalence of 40.9% (180/440), with less than half having good PFMT practice despite their good knowledge. Five
focus group discussions were conducted to understand the app design preferred by pregnant women. They agreed a more
straightforward design should be used for better app usability. From these findings, a prototype was designed and developed
accordingly, and the process conformed to the user-centered design–11 (UCD-11) checklist. A PFMT app was developed based
on the mHealth development and evaluation framework model, emphasizing higher user involvement in the application design
and development. The application was expected to improve its usability, acceptability, and ease of use.

Conclusions: The Kegel Exercise Pregnancy Training app was validated using a thorough design and development process to
ensure its effectiveness in evaluating the usability of the final prototype in our future randomized control trial study.
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Introduction

Background
Urinary incontinence (UI) is defined as an involuntary urinary
leakage [1] and has been affecting up to 57.7% of women in
low-income countries [2]. Pregnancy affects hormonal changes,
which may add an additional risk of UI among adult women
[3]. Additionally, other factors, such as damage to the
periurethral, paraurethral, and pubo-urethral connective tissues,
may occur during pregnancy, labor and delivery, or with obesity,
which may impact the urethra and bladder neck position at rest,
leading to UI [4]. Another recent meta-analysis, which included
studies from 1998 to 2018, stated that about half of pregnant
women (41.0%) experienced UI, and it negatively affects their
quality of life (QoL) [5].

Women with UI had an unpredictable demand to use the
bathroom and became more aware of the bathroom location
when shopping and traveling. They felt fear and easily frustrated
when they were unable to get to the bathroom on time [6].
During the nighttime, they visited the bathroom a few times,
and their sleep was affected significantly. Interrupted sleep led
to problems in occupational functioning, as well as
psychological functioning, as it worsened depression [7].
Pregnant women may experience a multidimensional negative
impact on QoL, such as social-emotional relationships, physical
activities, employment issues, limitation to travel, sleep
disruption, and obstacles in performing their prayers [8].
Pregnant women who experience UI during pregnancy reported
having 5 times the risk of having UI during their postpartum
period [9]. Therefore, there is an urgent need to screen and treat
them as early as possible by performing pelvic floor muscle
training (PFMT).

PFMT or Kegel exercise is an essential exercise among pregnant
women. Strengthening their pelvic floor muscles is
recommended as it is minimally invasive and does not involve
any complications [1,10]. The advantages of the exercise are to
shorten the duration of the second stage of labor, reduce severe
perineal lacerations [11], and shorten the painful experience of
the postpartum period. Pregnant women should be aware of the
benefit and be able to perform the correct techniques of the
exercise.

Regretfully, not all pregnant women are aware of PFMT despite
UI affecting their daily activities because PFMT uptake may
be constrained by the antenatal service provision or challenges
in accessing services at a primary care clinic [12]. Pregnant
women experience challenges related to PFMT education as it
involves an individualized approach, for example, the specific
language, different levels of health literacy, and cultural
variations [13]. In some cultures, the anatomical involvement
may be sensitive to certain women [14], leading to necessary

adjustments in disseminating the correct information of PFMT
according to those cultures.

Additionally, there may be limited attention toward pelvic floor
health during pregnancy provided by health care providers
(HCPs) as it may be unclear to whom these professional
responsibilities belong [13]. PFMT is actually under the
responsibility of a physiotherapist; however, pregnant women
are under antenatal care follow-up, which is conducted mainly
in primary care clinics where there is limited access to
physiotherapists [13]. Moreover, the lack of standardized
guidelines, inadequate information, and a lack of continuity of
care may result in organizational variation in antenatal care
services, which worsens the accessibility and acceptability of
PFMT services [13].

Regarding individual factors causing training barriers, only
one-tenth of pregnant women seek help due to the misperception
that UI will resolve by itself [15], assuming that it is “normal”
to have UI, and having a misconception that pelvic training will
lead to miscarriage [16]. Hence, women face difficulties in
achieving the necessary knowledge and skills, resulting in poor
attitude and adherence towards pelvic training [13]. Adherence
to daily training is one of the most important prognostic factors
for PFMT effectiveness in both the short term and longer term
[17]. A new method to disseminate PFMT education is necessary
to manage both (individual and HCPs) barriers.

Mobile Health App
Mobile health (mHealth) is defined as “a medical and public
health practice supported by mobile devices, such as mobile
phones, patient monitoring devices, personal digital assistants,
and other wireless devices” [18]. The National Institute for
Health and Care Excellence Guideline has categorized the
mHealth apps into three-tier functional classifications:

1. Tier A: An app that provides health and social care services
without measurable patient outcomes.

2. Tier B: An app that provides health and lifestyle
information, health monitoring, or patient-health care
professional communication.

3. Tier C: An app with interventions [19].

With regards to the tier C classification, the mHealth app
intervention consists of six items which are (1) addressing
preventative behavior change, such as smoking; (2) addressing
self-management specific behaviors using behavior change
techniques; (3) guiding the treatment; (4) providing active
monitoring, for example, tracking patients’ location; (5)
providing diagnosis, care, or calculated treatment; and (6)
providing or guiding the diagnoses [19].

What makes mHealth a powerful tool for behavior modification
are its strengths, which include its ease of access and
user-friendliness, resulting in its widespread adoption worldwide
[20,21]. mHealth can be used by an individual anywhere, at any
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time, and patients can communicate with health care providers
or even a chatbot on specific issues related to the app they are
using [22,23]. The strength of a well-designed app is the ability
to be well-accepted by the users, change their attitudes, and
reduce the acceptability barriers in receiving health care services.

However, qualitative reviews on midwives reported unfavorable
findings which did not fully support the apps for several reasons
[24]. Midwives were concerned about the accuracy of the apps
[25] and their negative impacts on the patient-professional
relationship, such as shifting the patient’s trust from trusted to
untrusted sources [24]. Hence, there is a need to design a
validated pregnancy mHealth app that has undergone the
necessary steps based on a framework to improve its
effectiveness.

User-Centered Design
An mHealth app needs to be carefully designed to ensure its
impact on the users and its effectiveness. Despite mHealth
becoming popular, there is still limited evidence of its
effectiveness [26], which is most probably due to the unmet
need of incorporating users in the design process [27]. mHealth
apps designed for the users but not with the users will lead to
high rates of technology rejection [28,29]. Hence, mHealth apps
should be designed to fulfill the user’s requirement using a
user-centered design (UCD) framework.

Designing and developing an mHealth app using the
user-centered element by involving the users in all stages has
its robustness and is a gold standard approach in accomplishing
mHealth apps that are useful, easy to use, and satisfying to the
users [30]. For example, an mHealth app on the diet and oral
health for parents of preschool children, which was developed
based on their needs, included information on how to prevent
oral disease in their children and has been scored with good
usability [31]. UCD requires an iterative design process to
understand and internalize the users’ needs, goals, strengths,
limitations, contexts, and intuitive processes [32]. Additionally,
the iterative process includes observing the users’ interaction
with the app during the development process [32]. After
understanding the importance and iterative UCD element, the
app is then developed and incorporated within the software
development life cycle (SDLC), which has been reported as the
most liked technique to develop a high-quality software product
[33].

The mHealth development and evaluation framework was
developed using the iteration SDLC version, and it includes six
stages: (1) conceptualization, (2) formative research, (3)
pretesting, (4) pilot testing, (5) randomized controlled trial, and
(6) qualitative research for further refinement before moving
to a more scaled-up intervention [34].

Conceptualization involved experts’ decisions regarding the
theoretical basis, reviewing the evidence, and planning the
development process via several brainstorming sessions. The
research team includes a persuasion element to improve the
user’s engagement with the app.

Persuasive systems may be defined as “computerized software
or information systems designed to reinforce, change, or shape
attitudes or behaviors or both without using coercion or

deception” [35]. the persuasive system design (PSD) categorized
the 28 strategies into four main categories: primary task support,
dialogue support, credibility support, and social support [35].
Among the most PSD used was the primary task support using
the self-monitoring tracking [36] in physical activity apps.

Formative research, which is the next stage, involved focus
group discussions (FGDs) with pregnant women to determine
how they used the app and which design they preferred to use
on their mobile phones. The pretesting stage, which stressed
the importance of the message context (PFMT adherence), was
set and strengthened the collection of responses from pregnant
women. The reason for the differences was that not all
participants would be able to grasp every message, and key
messages (PFMT) could be repeated in different contexts to
reach more pregnant women.

A pilot study stage was conducted to obtain further feedback
from pregnant women after they had used it over several weeks.
The next stage is the randomized control trial stage aimed at
obtaining rigorous evidence and, finally, a qualitative study to
explore the use of the app in depth.

This study aims to document the validation process of a newly
designed mHealth app called the Kegel Exercise Pregnancy
Training (KEPT) app running on the Android platform. The
KEPT app is intended to deliver training sessions, send
reminders, and chart PFMT and UI symptoms. The expectation
of the app is to deliver the correct method of PFMT efficiently
and conveniently according to the pregnant women’s time and
place, without the need to be in the clinic or consult with
physiotherapists or doctors. The KEPT app is expected to fill
the information gap between clinical visits and has undergone
its usability evaluation by the experts [37].

Methods

Overview
We incorporated an intervention mapping (IM) approach with
a UCD SDLC framework called the mHealth development and
evaluation framework. This study focused on conceptualizing
the app and using the UCD-11 checklist to evaluate the
user-centeredness properties of the app.

Intervention Mapping
IM is a framework that was designed to plan an effective
intervention from the needs assessment up to its evaluation. It
comprises stepwise decision-making in developing,
implementing, and evaluating interventions using
community-based research methods [38,39]. According to
Fernandez et al, the participation from the community is to
ensure that the intervention matches priority population needs
and intervention contexts [39]. The characteristics of this
approach involve three aspects that are applied during the
intervention planning process: (1) participatory planning, (2)
the comprehensive theory used, and (3) an ecological and
systems approach for understanding health problems and
intervening to address them [40].

Intervention development, according to IM, comprises six steps:
(1) demonstrate a comprehensive understanding of the health
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problem; (2) outline the behavioral and environmental outcomes;
(3) identify theory-based and evidence-based behavior change
methods that affect the determinants and translate these into
practical applications that fit the intervention context; (4)
combine the intervention components into a coherent program
that uses delivery channels that fit the context; (5) develop
implementation strategies to facilitate adoption, implementation,
and maintenance of the program; and (6) plan both process and
outcome evaluations to assess program implementation, and
efficacy or effectiveness [39].

Accordingly, the intervention mapping of this mHealth app
involved the stepwise approach from the needs assessment
followed with other steps as illustrated in Figure 1.

The behavior matrix of this intervention can be divided into
knowledge (14 questions), attitude (8 questions), and practices
(4 questions) with regards to pelvic floor muscle exercise
(PFME). The outcomes of the intention are self-efficacy (17
questions) [41] and adherence (6 questions) [42]. A few
examples are listed in Textbox 1. Additional information about
the questionnaire has been presented in the results section and
published elsewhere [43].

This study involved documenting the project identification stage
followed by the user experience design (Figure 2).

Figure 1. Intervention mapping framework of the KEPT app development. APEASE: affordability, practicability, effectiveness and cost-effectiveness,
acceptability, side-effects and safety, equity; KEPT: Kegel Exercise Pregnancy Training; RE-AIM: reach, effectiveness, adoption, implementation,
maintenance; UI: urinary incontinence.
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Textbox 1. Behavior matrix of the KEPT app intervention to assess the determinants of pregnant women’s adherence towards pelvic floor muscle
training. KEPT: Kegel Exercise Pregnancy Training; PFME: pelvic floor exercise; UI: urinary incontinence.

Knowledge (K):

• Pelvic floor muscles involvement in pelvic exercise.

• Benefits of pelvic exercise.

• Methods in performing the pelvic exercise.

Attitude (A):

• I should practice PFME to prevent or treat UI.

• I should practice PFME to prevent uterine prolapsed.

• I feel that PFME is boring.

Practice (P):

• I had performed PFME when I was not pregnant.

• I have spent time performing PFME.

• I have tried to search for information regarding PFME.

Outcomes:

• Self-Efficacy (SE; how confident you can):

• Perform pelvic exercises on your own.

• Remember to perform exercises every day.

• Perform the exercises at least three times a week.

• Adherence (AD):

• I do my exercises as often as recommended.

• I forget to do my exercises.

• I do fewer exercises than recommended by my health care professional.

Figure 2. KEPT app development and evaluation framework. KEPT: Kegel Exercise Pregnancy Training.

In the project identification phase (conceptualization), we
determined pregnant women’s (users) understanding of pelvic
exercise and the severity of this problem (UI) affecting their

QoL. From this foundation, we produced a low-fidelity design,
and we conducted FGDs to find out the users’ experience using
the design.
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Conceptualization
The team assessed the latest evidence regarding the users' UI
and pelvic floor training, finalizing the relevant theoretical
behavioral change to be used and planning the development
process according to the IM.

Cross-Sectional Study
A detailed understanding of at-risk pregnant women was
established by conducting a cross-sectional study at a primary
care clinic [43]. Within this study, we also determined the
prevalence and severity of UI and its impact on participants’
QoL at a primary care clinic (user’s study setting) [43,44]. The
findings from this study provided input for the content of their
educational videos and short notes on PFMT [45,46], which
were captured as frequently asked questions (FAQ).

Behavioral Change Theory
The team brainstormed and decided to identify theory-based
and evidence-based behavior change methods concerning PFMT
and UI. The interventions were found to be effective when they
were developed based on behavioral changed theories, for
example, the social cognitive theory and the health belief model
[47]. Another overarching framework of behavior used to
identify appropriate targets for enhancing adherence in clinical
practice is the capability, opportunity, and motivation-behavior
(COM-B) model [48,49].

The COM-B model states that motivation is a crucial source of
strength to perform a certain behavior, with the assistance from
the capability (physical and psychological) and opportunity
(physical and social) to engage in the behavior [50], and the
strength of motivation to engage in the behavior must be greater
than for any other competing behavior.

Formative Research
A focus group discussion (FGD) study was conducted to
understand which design was preferred by the end users. A
low-fidelity prototype was given to 5 groups of end users as
they chose their preferred design, including their reasoning.

Ethics Approval
This study was conducted according to the guidelines of the
Declaration of Helsinki. The study approvals were obtained in
August 2019 from the Ethics Committee for Research Involving
Human Subjects, Universiti Putra Malaysia
(JKEUPM-2019-368) and the Medical Research and Ethics
Committee (MREC), Ministry of Health Malaysia
(NMRR-19-412-45606).

Results

Conceptualization (Needs Assessment)

Cross-Sectional Study
A cross-sectional study was conducted among 440 pregnant
women in a semi-urban primary care clinic with a response rate
of 72.1% (440/610). The validated study instruments used
consisted of socio-demography, knowledge, attitude, and
practice on PFME and the International Consultation on
Incontinence Questionnaire-Urinary Incontinence Short Form
to determine UI among the respondents. The study reported that
good knowledge, attitude, and practice scores towards pelvic
exercise among pregnant women were 58.0% (255/440), 46.6%
(205/440), and 45.2% (199/440), respectively, with further
details published elsewhere [43]. The result indicated that
pregnant women were not exercising despite having good
knowledge (Table 1).
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Table 1. Socio-demographic data among pregnant women (N=440).

ValueSocio-demographic

29.84 (4.69)Age in years, mean (SD)a

Ethnicity, n (%)

356(80.9)Malay

41 (9.3)Chinese

29 (6.6)Indian

14 (3.2)Others

Financial status, n (%)b

128 (34.5)Less than RM3000

176 (47.4)RM3000-RM6274

59 (15.9)RM6275-RM13147

8 (2.2)RM13148 and above

BMI, n (%)

43 (9.8)Underweight

143 (32.5)Normal

144 (32.7)Overweight

110 (25.0)Obese

History of Cesarean Section, n (%)

181 (69.9)No

78 (30.1)Yes

Previous history UIc, n (%)

354 (80.5)No

85 (19.3)Yes

Pregnancy category, n (%)

170 (38.6)Primigravida

230 (52.3)Multigravida

40 (9.1)Grand multigravida

Trimester, n (%)

53 (12.0)First trimester

152 (34.5)Second trimester

235 (53.4)Third trimester

Category of UI, n (%)

260 (59.1)No UI

95 (21.6)Slight UI

80 (18.2)Moderate UI

5 (1.1)Severe UI

Knowledge on PFMEd, n (%)

185 (42.0)Poor

255 (58.0)Good

Attitude towards PFME, n (%)

235 (53.4)Poor

205 (46.6)Good
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ValueSocio-demographic

Practice on PFME, n (%)

241 (54.8)Poor

199 (45.2)Good

aThe median age is 30.0 years (27-33).
bA currency exchange rate of 1MYR = US $0.24 is applicable. The median income is RM4000 (2000-6000).
cUI: urinary incontinence.
dPFME: pelvic floor muscle exercise.

Pregnant women were unaware that the pelvic floor muscles
were involved in controlling the anus and vagina. Some of them
(184/440, 41.8%) were unaware of the correct duration and
frequency of the exercise (158/440, 35.9%; Table 2). Hence,
pregnant women were unaware of the anatomy of the pelvic
floor muscles and the correct techniques of the pelvic exercise.

Only a quarter of them (111/440, 25.2%) strongly agreed that
they should be taught the exercise and less than a fifth of them
(83/440, 18.9%) agreed to put any effort into doing the exercise

and practicing it. Pregnant women’s attitude toward PFME in
this study was less favorable (Table 3).

Very few of them (15/440, 3.4%) were performing the exercise
whether or not they were pregnant, and only a few of them
(12/440, 12.7%) have been practicing the exercise regularly
(Table 4).

Based on this cross-sectional study, there was a need to have
the PFMT intervention in delivering the correct pelvic exercise
knowledge and self-efficacy improvement among pregnant
women in order to improve their pelvic floor muscle strength.

Table 2. Pregnant women’s responses about their knowledge of pelvic floor muscle exercises.

Correct, n (%)Knowledge on PFMEa

228 (51.8)PFME muscles are situated in the pubic region

196 (44.5)PFME involves muscles in the anal region

49 (11.1)Vagina muscles are not involved in PFME

296 (67.3)PFMb are important in controlling bladder function

80 (18.2)PFM is not involved in controlling the anus

102 (23.2)PFM is not involved in tightening the vagina

193 (43.9)PFME can tighten buttocks muscles

292 (66.4)PFME can prevent UIc during laughing/sneezing/weight bearing

244 (55.5)PFME can prevent/treat uterine prolapse

315 (71.6)PFME can be done at any time

248 (56.4)PFME can be done while performing daily activities

184 (41.8)Muscles involved should be contracted for 8 seconds

170 (38.6)PFM should be contracted 8-10 times per exercise

158 (35.9)PFME should be done at least 3x a day (morning, afternoon, and night)

aPFME: pelvic floor muscle exercise.
bPFM: pelvic floor muscle.
cUI: urinary incontinence.
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Table 3. Pregnant women’s attitude towards pelvic floor muscle exercise.

Strongly agree, n (%)Attitude on PFMEa

45 (10.2)PFME should be done by all women

86 (19.5)I should practice PFME to prevent/treat UIb

72 (16.4)I should practice PFME to prevent uterine prolapse

3 (0.7)I feel that PFME is boring

111 (25.2)PFME should be taught to all antenatal mothers at antenatal clinics

113 (25.7)I support those who want to perform PFME

73 (16.6)I view that PFME can increase sexual satisfaction

83 (18.9)I will put in the effort to search for info about PFME

aPFME: pelvic floor exercise.
bUI: urinary incontinence.

Table 4. Pregnant women’s practice behavior towards pelvic floor muscle exercises.

Always, n (%)PFMEa practices

15 (3.4)I have performed PFME when not pregnant

12 (12.7)I have spent time performing PFME

7 (1.6)I have discussed PFME with friends

12 (2.7)I have tried to search for info about PFME

aPFME: pelvic floor muscle exercise.

Conceptualization (Theoretical Framework)
The theoretical framework of choice was the COM-B model
with a combination of the PSD. The PSD is used with the
COM-B is to reinforce the behavior voluntarily and to shape
the attitude towards PFMT.

The COM-B model that was built into this app was expected
to motivate pregnant women to perform PFMT regularly.
Capability was divided into two subcategories: (1) physical
capability, whereby pregnant women were fit to contract the
affected muscles to perform PFMT, and (2) psychological
capability signifying pregnant women understood the correct
method of performing PFMT.

Opportunity also had two categories: (1) physical opportunity,
such as the KEPT-app itself, and (2) social opportunity in which
pregnant women were able to understand further and perform
PFMT at their own time. Meanwhile, motivation has relationship

with cognitive ability, which boosted women’s confidence to
perform PFMT. There were two types of motivation: (1)
reflective motivation in which pregnant women incorporated
their thought processes to arrange PFMT to be done three times
daily, and (2) automatic motivation in which the pregnant
women adopted PFMT as part of their routine.

Additionally, the COM-B was integrated with the persuasiveness
of the app (Table 5). The KEPT app should be tailored (primary
task support) based on the intensity of the exercise, and users
have the opportunity to self-monitor (primary task support).
The app should be able to send reminders (dialogue support) to
remind the user to perform the exercise at a certain time. The
expertise and authority (system-credibility support) involved
in developing the app are available in the video to convince the
app user. Finally, an app should be designed and developed
from credible and trustworthy sources to bolster users’
confidence and trust.
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Table 5. KEPTa app COM-Bb model with persuasive system design.

Persuasive system designCOM-B model and features of the mHealthc app

Capability

Psychological

System credibility-expertise and authorityEducational video by a registered physiotherapist with an example patient

Physical

Primary support-tailoring.Training timer according to the user’s confidence and capability.

Opportunity

Physical

System credibility-trustworthinessThe KEPT app was produced by our local University

Social

Primary support- TailoringFrequent Asked Question (FAQs) to provide further information

Motivation

Reflective

System credibility-expertise and authorityImprove the understanding of the risks of pelvic floor muscle weakness by watching the video.

Primary task-self-monitoringCalendar charting of the UId symptoms

Automatic

Dialogue support-reminderDaily reminder to perform PFMTe as their routine behavior.

aKEPT: Kegel Exercise Pregnancy Training.
bCOM-B: capability, opportunity, motivation behavior-model.
cmHealth: mobile health.
dUI: urinary incontinence.
ePFMT: pelvic floor muscle training.

Formative Research (Focus Group Discussion)
FGDs were conducted among 24 pregnant women at two
primary care clinics to understand the desirability of the app
design. The participants were invited via purposive sampling
while waiting for their modified oral glucose tolerance test. A
total of 5 sessions were conducted as listed in Table 6.

These interviews were conducted from September to November
2019. The discussion was conducted in a deductive manner to
understand the most preferred user interfaces. The questions
aimed to make the app as simple as possible since the
participants will be using the app 3 times every day. The
low-fidelity app designs were provided, and participants could
select either Figure 3 (with 6 user interfaces) or Figure 4 (with
4 user interfaces).

Study participants were being asked about their experiences
adhering to the exercise:

I have an experience with the PFMT. After I gave
birth, I was selected to be followed up by a
physiotherapist. The physiotherapist instructed me to
perform the PFMT. He then inserted a camera and
showed me the muscles contracted. I just performed
the exercise. I just know how to perform it, and I do

as the physiotherapist instructed to achieve 100 times
a day. I did not count it as I do it regularly everyday
all the time. [Participant #18]

The statement suggested that pregnant women with or without
urinary symptoms were motivated to perform and adhere to the
exercise even after delivery. A correct understanding of PFMT
importance assisted in compliance with daily exercise.

Following this, they were asked to share their opinion regarding
adding PFMT notes into the KEPT app. The majority of study
participants (19/24, 79.1%) preferred the apps without notes
due to the time factor. However, one participant disagreed and
mentioned:

…but it is better to have both notes and video.
Sometimes, I want to know more about the exercise…
[Participant #20]

The response suggested mixed opinions on whether or not to
include additional notes on the exercise.

Finally, regarding the design selection of the app, all the study
participants from the FGD preferred design 2 (a more
straightforward and minimalist concept). A high-fidelity
prototype design was developed based on all the above findings
as illustrated in Figure 5.
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Table 6. Study participants' characteristics and opinions.

FAQcTimerPFMTbUIaOccupationEthnicityAgeID

NoYesYesYesEx-document managerMalay2901

NoYesNoYesPharmacistMalay2502

NoYesNoNoHousewifeMalay2403

NoYesNoNoHousewifeMalay2104

NoYesNoNoGraph designerMalay2505

NoYesNoNoHousewifeMalay2906

NoYesNoNoEngineerChinese3107

NoYesNoNoClerkMalay3108

NoYesNoNoClerkMalay3109

NoYesNoNoClerkMalay2810

NoYesNoNoHousewifeMalay2511

NoYesNoYesHousewifeIndian2312

NoYesNoYesAdminMalay3113

NoYesNoYesEx-Assistant PharmacistMalay2414

NoYesNoYesHousewifeMalay2715

YesYesNoNoAdminMalay2716

YesYesNoNoHousewifeMalay3017

YesYesYesNoStaff NurseMalay3318

YesYesNoNoHousewifeMalay2719

YesYesNoNoHousewifeMalay2120

NoYesNoNoMake-up artistMalay2421

NoYesNoNoHousewifeMalay2222

NoYesNoNoSalespersonMalay1923

NoYesNoNoHousewifeMalay2524

aUI: urinary incontinence.
bPFMT: pelvic floor muscle exercise.
cFAQ: frequently asked questions.
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Figure 3. Low-fidelity design of the KEPT app (six user interfaces). KEPT: Kegel Exercise Pregnancy Training.

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e30989 | p.63https://humanfactors.jmir.org/2022/1/e30989
(page number not for citation purposes)

Jaffar et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 4. Low-fidelity design of the KEPT app (four user interfaces). KEPT: Kegel Exercise Pregnancy Training.

Figure 5. High-fidelity prototype design. KEPT: Kegel Exercise Pregnancy Training.
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Prototype Development
The KEPT app prototype was proposed and discussed with the
developer. The developer has designed the prototype with a
blue color background [37] as illustrated in Figure 6. It consisted
of both languages: Malay and English, whereby common
English words were used. A minimum number of words were
used to ensure the minimalist concept as target users were busy
taking care of their families and/or working. There were 2 timer

sounds: a high-pitch sound for exercise and a low-pitch sound
during 6 seconds of rest. The reminder will be delivered if the
PFMT is not completed at 6 pm on the same day.

The KEPT app interface did not require participants to log out
due to the need to train three times daily. The UCD-11 checklist
has been used as a guide for developing the KEPT app according
to its user-centeredness properties as listed in Table 7.

Figure 6. Prototype KEPT app version 1.0. KEPT: Kegel Exercise Pregnancy Training.

Table 7. UCD-11a Items in the KEPTb app

KEPT appUCD-11 item

Pregnant women with urinary incontinence are involved in the needs assessment. They will
use the app as a supportive tool for self-empowerment to improve their pelvic floor muscle
strength.

Were potential end users (eg, patients, caregivers, family
and friends, and surrogates) involved in any steps to
help understand users (eg, who they are, in what context
might they use the tool) and their needs?

A cross-sectional study to understand the needs assessment [43].Were potential end users involved in any steps of design-
ing, developing, and/or refining a prototype

Study protocol for a randomized control trial has been published for this evaluation [51].Were potential end users involved in any steps intended
to evaluate prototypes or a final version of the tool?

Users’ usability testing study has been completed and is currently under the manuscript
writing process.

Were potential end users asking their opinions of the
tool in any way?

Users’ usability evaluation (think aloud method) study has been completed and is currently
under the manuscript writing process.

Were potential end users observed using the tool in any
way?

1. First iterative was the focus group discussion. 2. Second iterative cycle was with the user’s
usability study. 3. The third iterative cycle is currently being conducted in a pilot feasibility
study [52].

Did the development process have 3 or more iterative
cycles?

The users’ usability study is undergoing its manuscript writing process.Were changes between iterative cycles explicitly report-
ed in any way?

The researcher team includes a family medicine specialist, public health specialist, physio-
therapist, and community health specialist involved during the development of the app.

Were health professionals asked their opinion of the
tool at any point?

A family medicine specialist, public health specialist, and physiotherapist were consulted
before the first prototype was developed.

Were health professionals consulted before the first
prototype was developed?

The research team includes a family medicine specialist, public health specialist, physiother-
apist, and community health specialist

Were health professionals consulted between initial and
final prototypes?

The research team and the software developer were involved in the development of the app.Was an expert panel involved?

aUCD-11: user-centeredness design-11.
bKEPT: Kegel Exercise Pregnancy Training.
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Discussion

The KEPT app was designed and developed from an IM
approach integrated with the mHealth development and
evaluation framework. The COM-B model combined with PSD
may help to improve the target audience’s “trust” towards the
app. Prior to this study, there were few PFMT apps available
on the iOS and Android platforms. However, most of the apps
had minimum specific strategies for enhancing adherence [53].

The cross-sectional study showed a significant association
between UI and knowledge of PFMT (P=.01) and attitude
towards PFMT (P=.01), with poor PFMT practice despite
participants’ knowledge was good [43]. This signified that not
only are the training techniques but knowledge and attitude are
crucial in managing UI among pregnant women. This result
was supported by the FGDs, where one group highly insisted
on having brief notes regarding PFMT via illustration (ie, the
anatomy, physiology, and correct techniques).

Additionally, brief notes or a version of FAQs will serve as an
information accuracy checklist, which is included in one of the
app trustworthiness checklists [54]. Trustworthiness implies
the qualities an individual requires to consider the app as
trustable and consists of information accuracy, transparency,
organizational attributes, societal influences, and external
pressure [54]. Being able to deliver trustable and accurate PFMT
techniques will improve PFMT self-efficacy among pregnant
women, resulting in improved adherence to PFMT.

Pregnant women in this study also stated that they were unaware
of the importance of incorporating good design into mHealth
apps monitoring their daily activities, for example, recording
the baby’s movements. Nevertheless, with all the actionable
features, the KEPT app was designed to enable pregnant women
to adopt PFMT as their new instigation habit. Perhaps, in the
future, the KEPT app may be upgraded by adding an additional
antenatal diary log that may consist of a fetal movement chart,
dietary nutrition, and physical activities.

COM-B was used to select the correct intervention (ie, training
the pelvic floor muscle) based on previous studies [43,44]. The

PSD component of the system’s credibility and trustworthiness
[55], with the expertise involved in the development, may add
to the user’s sense of safety and reliability regarding the KEPT
app. Additionally, the KEPT app’s reminder, self-monitoring,
and PFMT timer were discussed. These three components may
assist pregnant women in signaling the environment, whereby
it is a habit trigger to get prepared for PFMT and go into an
automatic mode [56]. Once the habit has been established, a
person will be inclined to perform the behavior unconsciously
or effortlessly with minimum awareness [57].

The KEPT app was the first app developed for a
pregnancy-related target audience from the UCD approach,
improving its acceptability and engagement [52]. There was an
implication of applying the UCD-11 checklist as it is systematic
and comprehensive, which will assist future researchers in
developing the mHealth app effectively. However, being
iterative for at least three times may have added challenges and
financial complications to comply with. The prototype repeated
needs in terms of to be evaluation, redevelopment, and
re-evaluation may demotivate the researchers and software
developers to undergo the iteration again. The KEPT app is
currently undergoing pilot testing before entering the
randomized control trial phase [51].

This study has a few limitations, such as time constraints and
movement restriction orders. Although the study was conducted
for an appropriate duration, curfew and restriction movement
orders impacted the documentation, administration, and
development of the software due to the COVID-19 pandemic
situation in Malaysia.

Conclusions
The KEPT app was developed from a UCD-based behavioral
change theory and accompanied by the PSD to improve users’
engagement. The integration of the UCD-11 checklist with
COM-B and PSD has prevailed to benefit the target user
effectively. Therefore, it is crucial that the targeted users
evaluate the usability and user acceptance of the final prototype
in our next study.

 

Acknowledgments
The authors would like to thank the Director-General of Health Malaysia for permission to publish this paper. We would like to
acknowledge the clinics’ staff nurses, sisters, and matron involved in assisting the FGDs. The authors would like to thank the
respondents involved in the study. This research was funded by the Geran Putra Berimpak Universiti Putra Malaysia (grant
number UPM/800—3/3/1/GPB/2018/9668500).

Authors' Contributions
AJ contributed to the conceptualization, methodology, visualization, and formal analysis of the study, including resources and
data curation. AJ and NDI contributed to the investigation. AJ, NA, and SNAS drafted and revised the original manuscript. SMS,
NA, SNAS, and CNF revised and edited the manuscript. SMS supervised the study, and AJ and CNF administered the project.
SMS acquired the necessary funding. All authors have read and agreed to the published version of the manuscript.

Conflicts of Interest
None declared.

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e30989 | p.66https://humanfactors.jmir.org/2022/1/e30989
(page number not for citation purposes)

Jaffar et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


References
1. Abrams P, Andersson K, Apostolidis A, Birder L, Bliss D, Brubaker L, members of the committees. 6th International

Consultation on Incontinence. Recommendations of the International Scientific Committee: Evaluation and Treatment of
Urinary Incontinence, Pelvic Organ Prolapse and Faecal Incontinence. Neurourol Urodyn 2018 Sep 14;37(7):2271-2272.
[doi: 10.1002/nau.23551] [Medline: 30106223]

2. Mostafaei H, Sadeghi-Bazargani H, Hajebrahimi S, Salehi-Pourmehr H, Ghojazadeh M, Onur R, et al. Prevalence of female
urinary incontinence in the developing world: A systematic review and meta-analysis-A Report from the Developing World
Committee of the International Continence Society and Iranian Research Center for Evidence Based Medicine. Neurourol
Urodyn 2020 Apr;39(4):1063-1086. [doi: 10.1002/nau.24342] [Medline: 32243626]

3. Sangsawang B. Risk factors for the development of stress urinary incontinence during pregnancy in primigravidae: a review
of the literature. European Journal of Obstetrics & Gynecology and Reproductive Biology 2014 Jul;178:27-34. [doi:
10.1016/j.ejogrb.2014.04.010]

4. Falah-Hassani K, Reeves J, Shiri R, Hickling D, McLean L. The pathophysiology of stress urinary incontinence: a systematic
review and meta-analysis. Int Urogynecol J 2021 Mar;32(3):501-552 [FREE Full text] [doi: 10.1007/s00192-020-04622-9]
[Medline: 33416968]

5. Moossdorff-Steinhauser HFA, Berghmans BCM, Spaanderman MEA, Bols EMJ. Prevalence, incidence and bothersomeness
of urinary incontinence in pregnancy: a systematic review and meta-analysis. Int Urogynecol J 2021 Jul;32(7):1633-1652
[FREE Full text] [doi: 10.1007/s00192-020-04636-3] [Medline: 33439277]

6. Maeda N, Urabe Y, Suzuki Y, Hirado D, Morikawa M, Komiya M, et al. Cross-Sectional Study of the Prevalence and
Symptoms of Urinary Incontinence among Japanese Older Adults: Associations with Physical Activity, Health-Related
Quality of Life, and Well-Being. IJERPH 2021 Jan 06;18(2):360. [doi: 10.3390/ijerph18020360]

7. Przydacz M, Skalski M, Sobanski J, Chlosta M, Raczynski K, Klasa K, et al. Association between Lower Urinary Tract
Symptoms and Sleep Quality of Patients with Depression. Medicina 2021 Apr 19;57(4):394. [doi: 10.3390/medicina57040394]

8. Al Kiyumi MH, Al Belushi ZI, Jaju S, Al Mahrezi AM. Urinary Incontinence Among Omani Women: Prevalence, risk
factors and impact on quality of life. Sultan Qaboos Univ Med J 2020 Feb;20(1):e45-e53 [FREE Full text] [doi:
10.18295/squmj.2020.20.01.007] [Medline: 32190369]

9. Wang K, Xu X, Jia G, Jiang H. Risk Factors for Postpartum Stress Urinary Incontinence: a Systematic Review and
Meta-analysis. Reprod Sci 2020 Dec;27(12):2129-2145. [doi: 10.1007/s43032-020-00254-y] [Medline: 32638282]

10. Woodley SJ, Lawrenson P, Boyle R, Cody JD, Mørkved S, Kernohan A, et al. Pelvic floor muscle training for preventing
and treating urinary and faecal incontinence in antenatal and postnatal women. Cochrane Database Syst Rev 2020 May
06;5:CD007471. [doi: 10.1002/14651858.CD007471.pub4] [Medline: 32378735]

11. Sobhgol SS, Smith CA, Dahlen HG. The effect of antenatal pelvic floor muscle exercises on labour and birth outcomes: a
systematic review and meta-analysis. Int Urogynecol J 2020 Nov;31(11):2189-2203. [doi: 10.1007/s00192-020-04298-1]
[Medline: 32506232]

12. Moltu C, Stefansen J, Svisdahl M, Veseth M. Negotiating the coresearcher mandate - service users' experiences of doing
collaborative research on mental health. Disabil Rehabil 2012;34(19):1608-1616. [doi: 10.3109/09638288.2012.656792]
[Medline: 22489612]

13. Salmon VE, Hay-Smith EJC, Jarvie R, Dean S, Terry R, Frawley H, et al. Implementing pelvic floor muscle training in
women's childbearing years: A critical interpretive synthesis of individual, professional, and service issues. Neurourol
Urodyn 2020 Feb;39(2):863-870 [FREE Full text] [doi: 10.1002/nau.24256] [Medline: 31845393]

14. Grant A, Currie S. Qualitative exploration of the acceptability of a postnatal pelvic floor muscle training intervention to
prevent urinary incontinence. BMC Womens Health 2020 Jan 17;20(1):9 [FREE Full text] [doi: 10.1186/s12905-019-0878-z]
[Medline: 31952500]

15. Moossdorff-Steinhauser HFA, Berghmans BCM, Spaanderman MEA, Bols EMJ. Urinary incontinence during pregnancy:
prevalence, experience of bother, beliefs, and help-seeking behavior. Int Urogynecol J 2021 Mar;32(3):695-701 [FREE
Full text] [doi: 10.1007/s00192-020-04566-0] [Medline: 33078344]

16. Bayat M, Eshraghi N, Naeiji Z, Fathi M. Evaluation of Awareness, Adherence, and Barriers of Pelvic Floor Muscle Training
in Pregnant Women: A Cross-sectional Study. Female Pelvic Med Reconstr Surg 2021;27(1):e122-e126. [doi:
10.1097/spv.0000000000000852]

17. Dumoulin C, Hay-Smith J, Frawley H, McClurg D, Alewijnse D, Bo K, International Continence Society. 2014 consensus
statement on improving pelvic floor muscle training adherence: International Continence Society 2011 State-of-the-Science
Seminar. Neurourol Urodyn 2015 Sep;34(7):600-605. [doi: 10.1002/nau.22796] [Medline: 25998603]

18. Kay M, Santos J, Takane M. mHealth: New horizons for health through mobile technologies. mHealth: New horizons for
health through mobile technologies. World Heal Organ. Geneva, Switzerland: ;64(7)?71; 2011. URL: https://www.google.com/
url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjZyPyn9Mz1AhWDT2wGHe
4oBrMQFnoECAYQAQ&url=https%3A%2F%2Fwww.who.int%2Fgoe%2Fpublications%2Fgoe_mhealth_web.
pdf&usg=AOv Vaw0Ugz0yLxYX4J7uCXzyDV7i [accessed 2021-11-30]

19. National Institute for Health Care Excellence (NICE). Evidence Standards Framework for Digital Health Technologies.
National Institute for Health and Care Excellence. URL: https://www.nice.org.uk/corporate/ecd7 [accessed 2021-11-30]

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e30989 | p.67https://humanfactors.jmir.org/2022/1/e30989
(page number not for citation purposes)

Jaffar et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1002/nau.23551
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30106223&dopt=Abstract
http://dx.doi.org/10.1002/nau.24342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32243626&dopt=Abstract
http://dx.doi.org/10.1016/j.ejogrb.2014.04.010
http://europepmc.org/abstract/MED/33416968
http://dx.doi.org/10.1007/s00192-020-04622-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33416968&dopt=Abstract
http://europepmc.org/abstract/MED/33439277
http://dx.doi.org/10.1007/s00192-020-04636-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33439277&dopt=Abstract
http://dx.doi.org/10.3390/ijerph18020360
http://dx.doi.org/10.3390/medicina57040394
http://europepmc.org/abstract/MED/32190369
http://dx.doi.org/10.18295/squmj.2020.20.01.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32190369&dopt=Abstract
http://dx.doi.org/10.1007/s43032-020-00254-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32638282&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD007471.pub4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32378735&dopt=Abstract
http://dx.doi.org/10.1007/s00192-020-04298-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32506232&dopt=Abstract
http://dx.doi.org/10.3109/09638288.2012.656792
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22489612&dopt=Abstract
http://europepmc.org/abstract/MED/31845393
http://dx.doi.org/10.1002/nau.24256
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31845393&dopt=Abstract
https://bmcwomenshealth.biomedcentral.com/articles/10.1186/s12905-019-0878-z
http://dx.doi.org/10.1186/s12905-019-0878-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31952500&dopt=Abstract
http://europepmc.org/abstract/MED/33078344
http://europepmc.org/abstract/MED/33078344
http://dx.doi.org/10.1007/s00192-020-04566-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33078344&dopt=Abstract
http://dx.doi.org/10.1097/spv.0000000000000852
http://dx.doi.org/10.1002/nau.22796
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25998603&dopt=Abstract
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjZyPyn9Mz1AhWDT2wGHe4oBrMQFnoECAYQAQ&url=https%3A%2F%2Fwww.who.int%2Fgoe%2Fpublications%2Fgoe_mhealth_web.pdf&usg=AOvVaw0Ugz0yLxYX4J7uCXzyDV7i
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjZyPyn9Mz1AhWDT2wGHe4oBrMQFnoECAYQAQ&url=https%3A%2F%2Fwww.who.int%2Fgoe%2Fpublications%2Fgoe_mhealth_web.pdf&usg=AOvVaw0Ugz0yLxYX4J7uCXzyDV7i
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjZyPyn9Mz1AhWDT2wGHe4oBrMQFnoECAYQAQ&url=https%3A%2F%2Fwww.who.int%2Fgoe%2Fpublications%2Fgoe_mhealth_web.pdf&usg=AOvVaw0Ugz0yLxYX4J7uCXzyDV7i
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjZyPyn9Mz1AhWDT2wGHe4oBrMQFnoECAYQAQ&url=https%3A%2F%2Fwww.who.int%2Fgoe%2Fpublications%2Fgoe_mhealth_web.pdf&usg=AOvVaw0Ugz0yLxYX4J7uCXzyDV7i
https://www.nice.org.uk/corporate/ecd7
http://www.w3.org/Style/XSL
http://www.renderx.com/


20. Carroll JK, Moorhead A, Bond R, LeBlanc WG, Petrella RJ, Fiscella K. Who Uses Mobile Phone Health Apps and Does
Use Matter? A Secondary Data Analytics Approach. J Med Internet Res 2017 Apr 19;19(4):e125. [doi: 10.2196/jmir.5604]

21. Baharuddin R, Singh D, Razali R. Usability Dimensions for Mobile Applications-A Review. RJASET 2013 Feb
21;11(9):2225-2231. [doi: 10.19026/rjaset.5.4776]

22. Overdijkink SB, Velu AV, Rosman AN, van Beukering MD, Kok M, Steegers-Theunissen RP. The Usability and Effectiveness
of Mobile Health Technology-Based Lifestyle and Medical Intervention Apps Supporting Health Care During Pregnancy:
Systematic Review. JMIR Mhealth Uhealth 2018 Apr 24;6(4):e109 [FREE Full text] [doi: 10.2196/mhealth.8834] [Medline:
29691216]

23. Hauser-Ulrich S, Künzli H, Meier-Peterhans D, Kowatsch T. A Smartphone-Based Health Care Chatbot to Promote
Self-Management of Chronic Pain (SELMA): Pilot Randomized Controlled Trial. JMIR Mhealth Uhealth 2020 Apr
3;8(4):e15806. [doi: 10.2196/15806]

24. Vickery M, van Teijlingen E, Hundley V, Smith G, Way S, Westwood G. Midwives’ views towards women using mHealth
and eHealth to self-monitor their pregnancy: A systematic review of the literature. Eur J Midwifery 2020 Sep
17;4(September):1-11. [doi: 10.18332/ejm/126625]

25. Soltani H, Furness P, Arden M, McSeveny K, Garland C, Sustar H, et al. Women's and Midwives' Perspectives on the
Design of a Text Messaging Support for Maternal Obesity Services: An Exploratory Study. J Obes 2012;2012:835464
[FREE Full text] [doi: 10.1155/2012/835464] [Medline: 22900153]

26. Marcolino MS, Oliveira JAQ, D'Agostino M, Ribeiro AL, Alkmim MBM, Novillo-Ortiz D. The Impact of mHealth
Interventions: Systematic Review of Systematic Reviews. JMIR Mhealth Uhealth 2018 Jan 17;6(1):e23 [FREE Full text]
[doi: 10.2196/mhealth.8873] [Medline: 29343463]

27. Schnall R, Rojas M, Bakken S, Brown W, Carballo-Dieguez A, Carry M, et al. A user-centered model for designing
consumer mobile health (mHealth) applications (apps). J Biomed Inform 2016 Apr;60:243-251 [FREE Full text] [doi:
10.1016/j.jbi.2016.02.002] [Medline: 26903153]

28. Osborne CL, Juengst SB, Smith EE. Identifying user-centered content, design, and features for mobile health apps to support
long-term assessment, behavioral intervention, and transitions of care in neurological rehabilitation: An exploratory study.
British Journal of Occupational Therapy 2020 Oct 07;84(2):101-110. [doi: 10.1177/0308022620954115]

29. Matthew-Maich N, Harris L, Ploeg J, Markle-Reid M, Valaitis R, Ibrahim S, et al. Designing, Implementing, and Evaluating
Mobile Health Technologies for Managing Chronic Conditions in Older Adults: A Scoping Review. JMIR Mhealth Uhealth
2016 Jun 09;4(2):e29 [FREE Full text] [doi: 10.2196/mhealth.5127] [Medline: 27282195]

30. Cornet V, Toscos T, Bolchini D, Rohani Ghahari R, Ahmed R, Daley C, et al. Untold Stories in User-Centered Design of
Mobile Health: Practical Challenges and Strategies Learned From the Design and Evaluation of an App for Older Adults
With Heart Failure. JMIR Mhealth Uhealth 2020 Jul 21;8(7):e17703 [FREE Full text] [doi: 10.2196/17703] [Medline:
32706745]

31. Akmal Muhamat N, Hasan R, Saddki N, Mohd Arshad MR, Ahmad M. Development and usability testing of mobile
application on diet and oral health. PLoS One 2021;16(9):e0257035 [FREE Full text] [doi: 10.1371/journal.pone.0257035]
[Medline: 34495979]

32. Witteman HO, Vaisson G, Provencher T, Chipenda Dansokho S, Colquhoun H, Dugas M, et al. An 11-Item Measure of
User- and Human-Centered Design for Personal Health Tools (UCD-11): Development and Validation. J Med Internet Res
2021 Mar 16;23(3):e15032 [FREE Full text] [doi: 10.2196/15032] [Medline: 33724194]

33. Sen S, Patel M, Sharma A. Software Development Life Cycle Performance Analysis. In: Mathur R, Gupta CP, Katewa V,
Jat DS, Yadav N. editors. Singapore: Springer Singapore; Sep 28, 2021:311.

34. Whittaker R, Merry S, Dorey E, Maddison R. A development and evaluation process for mHealth interventions: examples
from New Zealand. J Health Commun 2012;17 Suppl 1:11-21. [doi: 10.1080/10810730.2011.649103] [Medline: 22548594]

35. Oinas-Kukkonen H, Harjumaa M. A Systematic Framework for DesigningEvaluating Persuasive Systems BT - Persuasive
Technology. In: Oinas-Kukkonen H, Hasle P, Harjumaa M, Segerståhl K, Øhrstrøm P, editors. Lecture Notes in Computer
Science, vol 5033. Berlin, Heidelberg: Springer Berlin Heidelberg; 2008:164-176. [doi: 10.1007/978-3-540-68504-3_15]

36. Matthews J, Win KT, Oinas-Kukkonen H, Freeman M. Persuasive Technology in Mobile Applications Promoting Physical
Activity: a Systematic Review. J Med Syst 2016 Mar;40(3):72. [doi: 10.1007/s10916-015-0425-x] [Medline: 26748792]

37. Jaffar A, Sidik SM, Admodisastro N, Mansor EI, Fong LC. Expert’s Usability Evaluation of the Pelvic Floor Muscle
Training mHealth App for Pregnant Women. IJACSA 2021;12(10):165-173. [doi: 10.14569/ijacsa.2021.0121019]

38. Kok G, Schaalma H, Ruiter RAC, van Empelen P, Brug J. Intervention mapping: protocol for applying health psychology
theory to prevention programmes. J Health Psychol 2004 Jan;9(1):85-98. [doi: 10.1177/1359105304038379] [Medline:
14683571]

39. Fernandez ME, Ruiter RAC, Markham CM, Kok G. Intervention Mapping: Theory- and Evidence-Based Health Promotion
Program Planning: Perspective and Examples. Front Public Heal. (AUG) 2019;7.

40. Green L, Marshall W. Kreuter: Health Program Planning: An educational and ecological approach. New York, USA: MC
Graw Hill companies; 2005. p. A URL: http://www.lgreen.net/precede.htm

41. Sacomori C, Cardoso FL, Porto IP, Negri NB. The development and psychometric evaluation of a self-efficacy scale for
practicing pelvic floor exercises. Brazilian Journal of Physical Therapy; 2013. [doi: 10.1590/S1413-35552012005000104]

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e30989 | p.68https://humanfactors.jmir.org/2022/1/e30989
(page number not for citation purposes)

Jaffar et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.2196/jmir.5604
http://dx.doi.org/10.19026/rjaset.5.4776
https://mhealth.jmir.org/2018/4/e109/
http://dx.doi.org/10.2196/mhealth.8834
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29691216&dopt=Abstract
http://dx.doi.org/10.2196/15806
http://dx.doi.org/10.18332/ejm/126625
https://doi.org/10.1155/2012/835464
http://dx.doi.org/10.1155/2012/835464
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22900153&dopt=Abstract
https://mhealth.jmir.org/2018/1/e23/
http://dx.doi.org/10.2196/mhealth.8873
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29343463&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(16)00024-1
http://dx.doi.org/10.1016/j.jbi.2016.02.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26903153&dopt=Abstract
http://dx.doi.org/10.1177/0308022620954115
https://mhealth.jmir.org/2016/2/e29/
http://dx.doi.org/10.2196/mhealth.5127
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27282195&dopt=Abstract
https://mhealth.jmir.org/2020/7/e17703/
http://dx.doi.org/10.2196/17703
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32706745&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0257035
http://dx.doi.org/10.1371/journal.pone.0257035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34495979&dopt=Abstract
https://www.jmir.org/2021/3/e15032/
http://dx.doi.org/10.2196/15032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33724194&dopt=Abstract
http://dx.doi.org/10.1080/10810730.2011.649103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22548594&dopt=Abstract
http://dx.doi.org/10.1007/978-3-540-68504-3_15
http://dx.doi.org/10.1007/s10916-015-0425-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26748792&dopt=Abstract
http://dx.doi.org/10.14569/ijacsa.2021.0121019
http://dx.doi.org/10.1177/1359105304038379
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14683571&dopt=Abstract
http://www.lgreen.net/precede.htm
http://dx.doi.org/10.1590/S1413-35552012005000104
http://www.w3.org/Style/XSL
http://www.renderx.com/


42. Newman-Beinart NA, Norton S, Dowling D, Gavriloff D, Vari C, Weinman JA, et al. The development and initial
psychometric evaluation of a measure assessing adherence to prescribed exercise: the Exercise Adherence Rating Scale
(EARS). Physiotherapy 2017;103(2):180-185. [doi: 10.1016/j.physio.2016.11.001]

43. Jaffar A, Mohd-Sidik S, Nien FC, Fu GQ, Talib NH. Urinary incontinence and its association with pelvic floor muscle
exercise among pregnant women attending a primary care clinic in Selangor, Malaysia. Rosier PFWM, editor. PLoS One.
Public Library of Science; 2020 ;15(7):e0236140.

44. Jaffar A, Mohd-Sidik S, Abd Manaf R, Foo C, Gan Q, Saad H. Quality of life among pregnant women with urinary
incontinence: A cross-sectional study in a Malaysian primary care clinic. PLoS One 2021;16(4):e0250714 [FREE Full text]
[doi: 10.1371/journal.pone.0250714] [Medline: 33909678]

45. Alagirisamy P, Mohd Sidik S. Pelvic Floor Muscle Exercises During and After Pregnancy. Serdang: Universiti Putra
Malaysia Press; 2020.

46. Bo K, Berghmans B, Morkved S, Van Kampen M. Evidence-Based Physical Therapy for the Pelvic Floor-E-Book: Bridging
Science and Clinical Practice, 2nd ed. London, UK: Elsevier Health Sciences; 2014.

47. McClurg D, Frawley H, Hay-Smith J, Dean S, Chen SY, Chiarelli P. Scoping review of adherence promotion theories in
pelvic floor muscle training - 2011 ics state-of-the-science seminar research paper i of iv. Neurourol Urodyn. John Wiley
& Sons, Ltd 2015;34(7):614.

48. Woodley SJ, Hay-Smith EJC. Narrative review of pelvic floor muscle training for childbearing women-why, when, what,
and how. Int Urogynecol J 2021 May 05:1-10. [doi: 10.1007/s00192-021-04804-z] [Medline: 33950309]

49. Michie S, van Stralen MM, West R. The behaviour change wheel: a new method for characterising and designing behaviour
change interventions. Implement Sci 2011 Apr 23;6:42 [FREE Full text] [doi: 10.1186/1748-5908-6-42] [Medline: 21513547]

50. Garnett C, Crane D, West R, Brown J, Michie S. Identification of Behavior Change Techniques and Engagement Strategies
to Design a Smartphone App to Reduce Alcohol Consumption Using a Formal Consensus Method. JMIR Mhealth Uhealth
2015;3(2):e73 [FREE Full text] [doi: 10.2196/mhealth.3895] [Medline: 26123578]

51. Sidik SM, Jaffar A, Foo CN, Muhammad NA, Abdul Manaf R, Ismail SIF, et al. KEPT-app trial: a pragmatic, single-blind,
parallel, cluster-randomised effectiveness study of pelvic floor muscle training among incontinent pregnant women: study
protocol. BMJ Open 2021 Jan 12;11(1):e039076 [FREE Full text] [doi: 10.1136/bmjopen-2020-039076] [Medline: 33436465]

52. Jaffar A, Mohd SS, Foo CN, Muhammad NA, Abdul MR, Fadhilah ISI. Protocol of a Single-Blind Two-Arm (Waitlist
Control) Parallel-Group Randomised Controlled Pilot Feasibility Study for mHealth App among Incontinent Pregnant
Women. Int J Environ Res Public Health. 2021 ;18(9):4792.

53. Latorre GFS, de Fraga R, Seleme MR, Mueller CV, Berghmans B. An ideal e-health system for pelvic floor muscle training
adherence: Systematic review. Neurourol Urodyn 2019 Jan;38(1):63-80. [doi: 10.1002/nau.23835] [Medline: 30375056]

54. van Haasteren A, Gille F, Fadda M, Vayena E. Development of the mHealth App Trustworthiness checklist. DIGITAL
HEALTH 2019 Nov 21;5:205520761988646. [doi: 10.1177/2055207619886463]

55. Asklund I, Nyström E, Sjöström M, Umefjord G, Stenlund H, Samuelsson E. Mobile app for treatment of stress urinary
incontinence: A randomized controlled trial. Neurourol Urodyn 2017 Jun;36(5):1369-1376. [doi: 10.1002/nau.23116]
[Medline: 27611958]

56. Chen W, Chan T, Wong L, Looi C, Liao C, Cheng H, et al. IDC theory: habit and the habit loop. RPTEL 2020 May
14;15(1):1-19. [doi: 10.1186/s41039-020-00127-7]

57. Hagger M. Habit and physical activity: Theoretical advances, practical implications, and agenda for future research.
Psychology of Sport and Exercise 2019 May;42:118-129. [doi: 10.1016/j.psychsport.2018.12.007]

Abbreviations
COM-B: capability, opportunity, and motivation-behavior
FAQ: frequently asked question
HCP: health care providers
IM: intervention mapping
KEPT: Kegel Exercise Pregnancy Training
mHealth: mobile health
PFME: pelvic floor muscle exercise
PFMT: pelvic floor muscle training
PMF: pelvic floor muscle
PSD: persuasive system design
QoL: quality of life
SLDC: software development life cycle
UCD: user-centered design
UI: urinary incontinence

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e30989 | p.69https://humanfactors.jmir.org/2022/1/e30989
(page number not for citation purposes)

Jaffar et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.physio.2016.11.001
https://dx.plos.org/10.1371/journal.pone.0250714
http://dx.doi.org/10.1371/journal.pone.0250714
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33909678&dopt=Abstract
http://dx.doi.org/10.1007/s00192-021-04804-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33950309&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/1748-5908-6-42
http://dx.doi.org/10.1186/1748-5908-6-42
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21513547&dopt=Abstract
http://mhealth.jmir.org/2015/2/e73/
http://dx.doi.org/10.2196/mhealth.3895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26123578&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=33436465
http://dx.doi.org/10.1136/bmjopen-2020-039076
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33436465&dopt=Abstract
http://dx.doi.org/10.1002/nau.23835
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30375056&dopt=Abstract
http://dx.doi.org/10.1177/2055207619886463
http://dx.doi.org/10.1002/nau.23116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27611958&dopt=Abstract
http://dx.doi.org/10.1186/s41039-020-00127-7
http://dx.doi.org/10.1016/j.psychsport.2018.12.007
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by A Kushniruk; submitted 04.06.21; peer-reviewed by B Chaudhry, A Joseph; comments to author 17.10.21; revised version
received 10.11.21; accepted 30.11.21; published 03.02.22.

Please cite as:
Jaffar A, Mohd-Sidik S, Foo CN, Admodisastro N, Abdul Salam SN, Ismail ND
Improving Pelvic Floor Muscle Training Adherence Among Pregnant Women: Validation Study
JMIR Hum Factors 2022;9(1):e30989
URL: https://humanfactors.jmir.org/2022/1/e30989 
doi:10.2196/30989
PMID:35113025

©Aida Jaffar, Sherina Mohd-Sidik, Chai Nien Foo, Novia Admodisastro, Sobihatun Nur Abdul Salam, Noor Diana Ismail.
Originally published in JMIR Human Factors (https://humanfactors.jmir.org), 03.02.2022. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Human Factors,
is properly cited. The complete bibliographic information, a link to the original publication on https://humanfactors.jmir.org, as
well as this copyright and license information must be included.

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e30989 | p.70https://humanfactors.jmir.org/2022/1/e30989
(page number not for citation purposes)

Jaffar et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://humanfactors.jmir.org/2022/1/e30989
http://dx.doi.org/10.2196/30989
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35113025&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

A Remote Patient-Monitoring System for Intensive Care Medicine:
Mixed Methods Human-Centered Design and Usability Evaluation

Akira-Sebastian Poncette1,2*, MD; Lina Katharina Mosch1,2*, MD; Lars Stablo3, MSc; Claudia Spies2, MD, PhD;

Monique Schieler2; Steffen Weber-Carstens2, MD, PhD; Markus A Feufel3, MSc, PhD; Felix Balzer1, MSc, MD, PhD
1Institute of Medical Informatics, Charité – Universitätsmedizin Berlin, Corporate Member of Freie Universität Berlin and Humboldt-Universität zu
Berlin, Berlin, Germany
2Department of Anesthesiology and Intensive Care Medicine, Charité – Universitätsmedizin Berlin, Corporate Member of Freie Universität Berlin and
Humboldt-Universität zu Berlin, Berlin, Germany
3Division of Ergonomics, Department of Psychology and Ergonomics (IPA), Technische Universität Berlin, Berlin, Germany
*these authors contributed equally

Corresponding Author:
Felix Balzer, MSc, MD, PhD
Institute of Medical Informatics
Charité – Universitätsmedizin Berlin
Corporate Member of Freie Universität Berlin and Humboldt-Universität zu Berlin
Charitéplatz 1
Berlin, 10117
Germany
Phone: 49 30450 ext 651166
Email: felix.balzer@charite.de

Abstract

Background: Continuous monitoring of vital signs is critical for ensuring patient safety in intensive care units (ICUs) and is
becoming increasingly relevant in general wards. The effectiveness of health information technologies such as patient-monitoring
systems is highly determined by usability, the lack of which can ultimately compromise patient safety. Usability problems can
be identified and prevented by involving users (ie, clinicians).

Objective: In this study, we aim to apply a human-centered design approach to evaluate the usability of a remote
patient-monitoring system user interface (UI) in the ICU context and conceptualize and evaluate design changes.

Methods: Following institutional review board approval (EA1/031/18), a formative evaluation of the monitoring UI was
performed. Simulated use tests with think-aloud protocols were conducted with ICU staff (n=5), and the resulting qualitative data
were analyzed using a deductive analytic approach. On the basis of the identified usability problems, we conceptualized informed
design changes and applied them to develop an improved prototype of the monitoring UI. Comparing the UIs, we evaluated
perceived usability using the System Usability Scale, performance efficiency with the normative path deviation, and effectiveness
by measuring the task completion rate (n=5). Measures were tested for statistical significance using a 2-sample t test, Poisson
regression with a generalized linear mixed-effects model, and the N-1 chi-square test. P<.05 were considered significant.

Results: We found 37 individual usability problems specific to monitoring UI, which could be assigned to six subcodes:
usefulness of the system, response time, responsiveness, meaning of labels, function of UI elements, and navigation. Among user
ideas and requirements for the UI were high usability, customizability, and the provision of audible alarm notifications. Changes
in graphics and design were proposed to allow for better navigation, information retrieval, and spatial orientation. The UI was
revised by creating a prototype with a more responsive design and changes regarding labeling and UI elements. Statistical analysis
showed that perceived usability improved significantly (System Usability Scale design A: mean 68.5, SD 11.26, n=5; design B:
mean 89, SD 4.87, n=5; P=.003), as did performance efficiency (normative path deviation design A: mean 8.8, SD 5.26, n=5;
design B: mean 3.2, SD 3.03, n=5; P=.001), and effectiveness (design A: 18 trials, failed 7, 39% times, passed 11, 61% times;
design B: 20 trials, failed 0 times, passed 20 times; P=.002).

Conclusions: Usability testing with think-aloud protocols led to a patient-monitoring UI with significantly improved usability,
performance, and effectiveness. In the ICU work environment, difficult-to-use technology may result in detrimental outcomes
for staff and patients. Technical devices should be designed to support efficient and effective work processes. Our results suggest
that this can be achieved by applying basic human-centered design methods and principles.
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Introduction

Background
Continuous monitoring of vital signs is essential for patient
safety in the intensive care unit (ICU) and emergency room [1].
It is also becoming increasingly relevant in general wards [2].
In the past decade, particularly in the context of the digital
transformation of health care, vital sign monitoring has
undergone constant change and is being transformed and
augmented by important technological innovations such as less
invasive sensors, remote monitoring technology [3-5], and
artificial intelligence for clinical decision support [6,7].
Together, these innovations hold great promise for improving
patient safety and health care provision [8,9].

Effective implementation of novel technologies, such as remote
patient-monitoring devices, faces a variety of barriers [10-12],
including lack of adoption by clinicians, often because of poor
usability of the respective technologies [13-15]. In addition to
its importance in successful implementation, usability is closely
related to the efficacy of the technology [16,17]. A lack of
usability may lead to medical errors, thus compromising patient
safety [18,19]. Therefore, usability evaluation and identification
of specific usability problems are essential in the development
of a novel technology and its implementation in the clinical
setting. However, to date, usability problems remain prominent
in health information technology (IT), suggesting that usability
aspects are often neglected in the health IT development process
[20-22].

The human-centered design (HCD) approach is centered on the
involvement of end users and their experiences with the product
throughout the design and development process [23]. Applying
HCD in the early stages of the design of novel digital health
technologies can improve usability, staff adoption, effectiveness,

and efficiency [24,25]. Several frameworks and guidelines for
redesigning health care interfaces in accordance with HCD have
been published; however, their adoption in health care has been
lagging, and evidence on the impact of this topic on clinical
performance outcomes is scarce [26-32].

Aim
We aim to evaluate the usability of a remote patient-monitoring
system and, specifically, identify usability problems, positive
findings, and user ideas. We hypothesize that an HCD approach
will help to implement evidence-based design changes that will
improve the subjectively perceived usability and objective
measures of the effectiveness and efficiency of the technology.

Methods

Ethics Approval and Consent to Participate
This study was approved by the ethics committee of the
Charité–Universitätsmedizin Berlin (EA1/031/18). All
participants provided consent before the study.

Study Design
Our usability study followed a five-step, mixed methods
approach (Figure 1): (1) formative usability test of the
implemented patient-monitoring platform interface design A
[33], (2) identification and prioritization of usability problems,
(3) conceptualization and design of prototype interface design
B with informed design changes, (4) formative usability testing
of design B, and (5) comparison of design A and design B. For
usability testing, we applied simulated use tests with think-aloud
protocols and performance measurements (subjectively
perceived usability, efficiency, and effectiveness) [30,34]. For
step 5, we chose a single-factor 2-group study design, as
described by Gravetter and Forzano [35].

Figure 1. The research approach, beginning with usability testing and identification of major problems in design A, followed by prototyping of design
B and its usability testing, concluding with a comparison between design A and design B.
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Study Setting and Technical Setup
This study was conducted in the context of implementing the
Vital Sync 2.4 virtual patient-monitoring platform (Medtronic
plc) in the Post Anesthesia Care Unit, an ICU primarily for
postoperative patients requiring short-term intensive care
treatment and monitoring. VitalSync was used to monitor
patients in the ICU from portable tablet computers on hospital
premises. The primary patient-monitoring system used was the
IntelliVue patient monitoring system (MX800 software, version
M.00.03; MMS X2 software, version H.15.41-M.00.04) from
Koninklijke Philips NV.

Between May 2018 and June 2019, the VitalSync monitoring
system was installed for 5 of the 10 ICU beds. Two sensors (for
pulse oximetry and capnography) recorded peripheral capillary
oxygen saturation, pulse rate, end-tidal carbon dioxide, and
respiratory rate at a frequency of 1 Hz. The VitalSync user
interface (UI) was displayed on a monitor at the central station

and on six tablet computers (2 standard iPads, 2 iPad minis, and
2 Microsoft Surfaces). The UI of the system was structured
where the home screen gave an overview of patients admitted
to the system, displayed in tiles (Figure 2). Displayed were
numerical values for the monitoring parameters, the patient’s
name and bed location, and specific information on alarms if
any. Clicking on a patient tile took the user to a screen with
details about the selected patient (eg, graphical curves for
end-tidal carbon dioxide values) and other functions (eg,
displaying patient reports, linking, or unlinking devices). There
was also the option of clicking on each parameter to see a trend
analysis of that value. To link a patient to the system, the Admit
Patient screen was accessed, and the patient ID was entered,
after which the bed location and monitoring device could be
selected to complete the admission process (Figure 3) [36-38].
Further technical description and details regarding the use of
the software can be found elsewhere [10].

Figure 2. Home screen of the implemented patient-monitoring platform (design A). etCO2: end-tidal carbon dioxide; PR: pulse rate; RR: respiratory
rate; SPO2: peripheral capillary oxygen saturation [36-38].

Figure 3. Admit Patient screen of the implemented patient-monitoring platform (design A) [36-38].

Research Team
Following the principles of HCD [39], our research team
members have multidisciplinary skills and perspectives.
Specifically, the team included a physician with a background
in anesthesiology, intensive care medicine, geriatrics, and digital
health (ASP); a senior medical student with a focus on digital
health (LM); a senior human factors student with a background
in engineering (LS); a professor of ergonomics with a PhD in

human factors and industrial and organizational psychology
(MF); the anesthesiology department’s head of staff (CS); and
a professor of medical data science, who is also a consultant
anesthesiologist and computer scientist (FB).

Data Collection
Data collection took place from August 23, 2019, to March 10,
2020. Our data comprised think-aloud transcripts of the first
block of usability tests (ie, design A), researcher notes (including
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click patterns), and posttest questionnaires from the two blocks
of usability tests (ie, design A and design B). We conducted 10
usability tests with ICU staff—5 (50%) tests each for design A
(August and November 2019) and design B (February and
March 2020). For recruitment, we contacted potential
participants via email. We aimed to represent all professions
working with the remote patient-monitoring system, namely
anesthesiologists (3/10, 30%), ICU nurses (5/10, 50%), and
respiratory therapists (2/10, 20%). Participation was voluntary,
and no incentives were offered.

Usability testing of design A and design B was performed on
an iPad mini 4 (model A1550). For testing sessions with design
A, 5 patients in the ICU were connected to the system. This
allowed real-time monitoring of the patients’ vital signs on the
iPad used by the participants. Testing of design B differed from
testing of design A in that no patients were connected to actual
sensors, and only one of the researchers was present during the
testing sessions.

The testing sessions were conducted in German. Participants
were asked about their profession and the number of years of
professional experience in intensive care medicine. They were
then given 4 tasks to complete while verbalizing their thoughts
[40]. We provided the participants with the following use
context: “A new patient was admitted to the unit and was
connected to the etCO2 and SpO2 sensors (Mrs. Schmitt, born
01/01/1950, Patient-ID 12345, bed site 02).”

In accordance with the requirements for formative usability
testing [41], participants were selected to complete the following
key tasks during the simulated use test:

1. “Please add Mrs. Schmitt to the patients you want to
monitor in Vital Sync™.”

2. “You would like to see the trend of Mrs. Schmitt’s oxygen
saturation for the last two hours. How do you proceed?”

3. “You have identified that Mrs. Schmitt is actually not in
bed 2 but in bed 6. You want to adjust this information in
Vital Sync™. How do you proceed?”

4. “Mrs. Schmitt has been discharged. Please disconnect Mrs.
Schmitt’s devices and delete her entry from Vital Sync™.”

Audio recordings of the simulated use tests were transcribed
verbatim. A researcher who had not performed the transcription
reviewed the transcripts. Immediately after the simulated use
tests of both designs A and B, participants were asked to
complete a posttest questionnaire, including the System
Usability Scale (SUS) [42,43].

Data Analysis

Qualitative Analysis and Identification of Usability
Problems
To analyze data from the think-aloud transcripts of design A
testing sessions, we adapted a deductive analytic approach [44].
A coding scheme introduced by Kushniruk and Patel [44] was
refined to the topic of study (patient monitoring in ICUs;
Multimedia Appendix 1). Using the qualitative data analysis
software MAXQDA 2018 (VERBI GmbH), think-aloud
transcripts were coded according to the developed scheme.
Coded segments (ie, usability problems) were specified into the

subcodes, which were further summarized and listed (eg,
meaning of labels unclear).

To decide which problems to eliminate first in the subsequent
design iteration, summarized usability problems were ranked
in terms of severity and frequency [45,46]. To assess problem
severity, impact scores were assigned to each usability problem
by 2 physicians who were experienced in intensive care
medicine. The following scores were available for selection:

• The solution to this problem is subtle and possible
enhancement or suggestion (score 1)

• The problem has a minor effect on usability (score 2)
• The problem creates significant delay and frustration (score

3)
• The problem prevents task completion (score 4)

Subsequently, the probability of occurrence was calculated by
dividing the number of participants who encountered a particular
problem by the total number of participants. To categorize
problem frequency, each usability problem was assigned to one
of four frequency levels: frequency ≤10% (level 1), frequency
11% to 50% (level 2), frequency 51% to 89% (level 3), and
frequency ≥90% (level 4). Finally, criticality was calculated by
adding the impact score and frequency levels [45] (eg, when a
usability problem was rated as creating significant delays
[impact score 3], which was experienced by 80% of participants
[level 3], resulting in a criticality score of 6).

Analysis of Effectiveness, Efficiency, and Subjective
Usability
The task completion rate [47,48] was measured to evaluate the
effectiveness of design A and design B. Normative path
deviation [49] was assessed based on participants’click patterns
to account for efficiency. The sequence of steps users took when
interacting with the interface to complete a task was compared
with an optimal sequence of goal-directed steps defined by the
researchers for each task. The difference between the normative
path and observed path for each user and each task was
calculated using the Levenshtein algorithm [33,49]. The SUS
was used to assess the perceived usability of design A and design
B [42,43,50].

Prototype Design
Design solutions were conceptualized by ASP and LS for all
identified usability problems. This resulted in a list of ranked
usability problems with the suggested design solutions. The
identified usability problems from design A were revised by
building design B, a clickable prototype, using Axure RP 9. A
feedback loop was used to develop design B: one researcher
(LS) built the prototype, and another researcher (ASP) reviewed
the design and provided feedback from an intensivist’s
perspective.

Statistical Analysis
To assess the level of improvement between design A and design
B, we hypothesized that the task completion rate for design B
would be higher than that of design A, design B would lead to
lower normative path deviation values than design A, and the
SUS scores for design B would be higher than that of design
A.
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We used the N-1 chi-square test to compare the task completion
rates of both designs [45]. To compare the normative path
deviations for both designs, we used a Poisson regression
drawing upon a generalized linear mixed-effects model with
participants as random effects, as introduced by Schmettow et
al [33]. A 2-sample t test was conducted to compare the SUS
scores between design A and design B, as recommended by
Sauro and Lewis [45]. We tested for normality using the
Shapiro–Wilk test [51] and homoscedasticity (homogeneity of
variance) using the Levene test [52].

Results

Overview and Sample
Measured by task completion rate, normative path deviation,
and SUS score, design B was found to be significantly improved
compared with design A. We first elaborate on the results of
the qualitative analyses and then report the quantitative results.

The sample comprised a total of 10 ICU staff, aged 25 to 39
years, with work experience ranging from 1 to 20 years, who
were divided into groups (5, 50% each) for the evaluation of
the 2 designs.

Qualitative Results

Summary
The coding of the transcripts revealed three main codes: usability
problems, user ideas and requirements, and positive findings.
The codes are visualized with a sunburst diagram (Figure 4; see
Multimedia Appendix 1 for the adapted coding scheme by
Kushniruk and Patel [44]). Items from the transcripts of the
think-aloud protocols were mapped to the subcodes derived by
Kushniruk and Patel [44] for the main categories—usability
problems and positive findings. For usability problems, the
items were assigned to the subcodes of usefulness of the system,
response time, responsiveness, meaning of labels, function of
UI elements, and navigation; for positive findings, the items
were assigned to usefulness, overall ease of use, function of UI
elements, layout/screen organization, and color.
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Figure 4. Results of qualitative analysis of the think-aloud transcript. Three main codes were identified (inner ring) and subcoded (middle ring). The
outer ring represents further information derived from the concrete items that were assigned to the subcodes (ie, specific user ideas or positive findings).
UI: user interface.

Usability Problems
In total, 37 specific usability problems were identified
(Multimedia Appendix 2). The number of usability problems
related to the respective codes is visualized in Figure 5; most
issues were related to labeling (53/88, 60%). The meaning of
labels was mostly unclear—that is, participants were not familiar
with certain terms (eg, the meaning of exclamation marks,
abbreviations such as those for pulse rate [PR] and integrated
pulmonary index [IPI], or terms such as polardiagramm). Users
were concerned about whether a certain function was useful for
the requirements of their clinical work or when a given task

could not be accomplished (eg, participants selected the wrong
bed site tile and participants were not sure about the correct
patient or device ID; 14/88, 16%). There were difficulties in
using or understanding the function of UI elements such as
buttons (eg, gray circle or telescope symbols; 8/88, 9%).
Furthermore, participants seemed to have problems navigating
the monitoring system (ie, finding the right click path to admit
patients to the platform; 8/88, 9%). Users criticized the
responsiveness of the system (ie, the system did not behave as
expected; 3/88, 3%) and the response time (ie, they complained
about the time it took the device to respond; 2/88, 2%).
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Figure 5. Number of occurrences for each subcode of usability problems. Meaning of labels (n=53), usefulness (n=14), function of UI elements (n=8),
navigation (n=8), responsiveness (n=3), response time (n=2). UI: user interface.

User Ideas and Requirements
Users emphasized that the system’s ease of use was particularly
important to ensure its usability in emergency situations. The
tool should be customizable to add other relevant vital signs
(eg, intracranial pressure) or to display additional patient
information. Participants required audible alarm notifications
and the ability to share information regarding relevant patient
events with colleagues (eg, about critical patient conditions).
Vector graphics were suggested to allow zooming in and out
of the vital sign curves. Moreover, participants demanded the
ability to see curves of different parameters in an overlapping
representation to be able to make inferences from one vital
parameter to another. To facilitate spatial orientation, it was
suggested that the beds be displayed in the UI according to the
physical ward floor plan. Other ideas included adding a
drag-and-drop function to rearrange multiple beds at once in
the UI and integrating a high-frequency recording function to
capture critical events.

Positive Findings
Participants stated that the system’s scope of functionality was
limited compared with other monitoring solutions. However,
the reduced complexity was considered helpful in hospital wards
with high patient turnover or stressful environments to get a
quick overview of the patient’s health condition. The system’s

mobility and overall ease of use were perceived as positive.
Participants seemed to be familiar with the following basic UI
elements: the home button depicted by a house, the editing
symbol depicted by a pen, and the alarm symbol depicted by a
warning triangle. Simplicity in the design and use of color was
also rated as positive.

Design Iteration
The 37 distinct usability problems were ranked in relation to
severity and frequency of occurrence (Multimedia Appendix
2). Potential solutions were assigned to the problems and were
realized in design B (Figures 6 and 7). In total, 5 design
iterations were performed between ASP and LS.

The main improvements in the prototype version compared with
the previous interface were as follows:

• More responsive design
• Unknown labels were replaced or removed
• Unknown UI elements were replaced or removed
• A dashboard that counted beds, patients, and monitoring

systems was added
• A confirmation dialog before replacing bed numbers was

added
• State-of-the-art dark theme design was adapted from

material.io
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Figure 6. Redesign of the user interface of the prototype (design B) patient admission screen.

Figure 7. Redesign of the user interface of the prototype (design B) patient tile overview.

Quantitative Results

Effectiveness
The task completion rate was higher for design B (attempts=20;
0/20, 0% failed and 20/20, 100% passed) than for design A
(attempts=18; 7/18, 39% failed and 11/18, 61% passed). A

1-tailed N-1 chi-square test suggests that this is a statistically

significant difference (χ2
1=9.3; P=.002).

Efficiency
The average normative path deviation of design B (mean 3.2,
SD 3.03; 5/10, 50%) was 63.4% lower than that of design A
(mean 8.8, SD 5.26; 5/10, 50%; Figure 8). Poisson mixed-effects
regression suggests that this reduction in the normative path
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deviation is statistically significant (βdesign B=−1.04, 95% CI −2.09 to −0.13; exp [βdesign B]=1.13; P<.001).

Figure 8. Scores of normative path deviation for design A and design B. The circle symbolizes outliers. Outliers are defined in the box plots as values
that have 1.5 times the distance between Q1 and Q3 (Q1 is the lower line of the box, and Q3 is the upper line of the box).

Usability
The average SUS score of design B (mean 89, SD 4.87; 5/10,
50%) was higher than that of design A (mean 68.50, SD 11.26;
5/10, 50%). This difference was statistically significant with a
1-tailed t test (t8=3735; P=.003).

Discussion

Principal Findings
This study evaluated the usability of a remote patient-monitoring
system (design A) by identifying the individual usability
problems that informed the conceptualization and design of a
revised prototype version (design B). Most of the usability
problems identified were related to labeling, followed by the
perceived lack of usefulness of the monitoring system
[10,53,54]. The UI’s navigation was frequently criticized by
participants. Further identified usability problems include
unclear UI elements, poor responsiveness, and increased
response time. The resolution of the usability problems resulted
in a significant increase in the perceived usability, efficiency,
and effectiveness of the system.

Usability of Technologies in Intensive Care Medicine
Over the past 2 decades, the usability of health IT has been
investigated in multiple studies applying different
methodologies, revealing relatively poor usability and late
involvement of end users in the development process [22,55].
This is reflected in our results; based on an HCD approach, we
found a relatively high number of easy-to-solve usability
problems, the resolution of which led to a significant
improvement in the usability of the remote patient-monitoring
solution. Most of the usability problems identified were related
to labeling, an important issue that is addressed by regulatory
requirements [30,56]. The UI’s navigation was frequently
criticized by participants. UI navigation problems can affect the
overall usability of medical devices, especially in high-stress
situations [57-59]. In this regard, simple, intuitive, and
role-specific designs are beneficial [60-62], which is also
reflected in the user ideas generated by the participants in our
study.

The ICU is an exceptional environment that places diverse
demands on health IT to be used there. High stress levels and
patients who are unstable and critically ill, with varying care
and treatment requirements, are among the conditions that must
be considered [63-67]. Multiple digital devices already in place
increase the cognitive load on staff as they are required to
operate the devices and interpret their output [62,67]. Health
care professionals applying physiological monitoring systems
underuse the range of features currently available [28]. This
might also be because of inadequate digital skills among health
professionals and insufficient training of staff in the use of
digital technologies [68-72].

With the increasing complexity and expanding the functionality
of digital technologies and their increased use in all clinical
settings, usability considerations have become all the more
important to realize the full potential of such innovations. Given
our findings, we suggest that HCD plays an important role in
realizing the potential of IT in health care.

HCD in the Implementation of Digital Health
Technology
Applying an HCD approach, the inclusion of usability testing
and prototyping of a new UI for a remote patient-monitoring
system increased usability, according to our findings. HCD
encompasses the involvement of end users (ie, health care
professionals) in the design and evaluation process, and the
required efforts have been shown to be both worthwhile and
beneficial in all development phases of a novel digital health
technology, enhancing usability and performance [28,59,73].
Research suggests that user knowledge and beliefs about the
technology to be implemented are key factors for the successful
implementation of the technology [74]. Therefore, HCD should
be applied not only during the design and development processes
but also during implementation [55]. This could be achieved
by establishing innovation and usability laboratories in
universities and maximum care hospitals [75]. In the future,
HCD is likely to be indispensable for improving both the
performance and implementation of IT in health care.

Despite many publications demonstrating the benefits and
relevance of usability testing and HCD in health care, there still
seems to be a lack of awareness of its importance and the value
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of involving key users in the early stages of technology
development. The reasons for this may be the perceived costs
and frequent lack of incentives to conduct usability evaluations.
Moreover, as was the case in our study, the design and
implementation of health technologies are often separate
processes, making it difficult to apply an HCD approach across
all development and implementation phases [22,73]. Further
research needs to be conducted to explore how to overcome
these barriers to obtain the most out of IT products in health
care for both staff and patients.

Limitations
In this study, we showcase an HCD approach to improve the
usability of a remote patient-monitoring system in a hospital
setting. However, from a scientific perspective, there are several
limitations to the scope of the study and the interpretation of
results. Owing to the qualitative research design, it is not
possible to quantify or generalize the usability problems
identified to other health technologies and settings. In addition,
translation of our results to other hospital settings or countries
is limited because of the single-center design of this study and
the relatively small sample size. It was not possible to draw
samples randomly, which needs to be considered as a potential
source of bias when interpreting the results. The comparison
between design A, which was a working medical product
installed in the ICU, and design B, a prototype mock-up, may
be potentially unfair with a number of confounders in the 2
arms. Nonetheless, given the observed effects of meaningful
labeling and easy-to-understand UIs on efficiency and
effectiveness, our results help to underline the importance and
potential of HCD for realizing the potential of IT in health care.
Follow-up studies should be envisioned in collaboration with
medical device manufacturers using design B.

We did not perform a usability test of all features of the remote
patient-monitoring device, which comprises more than just the

remote monitoring device UI (eg, sensors, bedside monitors, or
cables are also part of it). We focused on tablet use for this study
as it distinguishes remote patient monitoring from regular patient
monitoring, and the tablet is the touchpoint with which the user
interacts most frequently. Thus, we restricted the study scope
to the UI of the tablet version of the remote monitoring system;
that is, the smartphone and desktop UI versions were not
investigated. We only tested the German version of the UI,
which limits certain findings (eg, regarding the labeling) to
German-speaking regions.

We were not able to refer to a standardized checklist or protocol
for reporting the results of this study. The development of such
a checklist or protocol could be an interesting area for further
research, as it could improve the quality and reproducibility of
usability study reports.

Conclusions
Applying an HCD approach with usability testing and
conceptualized design of a revised prototype version
significantly improved the usability of the remote
patient-monitoring system for the end points of perceived ease
of use, efficiency, and effectiveness. Technical devices should
be designed to support efficient and effective work processes,
especially in the sensitive working environment of the ICU,
with usability being an essential facilitator of maximum
performance, successful implementation, and ultimately patient
safety. Our results suggest that HCD methods and principles
can help realize the goals and potential of IT in health care.
However, currently, HCD methods are often not applied early
enough in the development process of digital health technologies
for ICUs. Further research should explore how to increase early
product evaluations in hospitals with end users to take better
advantage of their input, not only for the development of
user-friendly IT solutions but also for their successful
implementation in clinical settings.
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Abstract

Background: Persons with chronic pain experience a lack of support after completing rehabilitation and the responsibility for
the return-to-work (RTW) process is taken over by the employer. In addition, employers describe not knowing how to support
their employees. Smartphone apps have been increasingly used for self-management, but there is a lack of available eHealth apps
with evidence-based content providing digital support for persons with chronic pain and their employers when they return to
work.

Objective: This study aims to describe the development of a digital support application with evidence-based content that includes
a biopsychosocial perspective on chronic pain for sustainable RTW for persons with chronic pain and their employers (SWEPPE
[Sustainable Worker Digital Support for Persons With Chronic Pain and Their Employers]).

Methods: A user-centered agile design approach was applied. The multidisciplinary project team consisted of health care
researchers, a user representative, and a software team. A total of 2 reference groups of 7 persons with chronic pain and 4 employers
participated in the development process and usability testing. Mixed methods were used for data collection. The design was
revised using feedback from the reference groups. The content of SWEPPE was developed based on existing evidence and input
from the reference groups.

Results: The reference groups identified the following as important characteristics to include in SWEPPE: keeping users
motivated, tracking health status and work situation, and following progress. SWEPPE was developed as a smartphone app for
the persons with chronic pain and as a web application for their employers. SWEPPE consists of six modules: the action plan,
daily self-rating, self-monitoring graphs, the coach, the library, and shared information with the employer. The employers found
the following functions in SWEPPE to be the most useful: employees’ goals related to RTW, barriers to RTW, support wanted
from the employer, and the ability to follow employees’ progress. The persons with chronic pain found the following functions
in SWEPPE to be the most useful: setting a goal related to RTW, identifying barriers and strategies, and self-monitoring. Usability
testing revealed that SWEPPE was safe, useful (ie, provided relevant information), logical, and easy to use with an appealing
interface.

Conclusions: This study reports the development of a digital support application for persons with chronic pain and their
employers. SWEPPE fulfilled the need of support after an interdisciplinary pain rehabilitation program with useful functions
such as setting a goal related to RTW, identification of barriers and strategies for RTW, self-monitoring, and sharing information
between the employee and the employer. The user-centered agile design approach contributed to creating SWEPPE as a relevant
and easy-to-use eHealth intervention. Further studies are needed to examine the effectiveness of SWEPPE in a clinical setting.
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Introduction

Background
Chronic musculoskeletal pain, which affects 10% to 20% of the
European population and negatively impacts functioning, quality
of life, and the ability to work, comes with significant individual
and societal expenses, including costs associated with sick leave
and loss of productivity [1-6]. A recently published interview
study [7] showed that persons with chronic pain experienced a
lack of support after completing a rehabilitation program when
responsibility for the return-to-work (RTW) process was taken
over by the employer. In addition, the employers reported
lacking knowledge on how to support their employees’ RTW
and requested more knowledge about how chronic pain might
affect work status and the needs and challenges their employees
with chronic pain might experience [7]. For a successful RTW,
employers need to effectively collaborate, communicate, and
negotiate with their employees, all interactions that require good
listening skills [8,9]. In general, barriers to RTW for persons
with chronic pain include lack of workplace support, lack of
relationships with supervisors and coworkers, and inability to
find the right fit between a person’s physical abilities and job
tasks [10,11]. A smartphone app could be used to deal with the
above challenges, improve the rehabilitation process, and
counteract passivity by increasing interaction between the
employer and the employee [12], leading to a shared
decision-making model [13] used in work rehabilitation to
increase a successful outcome in the RTW process.

Digital support (web-based applications or smartphone apps)
is a growing intervention for persons with chronic pain and a
useful tool for quality of learning [14-16]. The strengths of
digital interventions include evidence-based content; possibility
for daily registrations of health aspects; simple design with
short, easily readable texts [17]; and reading about other
people’s experiences [18]. Typically, self-management includes
providing knowledge and education about the condition
(including its consequences) and self-assessment of health
[17,19,20]. This can contribute to the individuals’ learning about
their own capacity [21,22], which can lead to an increased sense
of control and motivation for continued self-management [23].

Digital applications can be valuable tools for persons with
chronic pain, especially when used in an outclinic setting [24],

and can reduce pain and disability [25,26]. Despite these positive
effects, research has reported limitations related to the low
overall quality of smartphone apps for chronic pain and the lack
of rigorous assessment of their effectiveness [27,28]. Therefore,
combining evidence-based concepts with stakeholder
involvement in the development of eHealth interventions is
highly important [15,27]. The key elements of user-centered
design (UCD) approaches include stakeholder involvement,
iterative design and development, user stories, user personas,
interviews, prototyping, and usability testing to identify and
fulfill the users’ needs and requirements [29-33]. To manage
challenges such as incorrect clinical or user context or flaws in
evaluation [34], researchers need to use a multidisciplinary
development approach, continuous and systematic evaluation,
and robust evaluation methods [35].

Objectives
Web-based support for RTW has shown to be successful and
cost-effective for persons with musculoskeletal disorders [36].
However, to the best of our knowledge, no evidence-based
digital support exists that improves sustainable RTW for persons
with chronic pain and their employers. To fill this gap in
knowledge, the aim of this study is to develop a digital support
application with evidence-based content that includes a
biopsychosocial perspective on chronic pain for sustainable
RTW for persons with chronic pain and their employers:
SWEPPE (Sustainable Worker Digital Support for Persons With
Chronic Pain and Their Employers).

Methods

Study Design
In this study, a user-centered agile design [30] was used. Five
principles guided the process [30]: (1) separate product
discovery and product creation phases; (2) iterative design and
development with empirical feedback to revise designs in the
next step; (3) parallel design and development activities using
one sprint ahead; (4) continuous involvement of users via
reference groups; and (5) artifact-mediated communication via
user personas and scenarios (Figure 1).

The multidisciplinary project team consisted of health care
researchers, a user representative, and a software team (Table
1).
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Figure 1. Flowchart of practices and data collection during the development process to create SWEPPE (Sustainable Worker Digital Support for Persons
With Chronic Pain and Their Employers). Principles guiding the process: (1) separate product discovery and product creation phases; (2) iterative design
and development with empirical feedback to revise designs in the next step; (3) parallel design and development activities using one sprint ahead; (4)
continuous involvement of users via reference groups through the process; (5) artifact-mediated communication via user personas and scenarios. SUS:
System Usability Scale.
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Table 1. Description of the multidisciplinary project team.

Electronic apps expertise,
n (%)

Licensed health care
providers, n (%)

Return-to-work expertise,
n (%)

Pain expertise, n
(%)

Total, n (%)Grouping

0 (0)3 (100)2 (67)2 (67)3 (100)Health care researchersa

0 (0)0 (0)0 (0)1 (100)1 (100)User representativeb

5 (100)0 (0)0 (0)0 (0)5 (100)Software teamc

aPhD occupational therapist.
bA research partner from the Swedish Rheumatism Association.
cIncluding user experience design, back-end and front-end development, and project management.

The development process was led by a senior researcher (MB)
with extensive experience with RTW, chronic pain, and
occupational therapy. Two reference groups representing the
end users—patients with chronic pain and their
employers—were recruited for the development process. The
initial product discovery phase consisted of exploring the users’
needs and wishes about the functions and contents of SWEPPE.
The second product creation phase involved design,
development, and usability testing of SWEPPE. Mixed methods
were applied to collect quantitative and qualitative data for early
input and feedback from the users throughout the process.

Ethics Approval
The Swedish Ethical Review Board approved the study (Dnr
2020-01593).

Participants in the Reference Groups
Participants in the reference groups were recruited using a
relevance sampling strategy [37] conducted at a pain and

rehabilitation clinic in southern Sweden. For persons with
chronic pain, the following inclusion criteria were used:
employed, participation in an interdisciplinary pain rehabilitation
program (IPRP) within the last 2 years, and interest in
participating in the development of the application. For the
employers, the following inclusion criteria were used:
experience with an employee who had chronic pain and interest
in participating in the development of the application. A total
of 12 persons with chronic pain met the inclusion criteria and
were invited to the study by email. The invitation contained
information about the study, and a telephone follow-up
conversation was conducted after approximately 1 week. Of
these 12 persons, 4 (33%) did not respond to the invitation or
follow-up call, and 1 (8%) declined participation. Thus, of the
12 persons invited, 7 (58%)—4 women and 3 men—with a
mean age of 45 (SD 9; range 36-60) years provided informed
consent and were included in the study (Table 2).

Table 2. Background data on the persons with chronic pain participating in the reference group (n=7).

Values, n (%)Characteristic

Reported years living with pain

3 (43)0-7

3 (43)8-14

1 (14)>15

Types of pain

4 (57)Back or neck pain

1 (14)Nerve pain or neuropathic pain

2 (29)Fibromyalgia

3 (43)Othera

Employment status

4 (57)Working or studying full-time

2 (29)Working or studying part-time

1 (14)Sick leave

aLeg pain, migraine, and Horton disease.

The mean time since participation in IPRP was 10 (SD 5; range
4-19) months. Of the 7 participants, 1 (14%) had experienced
a large degree of support during RTW after IPRP, and 6 (86%)
had experienced some support from different stakeholders
(employer, health care, or the social insurance agency). A total

of 10 employers who previously had been involved in an RTW
process for an employee with chronic pain at the rehabilitation
clinic were invited to the study in a similar way as the persons
with chronic pain. Of these 10 employers, 3 (30%) were not
possible to reach and 3 (30%) declined participation in the study
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owing to lack of time. Finally, of the 10 employers invited, the
4 (40%)—3 men and 1 woman—who agreed to participate in
the study were from private and public areas of the labor market
(school and education, services and sales, building and
manufacturing, or machine and transportation).

Practices to Develop SWEPPE

Overview
Practices such as workshop and usability testing were applied
during the different phases of the development of SWEPPE
(Figure 1). The reference group of persons with chronic pain
participated in 2 usability tests, and the employers participated
in 1.

Workshop
User personas and two scenarios (using SWEPPE and being
back at work) were developed based on previous research and
clinical expertise with persons with chronic pain and other
stakeholders. The user personas and scenarios were used in a
workshop where 2 health care researchers and the software team
verbally and visually presented information about different
types of users [38] and about how to bring the needs of the
persons with chronic pain and their employers into the
development process. For each scenario, brainstorming was
performed about what a user persona might think, feel, do, and
say in a given situation.

Usability Testing
The first usability test was performed with the reference groups
of persons with chronic pain (Figure 1, P1) and consisted of
both formative and summative testing [39], where screen layouts
with partial functionality were used. The test sessions were
conducted on the web via Zoom (Zoom Video Communications)
meetings owing to the COVID-19 pandemic. Before the first
usability test, a pilot test conducted with a person not involved
in the project was performed, which led to minor adjustments
of the test situation. Then, 3 participants from the reference
group of persons with chronic pain participated in individual
usability testing sessions. The tests were led by the user
experience designer, and the first author (CT) participated as
an observer and took notes. During the tests, the participants
were given tasks to perform and were asked to verbalize their
experience—that is, a think-aloud methodology [40] was
applied. All meetings were recorded and shared digitally with
3 members of the software team, who also took notes as part of
the think-aloud methodology to aid the development process.

The usability test with the reference group of employers (Figure
1, E1) was performed on a functioning web application. Then,
2 fictional employees were created based on the user personas
used in the workshop. In addition, 2 researchers acting as these
fictional employees created accounts in the SWEPPE smartphone
app and invited their employers in the reference group to access
the web application on their own computer. In the web
application, the employers could access the library and follow
the goals and self-reported data of their employees. The
employers received updated information regarding progress
from the employees for 3 weeks.

The second usability test with the reference group of persons
with chronic pain (Figure 1, P2) was performed on a functioning
smartphone app. The persons with chronic pain downloaded
and tested SWEPPE at home on their own smartphone for 2
weeks.

Data Collection

Overview
Data were collected from the workshop, digital questionnaires,
and usability testing during the development of SWEPPE
(Figure 1).

Workshop
The workshop generated 2 empathy maps [41] that included
short statements of what the user personas might think, feel, do,
and say in the given scenarios. These maps were used for the
identification of topics, questions, or needs to be considered
while developing SWEPPE.

Questionnaire
The questionnaire focused on exploring the participants’
experiences of using smartphone apps and suggestions for the
functions and content of SWEPPE. The participants in the
reference groups were asked to rate the importance of the
different proposed functions on a 10-point scale ranging from
1 (not important) to 10 (very important). The proposed functions
were based on aspects identified as strengths in previous
research, such as setting a goal related to RTW [42-44], the
possibility to monitor health status [12], access to a knowledge
base about pain and positive examples of RTW [18], digital
coaching, and access to frequently asked questions or stories of
persons with chronic pain [18,36,42,45].

Usability Testing
During the web-based usability test with the persons with
chronic pain (P1), data were collected in several steps. First,
notes were taken by the first author (CT) and 2 or 3 members
of the project team during the think-aloud process regarding
what the person said and did when performing the assignments
in the SWEPPE prototype. If the test persons were silent, they
were prompted by the test leader with questions such as “What
are you thinking right now?” Second, at the end of each usability
test, the participants were asked open-ended questions regarding
the overall impression of SWEPPE: positive or negative
functions and content of SWEPPE, what was missing or could
be improved, how they would describe SWEPPE to a colleague
or friend, and their opinion on how the SWEPPE prototype
would be helpful in RTW. Third, after the usability tests, the
participants were asked to fill out the System Usability Scale
(SUS) questionnaire [46,47] for the global usability assessment
of the SWEPPE prototype. The SUS consists of 10 items rated
on a 5-point scale ranging from 1 (strongly disagree) to 5
(strongly agree). A total SUS score was calculated, ranging
from 0 to 100 (higher scores represent better usability) [46]. A
total SUS score >70 represents good usability [48]. Fourth, task
performance [39] was assessed during the first usability test
where the number of correctly completed tasks was registered
by the first author (CT).
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After usability tests P2 and E1, both reference groups received
the SUS questionnaire and follow-up questions regarding the
functions in SWEPPE. The participants were asked to rate the
perceived usefulness of different parts of SWEPPE as a support
on a scale ranging from 0 (no support) to 100 (maximum
support). They were also given the opportunity to comment on
the functions and content of SWEPPE—for example, what was
missing or could be improved and how they would describe
SWEPPE to a colleague or friend.

Data Analysis
Quantitative data from the surveys and the SUS questionnaire
were summarized and analyzed using descriptive statistics. The
qualitative data gathered in the empathy maps were summarized
and grouped based on topics, questions, and needs to address
in the development of SWEPPE.

The notes collected during the think-aloud methodology and
data from the open questions in the first usability test with the
reference group of persons with chronic pain were analyzed
using Instant data analysis [40]. Instant data analysis was
performed after each of the usability test sessions, where the

test leader, the observer (CT), and 3 members of the software
team participated in a Zoom meeting to discuss their notes and
the usability problems that had been identified. All usability
issues were written down and sorted into groups based on the
assignments performed in the prototype: create an account, set
a goal related to RTW, review the action plan, finish settings,
register daily health status, or follow progress in the overview.
The identified usability problems were then discussed by the
whole project team and were used to guide adjustments to the
SWEPPE prototype before finalizing the application.

Results

Product Discovery Phase
The workshop with the project group generated topics,
questions, or needs considered during the development process
of SWEPPE (Table 3).

Results from the questionnaire about the desired content and
functions of SWEPPE showed that maintaining motivation and
following progress were of great importance for both reference
groups (Tables 4 and 5).

Table 3. Identified topics, questions, or needs during the workshop with the project group and empathy mapping of user persona Carina for different

scenarios and how these were addressed in SWEPPEa.

Addressed in SWEPPEScenario and identified topics, questions, and needs to consider in the

development process

Being back at work

Goal setting, self-monitoring, and overview to support insights about
one’s capacity.

Will I manage? Do I have the skills needed?

Identify support wanted from the employer and possibility to share
with the employer.

Will I get the support I need from the employer?

Goal setting, self-monitoring, and overview for feedback.Manage balance between work and leisure.

Self-monitoring and overview.Find a daily routine.

Library, self-monitoring, and overview.Learning new ways.

Identify barriers to RTWb and strategies to handle them; self-monitor-
ing.

Apply strategies learned during rehabilitation.

Using SWEPPE

Overarching question guiding the general design of all the functions
in SWEPPE.

How will SWEPPE help me RTW?

General design of SWEPPE application as quick and easy to use and
demanding low cognitive load.

Using SWEPPE must be quick and easy.

General design of SWEPPE when creating and setting up a new account.Difficult at first when I started.

General design of SWEPPE with easy access to information the user
wants to share with the employer.

Uncertain about what data the employer can see in SWEPPE.

Are data presented in the overview in a useful way even if data are
missing?

Feeling guilty if not using SWEPPE every day.

Design of overview for easy visualization of progress.Proud and happy about her progress.

aSWEPPE: Sustainable Worker Digital Support for Persons With Chronic Pain and Their Employers.
bRTW: return to work.
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Table 4. Results from the initial survey with persons with chronic pain (n=7) regarding the desired content and functions of SWEPPEa.

Rating of importance, median (IQR)Questions, desired content, and topics of interest

An application for people with chronic pain and their employer as support for return to work (SWEPPE) would be interesting

10 (9-10)To keep me motivated

9 (7-10)To follow and focus on my progress

8 (8-10)To keep track of my health status

8 (4-10)To keep track of my work situation

8 (59)To get inspiration from others

Important information to know about the application

10 (8-10)Security details or privacy information

8 (8-10)How to optimize usability

8 (8-10)Where information in the app comes from

Desired content or topics of information in SWEPPE

10 (9-10)Pain and coping with pain

9 (8-10)Stress and coping

9 (7-10)Work and work ability

9 (6-10)Ergonomics

8 (8-9)Thoughts and feelings

8 (8-10)Balance in daily activities

8 (8-9)Coping during hard times

8 (7-10)Healthy lifestyle

8 (7-9)Others’ experiences of coping with chronic pain

8 (8-9)Workplace adaptation

7 (6-9)Communication, relations, social support

Desired functions in SWEPPE

9 (8-10)Setting goals

9 (7-10)Communicate with a coach

8 (7-9)FAQ (frequently asked questions) available

8 (7-9)Tips on workplace adaptation

8 (7-9)Communicate information with my employer

Important functions SWEPPE should have

9 (2-10)Push notifications

8 (7-9)Adaptive functions

8 (6-8)Adaptive design

6 (5-10)Download information

Preferred health aspects to record in SWEPPE or receive information about from employee

10 (10-10)Pain

10 (8-10)Sleep

10 (8-10)Physical activity

10 (6-10)Work situation

8 (7-10)Balanced life situation

7 (5-9)Workload

aSWEPPE: Sustainable Worker Digital Support for Persons With Chronic Pain and Their Employers.
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Table 5. Results from the initial survey with employers (n=4) regarding the desired content and functions of SWEPPEa.

Rating of importance, median (IQR)Questions, desired content, and topics of interest

An application for people with chronic pain and their employer as support for RTWb (SWEPPE) would be interesting

9.5 (9-10)To motivate and support the employee

9.5 (9-10)To follow the employee’s progress

9.5 (9-10)To receive information about my responsibility as an employer

9.5 (9-10)To receive tips on adaptation of the work situation

8.5 (8-9)To follow the employee’s work situation

8.5 (8-9)To follow the employee’s health status

7.5 (7-9)To receive information about chronic pain

6.5 (6-8)To get inspiration from others

Important information to know about the application

8.5 (8-9)How to optimize usability

8.5 (8-9)Where information in the app comes from

8.5 (8-9)Security details or privacy information

Desired content or topics of information in SWEPPE

9.5 (9-10)Work and work ability

9 (8-9)Ergonomics

9 (9-10)Information about my responsibility as an employer

9 (9-9)Stress and coping

9 (9-9)About pain and coping with pain

9 (8-9)Workplace adaptation

8.5 (8-9)Balance in daily activities

8 (7-9)Coping during hard times

8 (7-8)Communication, relations, social support

8 (6-9)Thoughts and feelings

7 (5-9)Healthy lifestyle

6 (4-8)Others’ experiences of coping with chronic pain

Desired functions in SWEPPE

9 (9-9)Receive information about the employee’s goals

9 (9-9)Tips on workplace adaptation

7 (6-9)FAQc available

Important functions SWEPPE should have

8 (7-9)Adaptive design

6.5 (6-8)Adaptive functions

6.5 (6-7)Download information

4.5 (2-7)Push notifications

Preferred health aspects to record in SWEPPE or receive information about from employee

10 (10-10)Work situation

10 (10-10)Workload

9.5 (9-10)Pain

9 (9-9)Physical activity

8.5 (8-9)Sleep
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Rating of importance, median (IQR)Questions, desired content, and topics of interest

8.5 (7-9)Balanced life situation

aSWEPPE: Sustainable Worker Digital Support for Persons With Chronic Pain and Their Employers.
bRTW: return to work.
CFAQ: frequently asked questions.

For the persons with chronic pain, the opportunity to keep track
of their health status and work situation was also important.
Employers wanted information about their responsibility and
suggestions for adapting the work situation. Both reference
groups preferred getting feedback through graphs showing
changes over time. Persons with chronic pain wanted to use
SWEPPE on their smartphone, and most (4/7, 57%) reported
wanting to use SWEPPE daily. The employers had a diverse
view of how often they would use SWEPPE. An employer
wanted to use SWEPPE when needed, another weekly, and
another monthly. Most of the persons with chronic pain
preferred recording pain (5/7, 71%) and sleep (4/7, 57%) daily
and physical activity (4/7, 57%), balanced life situation (5/7,
71%), and work situation (4/7, 57%) weekly. The opinion among
the persons with chronic pain about push notifications was
mixed: push notifications were rated as an important function
(Tables 4 and 5), but a majority (4/7, 57%) did not want them
included in the SWEPPE application. However, most
participants noted that their acceptance of push notifications
would depend on the available settings. The other characteristics
that the reference groups rated as important were compatibility
with a smartphone and ease of use. The results from the
questionnaire were used to prioritize the functions and
development of SWEPPE.

Product Creation Phase
The initial development of SWEPPE, based on the first survey
of persons with chronic pain, focused on three aspects: (1) the
action plan, where the users assess their work ability, set a goal
related to RTW, identify barriers to RTW, develop strategies
to handle barriers, and identify support wanted from the
employer; (2) self-rating, where the users register daily health
status and work situation; and (3) self-monitoring graphs, where
the users follow their progress and receive feedback to keep
them motivated.

These 3 aspects were developed and tested along with the overall
design (eg, colors and layout) in the first usability test (P1). The
participants in usability test P1 were in general positive to the
prototype and experienced it as relevant, quick, and easy to use.
They stressed the importance of SWEPPE not demanding too
much of them cognitively. They described SWEPPE as a tool
to help them stay motivated and learn more about themselves
and their pain. The task performance rate was high (Table 6).

Some usability problems were identified using the think-aloud
methodology and were addressed in the continued development
process (Figure 2).
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Table 6. Results from usability testing P1 and P2 with the persons with chronic pain and E1 with the employers. Data collection from assessment of
task performance and questionnaires.

Usability test: P2 persons with
chronic pain (n=6)

Usability test: E1 employers
(n=3)

Usability test: P1 persons with
chronic pain (n=3)

Time points

Task performancea, n (%)

N/AN/Ab3 (100)Create an account

N/AN/A3 (100)Set a goal

N/AN/A3 (100)Review the action plan

N/AN/A3 (100)Finish action plan settings

N/AN/A3 (100)Register daily health status

N/AN/A3 (100)Follow progress in the overview

SUSc questionnaire, median (IQR)

86.5 (77-94)88 (72-89)95 (94-98)SUS score pointd

Employers perceived usefulnesse of receiving information, median (IQR)

N/A74 (58.5-83.5)N/AAbout the employee’s work-related goal

N/A71 (61.5-85.5)N/AAbout barriers for RTWf identified by
the employee

N/A46 (32.5-59.5)N/AAbout strategies identified by the employ-
ee

N/A73 (67.5-86.5)N/AAbout support wanted from the employer

N/A74 (70.5-87)N/ATo follow the employee’s progress in a
graph

N/A50 (31-62)N/AFrom the library

N/A100 (55-100)N/ATo be reminded of using SWEPPEg

Persons with chronic pains perceived usefulness of SWEPPE, median (IQR)

81 (53.3-92.3)N/AN/ASetting a work-related goal and follow-
ing the progress

68 (53-90.5)N/AN/AIdentifying barriers and strategies for
RTW

53.5 (28.3-60.8)N/AN/ASharing information with the employer

80 (56-88.3)N/AN/ASelf-monitoring health aspects and get-
ting an overview

60.5 (54-75.3)N/AN/AUsing the library

47 (41.5-69)N/AN/AAsking questions and receiving answers
from the coach

85.5 (70.8-95.8)N/AN/AGetting reminders of daily self-rating of
health aspects and weekly evaluation of
goal fulfillment

aNumber of correctly completed tasks.
bN/A: not applicable.
cSUS: System Usability Scale.
dSUS score points range from 0 to 100, where higher scores represent better usability.
eRated on a visual analogue scale ranging from 0 (no support) to 100 (maximum support).
fRTW: return to work.
gSWEPPE: Sustainable Worker Digital Support for Persons With Chronic Pain and Their Employers.
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Figure 2. Overview of the assignments in usability test P1 performed by participants (n=3) from the reference group of persons with chronic pain, the
usability issues identified during the think-aloud methodology, and how these issues were addressed in the continued development process. RTW: return
to work.

The process of setting a goal related to RTW and creating the
action plan was simplified, and questions for assessment of goal
fulfillment were added: further improvements of self-rating of
health aspects were made with addition and development of
items, and separate graphs for self-monitoring of health aspects
and goals were developed. Continuous adjustments and
refinements of the functions based on the usability test P1 were
made, and further parts of SWEPPE (eg, the library, the coach
function, and the user profile for the employer) were developed.

The version of SWEPPE evaluated in usability tests E1 and P2
consisted of a fully functioning web application for the
employers and a smartphone app for the persons with chronic
pain. The employers perceived receiving information about the
employee’s goal related to RTW, barriers for RTW, support
wanted from the employer, and the graph to follow the

employee’s progress as the most useful functions in SWEPPE
(Table 6). The persons with chronic pain participating in test
P2 rated self-monitoring, setting a goal related to RTW, and
identifying barriers and strategies as the most useful functions.
Overall, the participants found SWEPPE to be helpful. For
example, they thought the application was safe, provided
relevant information, and would be good for many people with
chronic pain. Regarding usability, the median SUS scores of
the employers and persons with chronic pain were high (median
88 and 86.5, respectively; Table 6). SWEPPE was deemed to
be logical and easy to use with an appealing interface. The
participants in tests E1 and P2 also provided several comments
regarding the different functions in SWEPPE, and the employers
provided suggestions for ways to improve the application (Table
7).
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Table 7. Overview of SWEPPEa and the modules and their content evaluated in the usability tests with the employers (test E1, n=3) and persons with

chronic pain (test P2, n=5).b

Comments from participants in tests E1 and P2Description of contentModule in SWEPPE

Goal setting regarding work; identification of barri-
ers to RTW, strategies to handle these barriers, and

The action planc • “Good help to set a goal with the suggestions and getting a summary
in the overview” [P]

support wanted from the employer; and weekly • “Having a goal makes it easier to do the little extra to fulfil your
wishes” [P]evaluation of work ability and fulfillment of the

goal • “By identifying the barriers, it is easier for you to find strategies to
work around them. Otherwise, it is easy to end up with bad habits
and you don’t know why” [P]

• “I like the suggestions for strategies because many might not even
think about it” [P]

Self-rating of health and psychosocial aspects, work
situation, and strategies

Daily self-ratingc • “A very good part” [P]
• “Good to be able to choose what health aspects to monitor” [P]

Graphs for self-monitoring health aspects, work
ability, and progress toward the goal over time

Self-monitoring

graphsc
• “Good with the summary in a graph” [P]
• “It is easier to capture trends like not doing exercise when you have

a lot of other things to do. Then you get the information in black
and white that you have skipped exercise too many days and you
can follow the pain curve which due to lack of exercise is getting
worse” [P]

• “To follow pain, stress and physical activity would help me a lot.
It can help to do more exercise and it gives you a great summary if
the activity helps for the pain” [P]

Opportunity to ask a question and receive a written
answer from a coach

The coachc • “Superb function to be able to get help via the app” [P]
• “Surely good if you need support in some way like how to handle

your employer” [P]

Knowledge database developed based on previous
research with information (texts, films, and audio

The libraryc,d • “Good texts and films. If only the employer has the time and will
to learn there is a lot of good material in the app. Not only for the
employer but also for me” [P]clips) that reflects a biopsychosocial perspective

regarding chronic pain, physical activity, managing • “This would have been useful for me earlier [in the RTW process]”
[P]the situation, activity pacing, balance in daily life,

sleep, workplace adaptations, tools for dialogue,
and answers from the coach on common questions

• “I liked the library. A lot of good information” [P]
• “Gathered information is always good” [E]

The person with chronic pain can give the employer
access to the library and share information from the

Shared information

with the employerc,d
• “Good and perspicuous arrangement of goal, barriers, strategies

and wanted support” [E]
action plan and the graph for monitoring work • “Can meetings be visualized? Reconciliation meetings with the

occupational health care services is an important basis that wouldability and goal fulfillment in SWEPPE, and the
employer receives the information from the parts be good to see in the graph” [E]
of the action plan the employee has chosen to share; • “It would be valuable to follow up strategies from the employee

and employer that have not given results, that is changes in strategiesif the employee does not want to share any informa-
tion from the action plan, the employer still has
access to the library

and support wanted from the employer during rehabilitation. What
has given results in the right direction and what has not” [E]

• “Clearer start and goal of the weekly evaluations, it would add
value if you could register concrete actions to follow up” [E]

• “A simple platform for quickly finding gathered information and
the employee’s progress” [E]

• “This is not applicable for me right now but if I would increase my
working time, it would be very good to involve the employer. I
think SWEPPE would be good both for me and for my employer
as long as the employer has the will. The formulation in the app is
clear and I think it would make communication between the employ-
er and the employee easier” [P]

• “It can be difficult to get you employer involved but with SWEPPE
it can be easier for the employer to see if there is a negative trend.
Unfortunately, I don’t think everybody would dare to share with
their employer and some employers will probably not be so engaged
or even look in SWEPPE” [P]

• “It’s good to be able to give you employer insights about how you
feel and you choose how much you want to share” [P]

aSWEPPE: Sustainable Worker Digital Support for Persons With Chronic Pain and Their Employers.
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bThese modules also constituted the final version of SWEPPE.
cAccessed by persons with chronic pain via the smartphone app.
dAccessed by the employers via the web application.

The final version of SWEPPE consisted of all the modules
presented in Table 7. In the final version, the content of the
action plan (the goal and identifying strategies and support
wanted from the employer) can be individualized by the
employee. The user is presented with different options (strategies
or needs) to choose from, but these can be modified, and the
user can also create their own options in the app. For daily
self-rating of health aspects, the user is given the possibility to

self-monitor not only bio-related aspects such as fatigue and
pain but also psychosocial aspects such as work situation and
activity balance. For daily self-rating of, for example, pain, a
slider for a visual analog scale was used, ranging from 0 (no
pain) to 10 (worst imaginable pain). The value is not indicated
on the screen when the user is performing daily self-rating but
is presented in the self-monitoring graph. Screenshots from
SWEPPE are presented in Figure 3.

Figure 3. Screenshots from the final version of SWEPPE. SWEPPE is available in Swedish. Top row from left to right: the action plan (Styrkort), daily
self-registration overview (Skattning) and rating of pain (Smärta), one of the library sections (Hantera din situation). Bottom row: self-monitoring
(Översikt) of health aspects, work ability and goal fulfilment, employer’s view of shared information from the employee.
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Discussion

Principal Findings
This study describes the development of SWEPPE, a digital
support application for sustainable RTW for persons with
chronic pain and their employers. SWEPPE was developed with
a UCD agile approach [30], where the foundation was
evidence-based knowledge of chronic pain reflecting a
biopsychosocial perspective and RTW in combination with
involvement of the end users during the development process.
To our knowledge, SWEPPE is the first eHealth intervention
for both patients with chronic pain and their employers in
supporting a sustainable RTW.

SWEPPE was developed by a multidisciplinary project team
using a combination of the 5 principles of UCD agile design
[30]. First, the separate product discovery and product creation
phases provided relevant content and functions initially
discovered through a workshop and a questionnaire, which led
to the development of a low-fidelity prototype [39] that was
tested and constituted the foundation for the product creation
phase. Second, the iterative design and development used
feedback from the reference groups at different stages to revise
the design. Third, the software team used parallel design and
development activities using one sprint ahead with scheduling
and organization of the development in 2-week sprints. Fourth,
continuous involvement of the end users throughout the process
was ensured by using 2 reference groups who participated in
questionnaires and usability testing and a user representative
as part of the project team, which all provided valuable
information. Fifth, artifact-mediated communication was used
for the user personas and scenarios in the workshop and for the
employers in the usability test. Applying these principles in
combination with the competencies of the multidisciplinary
project team ensured performance of systematic evaluation and
development of a product relevant for the users’ context. In this
study, participants with chronic pain as well as the user
representative emphasized the importance of presenting
information in an easy, understandable way that did not require
a large cognitive load. This finding is consistent with findings
by Ledel Solem et al [15], where participating patients preferred
a simpler presentation of content rather than gamifying design
elements, as these could be challenging to use when
experiencing chronic pain. The results from this study show
that SWEPPE was deemed easy to use, which has been identified
as a facilitator for using eHealth applications by persons with
chronic pain [17].

Supporting Self-management
This study shows that SWEPPE has the potential to be a valuable
tool for supporting the individual in self-management of chronic
pain during the RTW process. Web-based applications or
smartphone apps can be easily accessed and enable persons with
chronic pain manage their condition [49] and reduce pain
interference [50]. As self-management and empowerment have
been identified as important parts of successful eHealth
interventions [51], SWEPPE was developed to target the lack
of support experienced by persons with chronic pain after
finishing a rehabilitation program and where the RTW process

continues [7]. Self-monitoring of health aspects was an
important part to include in SWEPPE, as it is a common strategy
for self-management among persons with chronic pain [17,20].
The daily self-rating in SWEPPE generated data presented in
graphs for self-monitoring, a function the participants with
chronic pain perceived as useful. Individuals are different in
their tolerance of pain and the daily self-rating of pain in
SWEPPE reflects the individual’s subjective experience. The
user can also choose which and how many of the
biopsychosocial aspects available in SWEPPE to monitor, based
on the relevance for the individual’s specific situation.
Self-monitoring in SWEPPE provides the user with feedback,
which can contribute to learning about health aspects in relation
to actions and behaviors in daily life [52]. Patients’
understanding of their own self-monitoring data involves
perception of the information, making inferences, and using
these to change their daily activities [22], which can give them
a sense of control and motivation to continue using
self-management strategies [23].

Pain education is also a common part of self-management and
can be related to the neuroscience of pain, medication, stress,
depression, and sleep management [19]. In SWEPPE, the library
was developed to provide easily accessed information about
chronic pain based on a biopsychosocial perspective. The
content in the library was intended to support both the employee
and the employer by contributing to an increased understanding
of the need to take the whole life situation into account when
planning for RTW. The library was especially important for
employers who wanted knowledge about how chronic pain
might affect work ability and how they can support the employee
during RTW [7]. Providing information through computer
applications and smartphone apps has been shown to improve
the level of knowledge, and the effectiveness can increase by
78% when also using at least one push notification a week [53].
In SWEPPE, a randomly selected text from the library was
suggested once a week for the user in the smartphone app to
inspire continuous reading. Although the library was perceived
as useful by both reference groups, it was not rated as useful as
other functions in SWEPPE. According to Timmers et al [53],
the timing of information is crucial, as patients need to receive
the right information at the right time. In this study, persons
with chronic pain found that the information in the library would
have been useful for them earlier in their RTW process,
indicating the potential and need of SWEPPE in a clinical
setting, when the users are starting their RTW process.

Regarding the dynamics of the employee-employer relationship,
the participants in both reference groups were in general positive
to the function of sharing information in SWEPPE to facilitate
collaboration and communication between the employee and
the employer. SWEPPE was built to be al tool for providing the
employer with information but without the employee having to
educate the employer regarding chronic pain and its
consequences for work. Instead, by using SWEPPE, the
employee can invite the employer and give access to the library
and decide what information to share from their action plan. If
the employer is willing to engage in the process and use the
provided information, this could increase the employer’s ability
to support the employee. The issue of employees not wanting
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or daring to share information with their employer was raised
by some of the persons with chronic pain during usability
testing. An important feature of SWEPPE was to make the
employee in charge of what information to share, when and
with whom to avoid the employer from using the app for control
or pressure. In this study, usability tests P2 and E1 revealed the
persons with chronic pain perceived the function sharing
information as slightly less useful compared with the employers
and compared with other functions in SWEPPE. This was due
to the participating persons with chronic pain having come too
far in their RTW process and commented on this function as
being more useful earlier in the process. This stresses the
importance of getting the user’s context correct in the
development of digital solutions [34]. Therefore, the usefulness
of sharing information also needs to be tested further in a clinical
setting to study the interplay between the employer and the
employee.

Strength, Limitations, and Future Directions
There are some limitations of this study that need to be
considered. SWEPPE was developed in Sweden, where the
employers are prescribed by law to take actions to adapt the
workplace to the individual’s capacity and thereby enable the
employee to RTW or stay at work. However, the rights and
responsibilities of employees and employers vary among
countries, and the usefulness of an app such as SWEPPE may
depend on the societal system.

The number of persons in the reference group of persons with
chronic pain was small and might not be representative of the
whole population of persons with chronic pain. However, the
participants are representative of the targeted users of SWEPPE
(ie, persons with chronic pain who have participated in an IPRP
and who have experiences with the RTW process). The persons
with chronic pain participating in this study had come further
in their RTW process than the intended users of SWEPPE. This
was regarded as a strength of the study, as the participants had
the experience and possibility to reflect on their needs during
the RTW process and could acknowledge that SWEPPE had
been useful for them earlier in the RTW process. As a result,
there were lower ratings of some of the functions (eg, coach
and sharing information), as these were not needed in the
participants’ present situation. There were also few employers
participating in this study, and recruitment of employers to the
reference group was more difficult, as they were experiencing
a lot of time pressure. However, having employers involved in
the development of SWEPPE was crucial and is a strength of
this study, as they play an important role in the RTW process
[54]. Overall, the small number of participants in the 2 reference
groups contributed with a variety of valuable feedback relevant
to the end users.

Another strength of this study was having a user representative
as part of the multidisciplinary project team, as the
experience-based knowledge provided by a research partner
complemented the professional knowledge [55]. The user
representative gave valuable feedback during the whole process
on ideas, functions, and texts and helped prioritize the

suggestions from the reference groups, which validated decisions
made during the design and development of SWEPPE.

A strength of this study is also the use of both qualitative and
quantitative methods for evaluation and feedback during the
development process [56], which gave valuable information for
the development of SWEPPE. During the process of creating
SWEPPE, it was decided that content, functionality, and design
were the most important parts to examine in usability testing
and the feedback from the reference groups. Thus, not all the
written texts were evaluated in the tests with the reference
groups.

Usability testing requires advanced planning and involves
several decisions such as selecting the setting, the tasks the user
should perform, and the type of data to be collected. In this
study, 3 persons with chronic pain participated in the initial
usability test (P1) of the low-fidelity prototype. This may have
been too few to identify all possible usability issues. It has been
suggested that 5 participants are sufficient for usability testing
and finding 80% of the usability problems [39]. Still, valuable
information was collected during the test that confirmed that
the basic structure and content in SWEPPE were in line with
the users’ desires and needs. The COVID-19 pandemic also
influenced the options regarding testing. For example, it was
not possible to conduct the tests during a physical meeting at
the university. Doing a usability test on the web via a Zoom
meeting might have affected the willingness for some
participants to participate in the initial test. People willing to
participate in a Zoom meeting might also indicate a selection
bias, as these people probably were more comfortable with using
technology than people who chose not to participate perhaps
because they were intimidated by technology. More participants
participated in the usability tests performed on the functioning
smartphone apps or web applications tested at home (E1 and
P2), which can be a result of the participants feeling more
comfortable using their own smartphone or computer in a
familiar environment [57]. These tests were performed to
validate the nearly finished version of SWEPPE and to collect
suggestions for further improvements. A strength of these tests
was that none of the participants needed help getting started
with SWEPPE.

The results of the development of SWEPPE are positive and
highly usable because of the UCD agile approach. However, to
investigate its effectiveness, SWEPPE needs to be tested in a
clinical setting, initially in a pilot study and then in a randomized
clinical trial.

Conclusions
This study reports the development of a digital support
application for persons with chronic pain and their employers.
SWEPPE fulfilled the need of support after IPRP with useful
functions such as setting a goal related to RTW, identifying
barriers and strategies for RTW, self-monitoring, and sharing
information between employee and employer. The UCD agile
design approach contributed to creating SWEPPE as a relevant
and easy-to-use eHealth intervention. Further studies are needed
to examine the effectiveness of SWEPPE in a clinical setting.
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Abstract

Background: Patient outcomes and experience during a Spinal Cord Stimulation (SCS) screening trial can have a significant
effect on whether to proceed with long-term, permanent implantation of an SCS device for the treatment of chronic pain. Enhancing
the ability to track and assess patients during this initial trial evaluation offers the potential for improved understanding regarding
the suitability of permanent device implantation as well as identification of the SCS-based neurostimulative modalities and
parameters that may provide substantial analgesia in a patient-specific manner.

Objective: In this report, we aimed to describe a preliminary, real-world assessment of a new, real time tracking, smart,
device-based digital app used by patients with chronic pain undergoing trial screening for SCS therapy.

Methods: This is a real-world, retrospective evaluation of 13,331 patients diagnosed with chronic pain who used the new
“mySCS” mobile app during an SCS screening trial. The app design is health insurance portability and accountability act
(HIPAA)-compliant and compatible with most commercially available smartphones (eg, Apple, iPhone, and Android). The app
enables tracking of user-inputted health-related responses (ie, pain relief, activity level, and sleep quality) in addition to personal
trial goals and a summary of overall experience during the SCS trial. A deidentified, aggregate analysis of user engagement,
user-submitted responses, and overall trial success was conducted.

Results: When provided the opportunity, the percentage of users who engaged with the tracking app for ≥50% of the time during
their trial was found to be 64.43% (n=8589). Among the 13,331 patients who used the app, 58.24% (n=7764) entered a trial goal.
Most patients underwent SCS screening with a trial duration of at least 7 days (n=7739, 58.05%). Of those patients who undertook
a 7-day SCS trial, 62.30% (n=3456) engaged the app for 4 days or more. In addition, among all who submitted descriptive
responses using the app, health-related improvements were reported by 77.84% (n=10,377) of patients who reached day 3 of the
screening phase assessment and by 83.04% (n=11,070) of those who reached trial completion. A trial success rate of 91% was
determined for those who used the app (versus 85% success rate for nonusers).

Conclusions: Data from this initial, real-world examination of a mobile, digital-health–based tracking app (“mySCS”), as used
during the SCS screening phase, demonstrate that substantial patient engagement can be achieved while also providing for the
acquisition of more real time patient-outcome measures that may help facilitate improved SCS trial success.

(JMIR eHum Factors 2022;9(1):e35134)   doi:10.2196/35134

KEYWORDS

spinal cord stimulation; SCS; chronic pain; digital health; smartphone app; mobile health; mHealth; smart device; digital application;
application; app; spine
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Introduction

Widespread use of smart devices (ie, mobile phones and tablets)
has fostered an unprecedented growth in the use of digital-based
platforms and apps enabling real time tracking of health-related
outcomes and experiences of patients undergoing treatment of
chronic pain [1-3]. More importantly, these contemporary tools
have been demonstrated to help instill a greater level of
assurance in patients, that their pain condition can be controlled.
These devices can also promote improved self-monitoring of
the multidimensional experience of chronic pain, and some
concurrently allow health care providers enhanced connectivity
to real time outcomes reported by those under their care [4-6].
The implementation and use of new digital methodologies in
the context of health care is underpinned by what is now referred
to as ecological momentary assessment (EMA), an approach
constituted by the frequent sampling of study subjects’behavior,
outcomes, and experiences in real time within the real-world
environments in which they live and participate [7,8]. EMA, as
a technique that relies on the repeated collection of data
pertaining to the health-related condition of the patient, is
therefore thought to reduce recall bias and enable improved
assessment of the experience of patients with chronic pain. As
such, patient-specific information, acquired in a spatiotemporal
manner using EMA-based methods, may help provide better
clinical assessment of individual patients given the highly
subjective and variable experience of those having various
chronic pain disorders.

Spinal Cord Stimulation (SCS) is an established treatment option
for chronic pain, which delivers electrical impulses to neuronal
tissues within or adjacent to the spinal cord. These impulses are
capable of interrupting the transmission of dysregulated pain
signals, typically due to nerve injury, which can occur between
one or more localized anatomical areas (eg, low back, leg, foot,
upper limb, etc) and the human brain. Typically, before patients
are permanently implanted with an SCS device, they must first
undergo a screening period, commonly termed as a trial, where
they experience SCS therapy for a short duration of time (eg,
up to 3-7 days) to assess whether the applied treatment is
effective for reducing pain. Only on the basis of the experience
and success of the trial, as determined by verbal reporting of
significant pain relief (defined as a 50% or greater reduction in
pain) as well as improvement in function, is a permanent device
implanted for long-term use. However, SCS screening trials
can be challenging given the difficulty that some patients have
maintaining the engagement necessary to sufficiently assess
whether their pain relief and functional goals are being
effectively met or not due to complications or lack of successful
outcomes, which are known to be associated with higher costs
resulting from repeated attempts at management of chronic pain
[9-12]. Thus, whether the ability to record and assess patient
feedback in real time during this initial screening phase could
allow for an improved experience for patients is an open
question. As noted, various publications have previously
reviewed and examined the use of mobile, digital health-based
apps in patients with chronic pain [13]. However, to our
knowledge, no published reports describing the use of a mobile,
digital companion app during the SCS trial phase exist in the

peer-reviewed literature. Here, we describe our initial, real-world
evaluation of a simple, mobile, smart device-based app
implemented as a tool to track user-submitted goals,
health-related assessments, and satisfaction in those undergoing
SCS screening in order to provide a more real time examination
of the trial experience for patients with chronic pain. In so doing,
we sought to also determine how capable the app is in eliciting
patient engagement during this phase and whether this metric
could be potentially correlative with SCS trial success.

Methods

The newly commercially available mySCS app (Boston
Scientific) was provided at no cost to patients diagnosed with
chronic pain who participated in a trial (with a duration length
up to 10 days) of an SCS system. The patients were invited to
use the app either before or at their trial appointment. The
patients were informed of the app either from a product
brochure, their physician or physician office, or a company
representative (Boston Scientific). The patients were presented
with the opportunity to download the app during their SCS trial,
but it was not a required condition in order to undergo their SCS
trial. The patients were directed to carry out one of the following
to help with the downloading process: search the app store to
download, use a provided QR code to scan, or use an activation
link. The QR code and activation links would take patients
directly to the app listing on the app store to download the app.
Company representatives were available at the trial appointment
to assist with downloading if needed, but most patients were
instructed to complete the installation before the day of their
trial. The app was designed to be health insurance portability
and accountability act (HIPAA)-compliant and was installed
onto each participating patient’s personal smartphone (eg, Apple
iPhone and Android) and is compatible with most recent
smartphones and tablets. However, Android 8.0 or above and
iOS 11 or later for iPhone, iPad, and iPod touch are required.
The app is currently available on smart tablets, but not smart
watches. All patients were required to provide consent to the
terms of use following download and set up of the app. Figure
1 provides a pictorial representation of the app interface and a
sample trial report that can be generated daily or at the end of
the trial. In order to be eligible for inclusion, all patients were
required to be least 18 years of age or older and have the
following baseline demographic information available: trial
start and end date, age, gender, and trial status (listed either as
a “successful” or “failed” trial). Those patients listed with an
“inconclusive” trial status and patients who underwent multiple
trials were excluded from data analysis. Patients who were
provided the app were instructed to use the app daily to record
progress and their personal experience during the SCS trial.
Patient-entered information was stored to a secure database that
allows for exporting in PDF following completion of the trial.
SCS screening trial data from a separate cohort of patients who
did not use the app was also collected for comparative
assessment. Gender and age demographic information was
collected.

The mySCS app enables convenient tracking of information
entered directly into the app by the patient. The patients were
prompted to enter an assessment each day of their trial, which
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was of variable length, as determined by their physician. Typical
trials range from 3 to 7 days, and the app reminds the patient
to enter an assessment each day. Categorical descriptors selected
in real time by patients were used to track ongoing
user-submitted responses on a daily basis (vs patient’s pretrial
condition) including intensity of chronic pain (“less,” “same,”
and “more”), level of activity (“less,” “same,” and “more”), and
sleep quality (“worse,” “same,” and “better”). Additionally, the
patients entered their personal trial goal and overall trial
satisfaction. User engagement with the digital app was defined
as any user-submitted response, comment, goal, or assessment
into the app. For each patient using the app, the number of days
engaged with the app over the course of the length of the trial
period was determined. Content analysis was carried out by
assessing the frequency of terms entered into the app by patients.
Recorded patient goals and summaries of trial satisfaction were

assessed following completion of the SCS trial. Further,
patient-entered trial satisfaction summaries were evaluated using
a bigram analysis (occurrence of 2 consecutive words as a pair).

A successful SCS trial is conventionally defined as a ≥50%
reduction in pain intensity at the end of the trial (vs pretrial pain
intensity). Relative improvement in trial success between those
who used the app (for at least 1 day) versus those who did not
use the app was calculated by comparing the trial success rate
between both of these separate cohorts using a one-tailed
chi-squared test to determine if the proportions were different
from each other at a statistical significance level of 0.05. All
analyses were performed in Python (Python Software
Foundation). The Pandas package was used for data
management, and the Scipy package was used for performing
statistical tests.

Figure 1. Pictorial representation of the mySCS app interface and sample trial report.

Ethics Consideration
All data were collected in aggregate (independent of the centers
in which patients were implanted) and was obtained fully
deidentified, thereby obviating the need for ethics board review
approval of this evaluation per United States 45 Code of Federal
Regulations (CFR) § 46.104(d)(2)(i).

Results

Data were acquired from a cohort of 13,331 patients who used
the new mobile app during their SCS trial. Additionally, data
from 12,196 patients who did not use the app were also obtained
and evaluated. Gender and age demographics for those patients
who did or did not use the app are shown in Table 1.

Table 1. Patient demographics (significant difference with chi-square test P<.001).

Patients without the mySCS app (n=12,196)Patients with the mySCS app (n=13,331)Characteristics

5648 (46)5760 (43)Gender—male, n (%)

66 (13)60 (14)Age (years), mean (SD)

8591Trial success, %

In total, 58.05% (n=7739) of those patients who had access and
used the app underwent at least a 7-day trial with a maximum
duration of up to 10 days. Initial engagement with the app
required patients to enter in a personal goal for their SCS trial.
Of the patients who used the app, nearly 58.24% (n=7764) were
noted to have entered a trial goal. Analysis of the most prevalent
key health-related functional terms occurring within the text of
goals entered by patients using the mobile app is depicted in
Table 2.

The most common term (“walk”) was found in 46.81% (n=3634)
of the entries provided by patients, followed by “less pain”
(n=3514, 45.26%). Analysis of user engagement demonstrated
that 64.43% (n=8589) of all users engaged the tracking app for
at least 50% of the time within the total duration of their
screening trial (Figure 2). Trials carried out for 7-days in
duration were found to have been undertaken most frequently
among those who used the app. Analysis of app engagement
among those in this subcohort revealed that 62.3% (n=3456) of

JMIR eHum Factors 2022 | vol. 9 | iss. 1 |e35134 | p.106https://humanfactors.jmir.org/2022/1/e35134
(page number not for citation purposes)

Lee et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


those who successfully completed a 7-day trial engaged the app
for 4 days or more (Table 3).

Among all patients who used the app through day 3 and out to
trial completion, 77.84% (n=10377) and 83.04% (n=11,070)
demonstrated improvement in health-related metrics (ie, pain,
activity level, and sleep quality), respectively. Of those patients
who did not use the app, an 85% trial success rate (ie, ≥50%
pain relief) was noted. Alternatively, a trial success rate of 91%

was determined among those who did use the tracking app
(Table 4) representing a 6% increase in trial success.

Evaluation of trial satisfaction summaries submitted by 1535
patients who used the app was conducted using a bigram
analysis of the content that was recorded into the app following
completion of the trial (Table 5). The most common consecutive
2-word phrase entered into the app by patients was found to be
“less pain” followed by “more active” and “very well.”

Table 2. Occurrence of key terms in patient-entered goals (n=7795)

Values, n (%)Key terms

3634 (46.81)Walk

3514 (45.26)Less pain

1520 (19.58)Sleep

1265 (16.29)Stand

730 (9)Sit

Figure 2. App user engagement during trial period.

Table 3. App engagement duration among users undergoing a 7-day trial (n=5547).

Patients with a 7-day trial, n (%)App engagement duration (days)

954 (17.20)≤1

1143 (20.61)2-3

3450 (62.19)≥4

Table 4. Trial success (≥50% pain relief) among app users and nonusers.

Patients with successful trial, n (%)

12,133 (91.01)Patients with the mySCS app (n=13,331)

10,359 (84.94)Patients without the mySCS app (n=12,196)
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Table 5. Occurrence of bi-grams in patient-entered trial assessments (n=1535).

Trial assessments, n (%)Bi-gram

108 (7.04)Less pain

95 (6.19)More active

68 (4.43)Very well

62 (4.04)So much

59 (3.84)Pain relief

57 (3.71)Much better

Discussion

Principal Findings
This report, to our knowledge, is the first to demonstrate that
successful patient engagement and capability for real time
assessment of SCS trial outcomes can be achieved using a new,
HIPAA-compliant, digital health-based mobile tracking app
(“mySCS”). In addition, the use of this app was found to be
associated with an increased proportion of SCS trial success.
We also observed that patients using this new app on their smart
device were able to better recognize their responses to treatment
(compared to patient recall), while also enabling the progress
of patients to be more clearly communicated after the trial
period. This is a potentially important finding given the lack of
reliability and the well-known difficulty that patients are known
to have when using memory-based recall to estimate the
intensity of the pain they experience [14-16].

In accordance with previous reports that have shown that
patients with chronic pain are strongly interested and eager to
use a digital health-based mobile app, we found that a large
percentage of patients undergoing an SCS trial, if offered, are
willing to use such a tool [4,6,8]. Given the importance the trial
phase can have on the decision to proceed with permanent
implantation of an SCS device, this sizable rate of user
participation demonstrates the potential viability of a mobile
tracking app to improve the utility of an SCS trial. This result
is encouraging given that a substantial portion of the
SCS-implanted population is over the age of 65 years and often
beset by psychosocial factors that can affect patient function
shown to be correlated with less successful trial outcomes
[17,18]. Furthermore, in surveys conducted prior to the
COVID-19 pandemic, those aged 65 years or older were found
to have had substantially less knowledge or experience with
digital health apps [19-21]. Interestingly, in accordance with
more recent reports assessing user engagement with virtual
health tools during the COVID-19 pandemic, 2 published studies
by Han et al [22] and Lu et al [23] (both of which were
conducted during the height of the recent COVID-19 pandemic)
reported the successful implementation of remote monitoring
and programming of those implanted with an SCS device; they
also found that an overwhelming majority of patients had a
strong desire for follow-up visits that do not require in-person
interaction with their health care provider [22-25]. The results
from these early investigations and of those now presented in
this report thus jointly suggest that the use of digital health
technologies that can track and record SCS outcomes and

experience are likely to be highly desired and used by patients,
including potentially even those >65 years of age, as a
consequence, at least in part, of the necessities imposed on older
adults to become more accustomed to remote-accessible tools
during the COVID-19 pandemic. Moreover, it has also been
postulated that costs associated with the implementation of SCS
for treatment of chronic pain may be lowered when using digital
health tools that allow for remote-based patient tracking and
follow-up visits [22,23]. Though clinical examination (and
publication of data) pertaining to the use of digital health-based
tools in the context of SCS therapies is still quite limited at this
time, these initial reports would suggest that the benefit to
patients and providers (with the potential of integrating the use
of new digital technologies as a part of an SCS-based therapeutic
regimen for chronic pain) could be potentially substantial. We
further surmise that the gradual shift toward more ubiquitous
use of various digital tools in the real-world clinical setting may
likely facilitate the eventual incorporation of digital health-based
technology as a key component of the routine care provided to
patients within the practical context of interventional pain
management (to better monitor and treat those implanted with
an SCS device in a more remote and personalized manner).

Patients using the new mobile app examined in this evaluation
demonstrated an improved rate of trial success (vs a separate
cohort of those who did not use the app). However, it is currently
unknown if patient satisfaction at completion of an SCS trial is
in fact greatly altered in patients implanted with an SCS device
for chronic pain who use a digital health-based tool versus those
who do not. Nonetheless, an extrapolation of the data described
in Table 4 of this report indicates that, had those who did not
use the app during their SCS trial chosen to do so, up to an
additional 732 patients (calculated per the difference between
91% of app users and 85% of non–app users who had trial
success) could have potentially achieved a successful trial.
Interestingly, other reports of patients using implantable systems,
such as Deep Brain Stimulation devices, have shown that a
measurable improvement in outcomes (eg, patient satisfaction)
can be observed in those undergoing remote monitoring using
digital health technologies [26-28]. These notable improvements
are thought to be due, at least in part, to an increase in the
positive impression of treatment and overall psychological
benefit that patients obtain when they log their progress routinely
and reflect on their current health-related state. Mental health
and treatment expectations are thought to have at least some
effect on outcomes in most patients treated with SCS for chronic
pain [18,29,30]. Therefore, whether the use of available digital
health tools equipped with EMA-based tracking or remote-based
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communication features is, in turn, correlated with improved
clinical outcomes (eg, psychological health measures) is now
an important question warranting further investigation.

Limitations
Given the preliminary nature of the evaluation described,
limitations associated with the analyses described in this report
must be noted. First, assessment of data was conducted
retrospectively on the basis of the initial real-world launch of
the tracking app made available to SCS-implanted patients.
Future investigations are now needed to prospectively examine
the impact of new digital health tools on patient outcomes using
predefined measures and study designs including those that
address the role that treatment expectations (ie, placebo
responses) may have on obtained clinical outcomes.
Additionally, the version of the app used by those described in
this report did not allow for a highly detailed recording of
baseline demographics, procedural information, or pain intensity
based on an established rating scale (eg, Visual Analogue Scale).
Going forward, procurement of such patient information may
facilitate the detection of any selection bias (ie, bias as a result
of the inadvertent selection for a particular patient segment
within the overall cohort of assessed individuals such that the
sample evaluated is not truly representative of the actual
intended patient population) among those who used the app
versus those who did not use the app. Information as it pertains
to medical history, lead location, spinal level placement, and
applied stimulation parameters of those who used the app may
also have provided further insight as to the presence of any
correlations associated with patient engagement and trial

success. Moreover, no data were available that would have
allowed an analysis of the percentage of patients who continued
to receive a permanent implant after their successful trial or
whether specific goals beyond pain relief alone (eg,
improvements in functional disability) were achieved. Rates of
conversion from trial to permanent implant are thought to have
implications regarding overall device efficacy as well as other
aspects related to the successful use of SCS as a therapeutic
option for chronic pain [31]. As such, examination of this key
metric in patients using digital health tools as part of an SCS
trial, such as a future version of the mobile tracking app
described in this report, is now warranted.

Conclusion
This initial, real-world examination of a real time, mobile,
digital-health–based tracking app (“mySCS”), as used during
the SCS trial, demonstrates that substantial patient engagement
can be achieved while also providing for more reliable and
quantitative outcome measures that may help facilitate increased
SCS trial success. The use of a novel digital-health–based
mobile app therefore may constitute an important new approach
toward fostering an improved experience during the SCS trial.
A greater understanding of patient-specific clinical responses
may also allow for better decision-making and evaluation
regarding the appropriate use and effectiveness of SCS as a
therapeutic strategy for treatment of chronic pain. Additional
study and assessment are now needed to further understand the
potential benefits of digital-health–based tools in the context
of SCS therapy.
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Abstract

Background: User experience and engagement are critical elements of mental health apps’ abilities to support users. However,
work examining the relationships among user experience, engagement, and popularity has been limited. Understanding how user
experience relates to engagement with and popularity of mental health apps can demonstrate the relationship between subjective
and objective measures of app use. In turn, this may inform efforts to develop more effective and appealing mental health apps
and ensure that they reach wide audiences.

Objective: We aimed to examine the relationship among subjective measures of user experience, objective measures of popularity,
and engagement in mental health apps.

Methods: We conducted a preregistered secondary data analysis in a sample of 56 mental health apps. To measure user experience,
we used expert ratings on the Mobile App Rating Scale (MARS) and consumer ratings from the Apple App Store and Google
Play. To measure engagement, we acquired estimates of monthly active users (MAU) and user retention. To measure app popularity,
we used download count, total app revenue, and MAU again.

Results: MARS total score was moderately positively correlated with app-level revenue (Kendall rank [T]=0.30, P=.002), MAU
(T=0.39, P<.001), and downloads (T=0.41, P<.001). However, the MARS total score and each of its subscales (Engagement,
Functionality, Aesthetics, and Information) showed extremely small correlations with user retention 1, 7, and 30 days after
downloading. Furthermore, the total MARS score only correlated with app store rating at T=0.12, which, at P=.20, did not meet
our threshold for significance.

Conclusions: More popular mental health apps receive better ratings of user experience than less popular ones. However, user
experience does not predict sustained engagement with mental health apps. Thus, mental health app developers and evaluators
need to better understand user experience and engagement, as well as to define sustained engagement, what leads to it, and how
to create products that achieve it. This understanding might be supported by better collaboration between industry and academic
teams to advance a science of engagement.

(JMIR Hum Factors 2022;9(1):e30766)   doi:10.2196/30766
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Introduction

Background
An increasing number of mental health apps are available to
consumers, with estimates that 10,000 to 20,000 mental health
apps currently exist [1,2]. Evidence suggests that these apps
can help address various mental health concerns such as stress,
depression, and anxiety. Even unguided apps intended for
self-management can lead to reliable, albeit small, benefits [3],
particularly for people with lower symptom severity [4]. The
biggest challenge facing these apps, especially when provided
in unguided, direct-to-consumer models, is engagement.
Engagement with most mental health apps is
abysmal—estimates suggest that most publicly available mental
health apps for depression and anxiety have zero or near-zero
active users [5]. This study aims to better understand
engagement with mental health apps from the vantage points
of user experience and popularity.

Previous Work on Mental Health App Engagement
Previous research has examined mental health app engagement
in multiple ways [6]. A scoping review of concepts and
components of engagement used in the digital health literature
emphasized that engagement is a multifaceted concept with
behavioral, cognitive, and affective components [7]. Although
self-report engagement measures aim to capture some of these
components [8], in this paper we focus on the behavioral
component using analytic data, which tracks users’actual usage
of apps (eg, number of downloads or average time per use).
However, analytic data can also be used to determine different
conceptualizations of engagement, and we consider some of
these approaches below.

One approach to studying engagement is to quantify user
retention: the proportion of users who continue to use an app
over a certain period. Estimates suggest that approximately 4%
of users who download a mental health app continue using it
after 15 days, and 3% continue after 30 days [9]. Early efforts
have also identified some factors that predict retention, such as
therapeutic persuasiveness and therapeutic alliance [10].
Retention is a useful metric of engagement because it considers
sustained use rather than only initial adoption (downloading an
app).

Another perspective on engagement focuses on monthly active
users (MAU): the number of people who use an app in a given
month. Most mental health apps have nearly no active users,
while a few apps have millions of active users [5]. This trend
of vastly unequal distributions of users across similar apps seems
to be true not only for mental health apps but also for apps
focused on physical fitness and mood-tracking [11]. Given these
extreme differences in MAU, efforts to understand how highly
popular apps differ from unpopular apps have been a priority.
Importantly, an app’s MAU reflects two distinct components:
(1) the number of people who downloaded the app (which
reflects an app’s popularity and marketing success) and (2)
retention (which may reflect content and features within the
app). Because retention data are often difficult to obtain,
investigators recently proposed an alternative “stickiness”
metric, defined as the number of monthly active users per

normalized total downloads [12]. Interestingly, some of the
most downloaded apps do not appear to be particularly sticky,
and some of the stickiest apps are not the most downloaded
[12].

There have also been efforts to improve engagement with digital
mental health interventions. While this work is in its early
stages, some promising strategies include incorporating
human-centered design principles [13], branding digital mental
health interventions in ways that appeal to specific subgroups
of users [14], sending reminders and “digital triggers” [15], and
incorporating human support [16].

In summary, current research has examined engagement from
multiple perspectives, several efforts to improve engagement
are underway, and research on engagement is still in its infancy.
One important next step involves understanding why some apps
are more engaging or more popular than others. Such work
could inform efforts to increase engagement by highlighting
specific content, features, characteristics, or development
strategies that may contribute to engagement.

Characteristics of User Experience
User experience refers to the holistic experience of using a
product such as a mobile app. It is shaped by an app’s content,
its functionality, and its look and feel. Similar to
conceptualizations of engagement, it also encompasses affective,
behavioral, and cognitive reactions and includes emotional,
hedonic, and aesthetic variables [17]. User experience can be
understood through various methods including expert or
heuristic evaluations, user interviews, and user reviews [18].
As user experience is a multifaceted and complex concept,
different methods of understanding user experience have relative
strengths and weaknesses.

For mobile mental health apps, the most widely used measure
of user experience is the mobile app rating scale (MARS) [19].
It has been used in various evaluations of health apps, including
mindfulness apps [20] and pain-management apps [21]. The
MARS evaluates mobile health app quality along dimensions
of engagement, functionality, aesthetics, and information quality.
The engagement scale assesses how interactive and interesting
the app is, the functionality scale assesses the app’s functioning
and ease of use, the aesthetics scale assesses overall visual
appeal and stylistic consistency, and the information subscale
assesses the quality of the content. Averaged together, the 4
subscales form the MARS total score, which measures overall
app quality. Typically, the MARS is used by a trained evaluator
with expertise in some facet of mobile health apps such as
technical or clinical expertise or lived experience with the health
condition. In this way, the MARS can be thought of as a form
of heuristic evaluation where experts score various components
of the app using validated metrics. The MARS’s construct
validity was established by confirming its factor structure, and
its concurrent validity was established by relating it to another
app quality assessment tool [22]; however, more research is
needed to determine the MARS’s other psychometric properties,
such as its predictive validity.

Another way to understand the user experience of mental health
apps is to ask consumers, either directly through user experience
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interviews or indirectly by analyzing consumer reviews posted
to app stores [23]. Interviews can provide in-depth information
but are labor-intensive and may not accurately reflect user
behavior. App store reviews are easily accessible and plentiful
for popular apps, but review-writers’ perspectives may not be
representative of most of an app’s users. Studies that directly
ask consumers about their experiences and those that leverage
app store reviews can provide converging evidence of
characteristics that are important for consumers such as a
positive framing or simplicity [24,25]. A review of studies of
mental health app user experience identified six themes among
consumers’ perceptions of apps: helpfulness, enhancements,
technical issues, ease of use, satisfaction, and perceived issues
[26]. Additionally, a study examining over 13,000 reviews of
106 mental health apps noted that user interface and
user-friendliness were two of the most common aspects
commented on by users and that poor usability was often noted
as a reason for abandoning apps [23]. Although these themes
align with some aspects of the MARS subscales, such as
functionality, they also tend to correspond to more general
perceptions of quality or specific improvements or deficits.

To summarize, methods for evaluating user experience for
mobile health apps have been refined over the past years and
produced useful insights into consumer preferences.
Nonetheless, better understanding user experiences is critical
because, ultimately, mental health apps are beneficial only
insofar as users meaningfully engage with them.

This Study
This study aimed to identify associations between mental health
app user experience and metrics of app popularity and
engagement. We first hypothesized that more popular apps, in
terms of app-level revenue, monthly active users, and
downloads, would have higher user experience ratings. Second,
we hypothesized that apps’ levels of engagement, functionality,
and aesthetic appeal would predict user retention more strongly
than their informational quality. Third, we hypothesized that
app store ratings would be correlated with user experience
ratings.

Methods

Design and Material
We obtained MARS scores from One Mind PsyberGuide, a
nonprofit organization that provides structured reviews of mental
health apps [27]. One Mind PsyberGuide reviews mental health
apps on multiple metrics including user experience as defined
by the MARS. Three reviewers with training on MARS
administration—2 PhD-level reviewers, each with extensive
experience in user experience and mental health app reviews,
and 1 individual with lived experience of mental health
issues—completed each MARS review. These 3 ratings were
averaged to produce the MARS scores provided on One Mind
PsyberGuide and used in our analyses. Overall, we had access
to MARS ratings from 91 mental health apps, including total
score and all 4 MARS subscales. The ratings were completed
between March 2020 and December 2020.

We obtained analytic data from Apptopia, a company that
aggregates data on various metrics of mobile app usage and
popularity [28]. This analytic data included app-level data on
MAU (ie, the number of users who opened the app at least once
in the past 30 days), daily revenue (in US$), daily downloads,
app store rating (1-5, ratings were obtained from Google Play
and Apple App Store and the mean across stores was used when
data from both stores were available), and user retention
variables corresponding to 1, 2, 3, 4, 5, 6, 7, 14, and 30 days
after downloading the app (with values 0-100 corresponding to
the percentage of people who opened the app n days after
downloading it). The MAU, daily revenue, and daily downloads
variables had daily values for each day between February 8,
2020, and February 8, 2021, which is a 1-year period that
overlaps with that of the MARS ratings. We transformed these
daily values to a single value per app, computed as the variable’s
mean across all of the days of the month in which that app’s
MARS review was completed. We performed all analyses using
these month-averaged data, rather than the daily values. Because
mean values as a measure of central tendency are susceptible
to influence by outliers or skewness of the distribution, we also
computed the variable’s median values across all of the days of
the month and report all analyses using these month median
data in Multimedia Appendix 1. The app store rating variable
and each retention variable had only one value in our data set.
For app store rating, the value corresponded to the average of
all app store ratings in the 365 days preceding February 8, 2021.
Each retention variable’s value reflected the average of retention
values across every day in January 2021.

Exclusion Criteria
We chose to exclude several apps from analyses owing to
missing data. First, we excluded apps that lacked Apptopia data
for at least 1 day in the month as missing data may have created
a bias toward inflated monthly average values. Among the 91
apps with MARS rating data provided by One Mind
PsyberGuide, 56 had Apptopia data for every day of the month
that the MARS review was completed, and 54 of those 56 had
data for user retention and app store ratings. In total, 18 of the
91 apps with MARS rating data had no Apptopia data
whatsoever. Thus, for some analyses we include 56 apps and
for others we include 54 apps.

Data Availability
Our hypotheses and analysis plan were preregistered and are
available on the internet, as well as the data sets we used for
analyses (in addition to data on additional variables for each
app) [29]. We have also provided the output from the main and
sensitivity analyses in Multimedia Appendix 1. Owing to
Apptopia’s data-sharing policy, we have provided the Apptopia
data separately with the app names deleted and the apps
presented in random order.

Analyses
Statistical analyses were performed using the stats package in
R (R Core Team, 2020). For all analyses, statistical significance
was set at a preregistered threshold P<.05; however, we have
reported exact P values unless they were <.001. Data
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manipulation and figure creation were conducted in R using the
tidyverse family of packages [30] and sjPlot [31].

For our first hypothesis—that more popular apps, in terms of
app-level revenue, MAU, and downloads, would have higher
MARS scores—we determined the Kendall rank (T) correlation
coefficients (3 in total) between the MARS total score and
revenue, MAU, and downloads. We used the Kendall rank
correlation coefficient rather than the Pearson correlation
coefficient because rank-order correlation is not overly impacted
by the presence of extreme outliers (and we knew there were
several such outliers in the revenue, MAU, and downloads
variables in our data set) and is therefore more consistent with
our research question. Nonetheless, this skewness remains
important to consider when interpreting our results.

For our second hypothesis—that the MARS engagement,
functionality, and aesthetic subscales would predict user
retention more strongly than the information subscale—we
chose to calculate Kendall rank correlation coefficients (12 in
total) between each MARS subscale of interest (Engagement,

Functionality, Aesthetics, and Information) and user retention,
as measured by the percentage of users who downloaded the
app who opened it 1, 7, and 30 days after download.

For our third hypothesis—that app store ratings would be
correlated with the MARS total score—we chose to calculate
the Kendall rank correlation coefficient between the MARS
total score and app store rating.

Results

Results Overview
Figure 1 shows variable distributions and mean values, and
Figure 2 illustrates Kendall rank correlation coefficients across
variables of interest. MARS total scores tended to be high (mean
3.85, SD 0.65), as did the MARS subscales for engagement
(mean 3.68, SD 0.76), functionality (mean 4.16, SD 0.61),
aesthetics (mean 3.84, SD 0.84), and information (mean 3.72,
SD 0.69). App store ratings were also high (mean 4.39, SD
0.59). Revenue, MAU, and downloads were highly skewed
owing to a few extremely popular outliers.
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Figure 1. Frequency distributions for all variables (n=54 or n=56) included in our analyses. Variable mean values are shown with gold vertical lines.
MARS: Mobile App Rating Scale.

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e30766 | p.116https://humanfactors.jmir.org/2022/1/e30766
(page number not for citation purposes)

Kaveladze et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 2. Kendall rank correlation coefficients between all variables (n=54 or n=56). Pairwise deletion was used to deal with missing data. *P<.05.
**P<.01. ***P<.001. MARS: Mobile App Rating Scale.

Distribution of App Usage
The distribution of monthly active users among the 56 mental
health apps we examined was highly skewed (mean 578,645,
SD 1,856,468, median 48,676, range 0-12,373,122). Among all
the apps in our data set, the 3 most popular apps accounted for
66.6% of MAUs, and the 10 most popular apps accounted for
90% of MAUs [11]. As noted in the analyses section, we account
for these distributions’ skewness by using Kendall rank
correlations in our analyses.

Associations Between MARS Scores and App
Popularity, User Retention, and App Store Ratings
In our sample of 56 mental health apps, Kendall rank correlation
analyses revealed that the MARS total score was moderately

positively correlated with app-level revenue (T=0.30, P=.002),
MAU (T=0.39, P<.001), and downloads (T=0.41, P<.001;
Figure 3). Conversely, in our sample of 54 mental health apps,
the MARS total score and its subscales (ie, Engagement,
Functionality, Aesthetics, and Information) showed minor
associations with user retention 1, 7, and 30 days after
downloading (T=–0.10 to 0.17) and none of these associations
met our threshold for significance (P=.93 to .07). Lastly, the
MARS total score was also extremely weakly correlated with
app store ratings (T=0.12), which did not meet our threshold
for significance (P=.20).
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Figure 3. The association between Mobile App Rating Scale (MARS) Mean scores and log-adjusted downloads for mobile mental health apps, Kendall
T=0.41, P<.001, n=56.

Sensitivity Analysis
The daily values that were averaged to form the monthly average
values for the MAU, daily revenue, and daily downloads
variables were not normally distributed for many apps, although
they also did not have extreme outliers. As sensitivity analysis,
we reran the analyses using the median of the MAU, daily
revenue, and daily downloads variables instead of the mean.
The results from the two approaches were nearly identical, and
we have included the output from the analyses using median
values in Multimedia Appendix 1.

Discussion

Principal Findings
Our findings support one of our three hypotheses. Specifically,
we found that user experience scores were related to several
app popularity metrics: downloads, revenue, and monthly active
users. However, none of the MARS subscales were predictive
of user retention. Therefore, user experience, at least as defined
by the MARS, is a fairly good indicator of how many people
might start to engage with, or adopt, an app but may be less
informative about users’ sustained engagement with the app.
Further, the lack of a correlation between user experience (as
measured by the MARS total score) and app store ratings
suggests that app store ratings are not a broadly useful measure
of user experience.

Relationship Between Popularity Metrics and User
Experience
The moderate rank-order correlations we observed between
popularity or revenue and user experience suggest that higher
scores on user experience, as rated by individual observers, are

characteristic of more popular apps. Importantly, however, this
relationship does not appear linear: a few apps are responsible
for nearly all users, suggesting that marginal improvements to
popularity may not be sufficient to retain users. Instead, reaching
a “popularity threshold” may be necessary, with apps below
that threshold being unlikely to gain many users.

These findings suggest that industry teams, rather than academic
ones, may be best-suited to create highly engaging and popular
products. To date, nearly all of the most engaging digital mental
health interventions have been developed by industry teams,
rather than academic teams [12,32]. It is plausible that
differences in funding sources (eg, federal grants vs flexible
capital), incentive structures (eg, priorities on publishing vs
marketing), timelines (eg, multi-year studies vs rapid testing of
prototypes), and other factors may give industry teams a
competitive advantage in developing highly engaging products.
As an example, Headspace and Calm, the two most popular
mental health and wellness apps, each raised over US $140
million in funding from venture capital firms [33]. Furthermore,
industry teams are often diverse and interdisciplinary and
charged not only with developing an engaging product but also
marketing and financing that product. Aspects of business
models and marketing may play an important role in people’s
likelihood to adopt or sustain use of a given app. For example,
word of mouth is a common way that people learn about mental
health apps [1]. Payment models also impact both adoption and
sustainment; people prefer free apps [1] but dislike “freemium
pricing” [34]. Some mental health apps have also used celebrity
advertising, such as LeBron James for Calm or Michael Phelps
for Talkspace. This paper focused on aspects of the apps
themselves rather than these other aspects of the business models
and advertising, but those aspects are worth exploring in further
work.
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The Need to Better Advance a Science of Engagement
A common presumption is that mental health apps require
sustained engagement for users to experience their intended
benefits. Taking a similar approach to the National Institute of
Mental Health Research Domain Criteria framework, Graham
et al [35] propose that engagement is a critical mechanism of
action for mental health apps. In their conceptualization,
engagement can be separated into elements that speak to design
targets such as usefulness, usability, and satisfaction, as well
as use metrics, such as those used in our analyses. Our findings
suggest, however, that use metrics might speak to different
aspects of engagement, and that more work needs to unpack
elements that lead people to adopt, use, and explore
technologies. This is logically similar to efforts in
implementation science frameworks to map key implementation
outcomes including adoption, appropriateness, and sustainment,
and consistent with work that has mapped those outcomes onto
different variables relevant to technology-enabled services [36].

As can be seen in Figure 2, while our measure of initial
engagement—ie, downloads—was predicted by several
variables, our measure of sustained engagement—ie,
retention—was not. While retention was quite low in general,
it still varied considerably across apps (retention 7 days after
download ranged from 5.5% to 19.1%). Our study echoes
previous research suggesting that retention is particularly
challenging to understand [9]. One reason that retention may
be so challenging to predict using the statistical approaches
typical in behavioral sciences is that on the user level, retention’s
distribution is highly skewed: most users do not engage with a
given app more than once or twice but some engage much more
often; hence, mean retention values do not represent most users’
experiences. More in-depth forms of analysis such as user
interviews and longitudinal analyses may be required to
understand patterns in mental health app user retention. These
qualitative approaches can go beyond just how many people
use or stop using an app to explore richer questions regarding
users’ journeys with an app. In turn, these data can help to
identify critical aspects of the user experience.

It is also worth noting that user engagement, even retention, is
likely a heterogeneous concept. Even among users who are
considered to be retained, patterns of use might differ, including
among different dimensions such as frequency (as in consistent
vs bursty use), intensity (as in moderate or super users [37]),
time (as in circadian patterns in use [38]), or type (as in using
clinically meaningful app features [39]). These dimensions
similarly characterize other types of complex behavior such as
exercise (ie, the Frequency, Intensity, Time, and Type model).
For some users, decreased use over time could be a sign that
the app improved their well-being or that the user completed
the app’s intervention as intended. Therefore, although much
has been made of the poor rates of long-term sustainment in
mental health apps [9-11], some users likely experience “happy
abandonment,” wherein a lack of sustained use suggests they
received what they needed. Unfortunately, given that our user
retention information was obtained from app-level analytic data,
we were not able to determine individual-level characteristics
of retention and engagement. However, future work could help
determine the degree to which app engagement patterns are

shaped by characteristics of the app, such as user experience or
app features, and characteristics of the different ways that people
use digital health products.

Another reason that retention might be a heterogeneous concept
is that mental health apps vary in their intended user journeys.
Some apps might be designed for people to use them every day,
whereas others might be designed for more emergent yet
infrequent situations. Therefore, in addition to individual-level
characteristics of retention and engagement, it is also worth
noting that retention might have app-level characteristics; as
such, retention may not allow apples-to-apples comparisons of
apps. Again, because our data were obtained from an analytics
platform rather than the apps themselves, we were not able to
conduct more nuanced analyses of retention; however, efforts
that could combine and synthesize engagement data across
platforms [40] could help investigate these questions among
others.

Given that achieving sustained engagement is so difficult for
mental health apps, an alternative strategy involves
circumventing the challenge of long-term engagement altogether
by creating digital interventions that are designed to confer
benefit rapidly. An example comes from the growing literature
on digital single-session interventions, which are designed to
produce benefits after just one sitting [41-43]. These
interventions attempt to reimagine how to support users’mental
health in ways that differ from typical therapist-client
interactions but might hold greater appeal and utility.

Limitations
There are several limitations to consider in this work. First, the
set of 56 apps observed in this study (for which One Mind
PsyberGuide chose to complete MARS reviews and for which
engagement data were available from Apptopia) are not
representative of the full array of available mental health apps,
with a likely bias toward more popular apps and those designed
for English-speaking audiences. Nonetheless, these apps
represented a fairly wide range of values across all variables.
Second, the MARS may not be an ideal measure of user
experience. Although many of the elements in the MARS
address user engagement, it is often conceptualized as an overall
measure of app quality, rather than solely user experience [19].
Furthermore, some aspects of user experience within apps might
not be captured by the MARS, such as gamification principles
[44]. Third, because the study is cross-sectional and
observational, we are unable to infer causality. Many of the
observed relationships between variables are likely bidirectional;
for example, better user experience likely causes apps to become
more popular, but apps that are more popular also gain the
resources to improve their user experience design. Fourth, apps
differed in the time distances between their respective MARS
review dates and the dates for which their rating and retention
data were available, although all MARS ratings occurred during
the 1-year period for which analytic data were obtained. Lastly,
as the aim of this paper was to understand how aspects of user
experience relate to engagement and popularity, we do not know
if using these mental health apps actually helps people to achieve
their goals in using these apps or to derive clinical benefits. In
this study, we did not have access to analytic data on user
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outcomes, but such data would be a strength of a solution that
facilitates better collaboration with developers for analysis and
evaluation purposes.

Future Directions
Although this analysis observes rank-order trends, it does not
explain why a few apps, such as Calm and Headspace, are
exponentially more popular than others. Future research can
explore the complex combination of factors, such as marketing
dollars and market trends, which could explain these few apps’
outsized popularity. Such research might also explore the
optimal conditions for making influential and effective apps.
For example, industry teams tend to create more popular and
engaging apps than academic teams do; however, solutions to
user engagement problems plaguing these apps might be best
pursued by rigorous research combining quantitative, qualitative,
and experimental approaches [45]. Thus, research could examine
if collaborations between academic and industry teams may be
particularly fruitful in creating evidence-based and highly
scalable interventions. Finally, given low retention among

mental health apps, future work should explore innovative
intervention strategies by which apps can support mental health
in ways that appeal to users.

As one resource for exploring these future directions and other
ideas, we encourage researchers to explore the publicly available
data sets that we used to conduct our analyses [29], which
contain data on more apps and more variables (including
credibility, intervention target, intervention approach, app price,
and average time spent per session) than those examined in this
study.

Conclusions
We found that popular mental health apps—as defined by their
number of downloads, revenue, and number of monthly active
users—tend to be rated as having a better user experience than
less popular apps. We also noted that user retention metrics are
not well-predicted by other app-level metrics. We encourage
further collaboration between industry and academic teams to
better advance a science of engagement and to create more
effective and appealing mental health apps.
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Abstract

Background: Boundary objects can add value for innovative design and implementation research in health care through their
organizational focus and the dynamic structure between ill-structured and tailored use. However, when innovation is approached
as a boundary object, more attention will need to be paid to the preimplementation phase. Research and design thinking pay
attention to the preimplementation stage but do not have a social or organizational focus per se. The integration of boundary
objects in design methodologies can provide a more social and organizational focus in innovative design projects by mapping
out the mechanisms that occur at boundaries during design. Four dialogical learning mechanisms that can be triggered at boundaries
have been described in the literature: identification, coordination, reflection, and transformation. These mechanisms seem suitable
for integration in innovative design research on health.

Objective: Focusing on innovation in health, this study aims to find out whether the different learning mechanisms can be linked
to studies on health innovation that mention boundary objects as a concept and assess whether the related mechanisms provide
insight into the stage of the design and implementation or change process.

Methods: The following 6 databases were searched for relevant abstracts: PubMed, Scopus, Education Resources Information
Center, PsycINFO, Information Science and Technology Abstracts, and Embase. These databases cover a wide range of published
studies in the field of health.

Results: Our initial search yielded 3102 records; after removing the duplicates, 2186 (70.47%) records were screened on the
title and abstract, and 25 (0.81%) papers were included; of the 13 papers where we identified 1 mechanism, 5 (38%) described
an innovation or innovative project, and of the 12 papers where we identified more mechanisms, 9 (75%) described the development
or implementation of an innovation. The reflective mechanism was not identified solely but was present in papers describing a
more successful development or implementation project of innovation. In these papers, the predetermined goals were achieved,
and the process of integration was relatively smoother.

Conclusions: The concept of boundary objects has found its way into health care. Although the idea of a boundary object was
introduced to describe how specific artifacts can fulfill a bridging function between different sociocultural sites and thus have a
social focus, the focus in the included papers was often on the boundary object itself rather than the social effect. The reflection
and transformation mechanisms were underrepresented in the included studies but based on the findings in this review, pursuing
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to trigger the reflective mechanism in design, development, and implementation projects can lead to a more fluid and smooth
integration of innovation into practice.

(JMIR Hum Factors 2022;9(1):e31167)   doi:10.2196/31167

KEYWORDS

boundary objects; health; innovation; design; systematic review

Introduction

Background
The concept of boundary objects was introduced in 1989 by
Star [1] to describe how specific artifacts can fulfill a bridging
function between different sociocultural sites. Over the past
decades, there has been more interest in boundaries, boundary
crossing, and boundary objects [2-6]. The idea of boundary
objects was initially framed to facilitate constructive cooperation
between sites or social systems without consensus [7]. This
organizational feature of boundary objects can be of great value
in health care innovation, where the promise of innovations
outweighs their actual impact [8-13]. Owing to many different
stakeholders and parties in health care with different needs and
goals, the implementation of innovations in health care practice
is complex [14]. Many frameworks on innovation and
implementation pursue consensus [15-21], mainly from a
monodisciplinary approach, where at some point, all parties and
stakeholders must be convinced that an innovation is of added
value from a specific viewpoint. Within disciplines, this can be
feasible, but across disciplines, this is often challenging.
Boundary objects offer a different perspective on this issue.
Boundary objects ideally address the needs of each stakeholder
group and aim to contribute to the goals of all stakeholders
involved, even if they do not pursue the same goal. This also
means that different stakeholders can interpret a boundary object
differently, something that Star [7] calls interpretive flexibility.
However, not striving for consensus but identifying and
addressing needs on the front end requires a fundamentally
different approach. Much more attention will need to be paid
to the preimplementation phase, which is seldom included in
frameworks [22]. The design discipline is a discipline par
excellence that pays attention to precisely this phase.

Design research and design thinking are increasingly finding
their way into the health care sector as appropriate
methodologies of responding to a world with more open,
complex, and increasingly networked problems. Design holds
the promise of offering suitable strategies for complex problems
and actively involves stakeholders during the development and
implementation of innovation [23,24]. Design as a discipline
already has a long history in the development of medical devices
but is now broadening its scope in shaping the future of health
care [25-28]. Owing to different causes, the worlds of health
care and design are converging. In health care, there is a shift
in focus toward patient experience and values, increasing the
quality of life and patients’ participation in care and treatment
[29,30]. In the design discipline, developments toward
phenomena such as experience design [31], value-sensitive
design [32], and people’s involvement in design through
participatory design [33-35] seem to have a good fit with the

shifts in the focus of health care. The focus of emerging design
disciplines on innovation, transformation, and services within
organizations [36] can also solve implementation and adoption
problems in innovation. However, many frameworks or models
that provide insight into shaping the design process focus more
specifically on the steps, methods, or guide points essential for
developing an artifact [37-42] and less on shaping the process
of change.

Boundary Objects Within Design Research

Overview
The concept of boundary objects has also been applied in
different studies on design and product development [43-45].
However, the focus is often too specific on 1 element of
boundary objects: interpretive flexibility. Other elements
mentioned by Star [7] are the structure of informatics, work
process needs and arrangements, and the dynamic between the
ill-structured and more tailored uses of the object [1,7,46]. In
citations, the aspect of interpretive flexibility is overrepresented:
“boundary objects almost became synonymous with interpretive
flexibility” [7]. Nevertheless, in design, the interest in
interpretative flexibility as a feature of boundary objects is
sensible. By developing and testing concepts and prototypes
with stakeholders, a lot can be learned regarding the product or
idea during development, primarily through the interpretation
of end users. However, the more organizational side of boundary
objects to let people work together constructively and the focus
of boundary objects in changing organizations can be of added
value, especially in the embedding and adoption of innovation
in practice. In the life cycle of boundary objects, Star [7]
describes boundary objects’ role in the organizational nature as
a back-and-forth movement between ill-structured and
well-structured [7]. In this life cycle, parallels can be drawn
with an innovation or design life cycle, a back-and-forth
movement from the emergence of a complex problem in an
ill-structured context to the development of a solution that
ideally leads to integration in the context where a new and clear
structure occurs.

Both boundary objects—through their organizational focus and
the dynamic structure between ill-structured and tailored use
[7]—and design—which, in complex settings, requires managing
and moving multiple stakeholders from the problem to the
solution space [47]—might be able to guide innovative
transformations in health care. However, frameworks aimed at
adoption and implementation rarely pay attention to the
development process [22]; frameworks aimed at design are often
more product oriented.

A possible starting point to provide more social focus during
the application of boundary objects in the development and
transformation of innovation can be found in a systematic review
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by Akkerman and Bakker [3], who described four dialogical
learning mechanisms that can take place at boundaries:
identification, coordination, reflection, and transformation. The
mechanisms are similar to interrelational forms of boundary
work that Langley et al [48] reported to describe organizational
work: competitive boundary work can be linked to identification,
collaborative boundary work can be related to coordination, and
configurational boundary work seems synonymous with
transformation. Although the initial focus of the 4 mechanisms
of Akkerman and Bakker [3] was mainly on education, they
seem to fit with well-known focus areas in design.

Identification
The identification mechanism is about learning what the diverse
practices are to each other [3]. Typically, in identification
processes, the boundaries are encountered, reconstructed, or
reinforced. The identification mechanism is not necessarily
related to overcoming discontinuities. The strategy to enact this
process is something that designers often perform in the first
phase of research. Many design research thinking or design
research projects start with a phase or focus, such as empathy
[49-51], discover [52-54] or assess user needs, analyze content,
and context [55-57], in which, inter alia, user needs are
identified. In design, this phase is essential. It allows designers
and researchers to comprehend the situations and perspectives
of others [58]. During this phase, methods such as empathy
maps [59], personas [60,61], and a day in the life [62] are used
to identify visible and invisible components that define the
stakeholders’ identities and needs, which fits the dialogical
learning mechanism of identification. The stakeholders and
designers are reinforced in their roles and (professional)
identities; boundaries are encountered, reconstructed, or
reinforced but not overcome in this phase.

Coordination
Dialogical learning mechanism coordination is mainly about
creating cooperative and constructive exchanges between
practices, even without consensus [3]. This description is the
closest to the concept that Star [1,7,46] originally presented. It
is crucial for design teams to work together effectively and
constructively in the design discipline, even if the backgrounds
and practices differ. Within the design, multilayered interactions
can occur, and through the development of co-design practices,
users can become active participants in design projects and
processes [63,64]. There is a wide variety of methods in design
to facilitate constructive collaboration between practices in
health innovation, such as hackathons [65-67], future workshops
[68,69], and other creative participatory design methods [70-72].
The potential of the coordination is in (temporarily) overcoming
boundaries and getting to know each other, not in reconstructing
them. This usually fits the design stage where there are no
objectives formulated yet; the problem still needs to be defined,
and the co-ownership of different stakeholders is desirable.

Reflection
The dialogical learning mechanism reflection emphasizes the
role of boundary crossing and boundary objects in realizing,
clarifying, and exchanging differences between practices [3].
Reflection is about expanding perspectives through perspective

taking and perspective making. Together with the identification
mechanism, the reflective mechanism focuses mainly on
meaning-oriented learning processes. Once enacted, the
reflective mechanism results in an expanded set of perspectives
that inform future practices. Within the design discipline, and
as a designer, reflection is essential. Schön [73] describes the
creative process as a continuous process of reflection in action.
Following the theory by Schön [73], designers enfold a
continuum of activity by reflecting and acting within a new
situation. The designer and stakeholder reflections help to frame
and move the problem toward the common ground. Both the
designer and the parties at stake continuously learn and reflect
in a dialogical way. This dialogical learning is essential within
participatory design, as participatory design sees people as the
real experts of domains and experiences [74]. The notion of
design of Simon [75] that design attempts to change existing
situations into preferred ones transcends the designer’s role in
a complex setting; the whole network of stakeholders is
necessary to get to the preferred situation. In a complex context,
the preferable situation is inherently multileveled; therefore, it
seems essential that different stakeholders reflect and expand
their perspectives to formulate constructive objectives and
inform future practice. A new change space might occur through
dialogic reflection, where there is room for new ways of framing
the problem by highlighting its paradoxes and eventually
generating different possible solutions [76,77]. The reflective
learning mechanism is often enacted by proposing or evaluating
an intervention [3], which fits the nature of design by testing
and assessing specific ideas, visualizations, concepts, and
prototypes. The focus on social change and the emergence of a
shared mental model regarding perspective making and
perspective taking, informing future practice, might be a specific
addition to the design process direction, providing social support
to frame and reframe the problem. Unlike the identification
mechanism, reflection is about overcoming boundaries and
shaping future practice, where stakeholders are aware of the
different perspectives resulting from perspective taking and
perspective making.

Transformation
The dialogical learning mechanism transformation is about
collaboration and the development or codevelopment of new
practices [3]. The transformation mechanism is characterized
by the process from a shared awareness of a problem to the
development and, eventually, the crystallization of a new and
maintainable setting. The ill-structured context becomes one
where the innovation is characterized by tailored use. The
emergence of a new context such as this is often the ultimate
goal of both innovation and design. In the transformation phase,
a shared problem space is necessary to get the whole network
moving. Therefore, dialogical reflection in the system seems
essential to advance a network to the transformation or change
space.

Although there are design activities at the intersection of
learning mechanisms, the learning mechanisms seem to be
suitable for evaluating the degree of social change during the
design process. In addition to the continuous reflection on the
development of the product and the frame, it can be of added
value to reflect on the social process early in the design process,
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using learning mechanisms to increase the chances of integration
and adoption.

Aims
Focusing on innovation in health, this study aims to find out
whether the different learning mechanisms can be linked to
studies on health innovation that mention boundary objects as
a concept and assess whether the related mechanisms provide
insight into the stage of the design and implementation or change
process.

Methods

Databases and Search Strategy
The following six databases were searched for potentially
relevant abstracts: PubMed, Scopus, Education Resources
Information Center, PsycINFO, Information Science and

Technology Abstracts, and Embase. These databases cover a
wide range of published research in the field of health care.
They were selected after several trial searches in various
databases and after consultation with an information specialist
in health science. The terms that were used for the search in
PubMed are presented in Textbox 1.

Owing to differences in search engine functionality, the method
by which terms were entered differed per database. A complete
overview of the terms is included in Multimedia Appendix 1.
Searches included papers published between 1989, when Star
[1] introduced the concept of boundary objects, and September
2020. Before the definitive search, we performed 3 trial searches
with different terms to reduce the possibility of missing relevant
studies. We conducted a definitive search on September 23,
2020. We followed the PRISMA (Preferred Reporting Items of
Systematic Reviews and Meta-Analyses) guidelines [78] as
much as possible to report this review.

Textbox 1. Search terms used for relevant abstracts in PubMed.

Search terms

• (boundary object*[tiab] OR boundary cross*[tiab]) AND (“Diffusion of Innovation” [Mesh] OR “Organizational Innovation” [Mesh] OR
“Research” [Mesh] OR “Interdisciplinary Communication” [Mesh] OR “Negotiating” [Mesh] OR dialogic*[tiab] OR participatory[tiab] OR
learn*[tiab] OR innovat*[tiab] OR design*[tiab] OR develop*[tiab] OR research*[tiab] OR interdisciplin*[tiab] OR cross disciplin*[tiab]
OR multidisciplin*[tiab] OR negotiat*[tiab] OR mediat*[tiab])

Study Selection and Inclusion and Exclusion Criteria
We included studies that discussed boundary objects or
innovations in health. We included only original reports or
papers that (1) mentioned boundary objects, (2) involved an
empirical study, or (3) otherwise focused on a newly developed
or implemented innovation. Papers meeting these criteria were
selected for full-text screening.

The following exclusion criteria were used for full-text
screening: (1) non–peer-reviewed papers such as abstracts,
conference posters, or trade journals; (2) papers with full text
not available; (3) papers in languages other than English; (4)
monographs or short reports; and (5) papers with not sufficient
information in the abstract.

Screening Process
After removing the duplicates, the papers were screened based
on title and abstract using Rayyan [79]. A total of 2 reviewers
(GT and DK) independently reviewed all titles and abstracts,
who were double-blinded for relevance with the formulated
inclusion and exclusion criteria. Papers were only included on

the agreement of both GT and DK, where a plausible
argumentation for consideration of inclusion always led to
inclusion. Full-text papers were retrieved after this step. During
the full-text screening phase, the first 20% of the papers were
randomly selected and double-blind reviewed by 2 reviewers
(GT and LV). After this scan, no disagreements occurred about
inclusion or the identified mechanisms. Then, the main reviewer
(GT) reviewed the other included papers for a full-text reading.

Results

Search Results
Our initial search yielded 3102 records. Of the 3102 records,
after removing the 916 (29.53%) duplicates, 2186 (70.47%)
records were screened based on their titles and abstracts. Next,
of the 65 records, we screened the full text, leaving 25 (38%)
papers for inclusion (see Figure 1 for a flowchart of the results
in the different selection stages). In both stages, there was a
consensus between the reviewers on both the inclusion and
analysis of the papers.
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Figure 1. Flowchart of the selection process. ERIC: Education Resources Information Center; LISTA: Library, Information Science and Technology
Abstracts.

General Findings
The studies included in this systematic review had varied study
designs and topics. Table 1 presents the study designs, topics,
and characteristics. All the included articles were published
after 2008.

We studied full-text papers on applying the concept of boundary
objects; whether this concept was used to describe daily life
situations or situations where there was innovation either in its
development, implementation, or postimplementation stage;
and if ≥1 dialogical learning mechanisms could be identified.
In the following section, we categorize the papers based on their
mechanisms and the situations they applied to.
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Table 1. Papers included in the systematic review.

PhaseIdentified learning mecha-
nisms

TitleStudy

PostimplementationAnalyzing the diffusion and adoption of mobile ITa

across social worlds

Nielsen and Mengiste, 2014
[80]

• Identification
• Transformation

OperationalAntimicrobial resistance, inflammatory responses: a
comparative analysis of pathogenicities, knowledge
hybrids and the semantics of antibiotic use

Lambert et al, 2019 [81] • Identification

Development and implementa-
tion

Boundary breaking in a hospital: expansive learning
between the worlds of evaluation and frontline work

Kajamaa, 2011 [82] • Identification
• Coordination
• Reflection
• Transformation

Development and implementa-
tion

Boundary factors and contextual contingencies:
configuring electronic templates for health care pro-
fessionals

Bjørn et al, 2009 [83] • Identification

ImplementationBoundary objects for institutional work across service
ecosystems

Sajtos et al, 2018 [84] • Identification
• Coordination
• Reflection
• Transformation

Development and implementa-
tion

Boundary objects in clinical simulation and design
of eHealth

Jensen and Kushniruk, 2016
[85]

• Identification
• Coordination
• Reflection
• Transformation

OperationalClinical vocabulary as a boundary object in multidis-
ciplinary care management of multiple chemical
sensitivity, a complex and chronic condition

Sampalli et al, 2011 [86] • Coordination

OperationalBoundary objects in the multidisciplinary care man-
agement of chronic conditions: multiple chemical
sensitivity

Sampalli et al, 2009 [87] • Coordination

Postimplementation analysisBoundary objects, social meanings and the success
of new technologies

Fox, 2011 [88] • Transformation

ProjectBoundary-crossings among health students in inter-
professional geropsychiatric outpatient practice:
collaboration with elderly people living at home

Jentoft, 2020 [89] • Coordination
• Reflection

Development and implementa-
tion

Care pathways as boundary objects between primary
and secondary care: experiences from Norwegian
home care services

Håland et al, 2015 [90] • Coordination
• Reflection
• Transformation

DevelopmentCase-mix system as a boundary object: the case of
home care services

Sajtos et al, 2014 [91] • Coordination

DevelopmentCo-designing a digital platform with boundary ob-
jects: bringing together heterogeneous users in health
care

Islind et al, 2019 [44] • Identification
• Coordination
• Transformation

OperationalCollaboration in health care through boundary work
and boundary objects

Meier, 2015 [92] • Coordination

OperationalHuman embryos as boundary objects? Some reflec-
tions on the biomedical worlds of embryonic stem
cells and preimplantation genetic diagnosis

Williams et al, 2008 [93] • Identification

OperationalIntegrative health care in Israel and traditional Arab
herbal medicine: when health care interfaces with
culture and politics

Keshet and Popper-Giveon,
2013 [94]

• Identification
• Coordination
• Reflection
• Transformation

Development and implementa-
tion

Knowledge sharing and health care coordination: the
role of creation and use brokers

Marabelli et al, 2017 [95] • Identification
• Coordination
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PhaseIdentified learning mecha-
nisms

TitleStudy

Development and implementa-
tion

• Identification
• Coordination
• Transformation

Learning in home care: a digital artifact as a designat-
ed boundary object-in-use

Islind and Snis, 2017 [96]

Operational• CoordinationThe mediating role of documents: information shar-
ing through medical records in health care

Isah and Bystroöm, 2020
[97]

Postimplementation• CoordinationPatient experiences of diabetes eHealthGregory et al, 2014 [98]

Postimplementation• TransformationA Sociotechnical history of the ultralightweight
wheelchair: a vehicle of social change

Stewart and Watson, 2019
[99]

Postimplementation and opera-
tional

• Coordination
• Identification

Translating health care research evidence into prac-
tice: the role of linked boundary objects

Melo and Bishop, 2020
[100]

Development• Identification
• Coordination

Understanding the dynamics of learning across social

worlds: a case study from implementing ISb in the
Ethiopian public health care system

Mengiste and Annestad,
2013 [101]

Development and implementa-
tion

• CoordinationDoing infrastructural work: the role of boundary ob-
jects in health information infrastructure projects

McLoughlin et al, 2016
[102]

Development• Coordination
• Reflection
• Transformation

Design of a digital comic creator (It's Me) to facilitate
social skills training for children with autism spec-
trum disorder: design research approach

Terlouw et al, 2020 [57]

aIT: information technology.
bIS: information system.

Identification
Of the 25 papers, 2 (8%) [81,93] described a medical term as a
boundary object to identify different medical terms’
interpretations over different contexts or disciplines. Lambert
et al [81] approached terms such as infection, antibiotics, and
inflammation as boundary objects. Williams et al [93]
conceptualized embryos to find out how they were
decontextualized and recontextualized within and between 2
different cultural systems. In both studies, existing beliefs were
reinforced, and the studies aimed to identify local differences
by applying the identification mechanism in a noninnovation
context.

In 8% (2/25) of the papers, the identification mechanism was
deduced in more innovative projects. Nielsen and Mengiste [80]
described in their study an analysis of the adoption of mobile
information technology innovation for home care. The
innovation functioned as a boundary object on the level of
influential stakeholders (ministry, local government, and
managers). Managers and care workers revealed different
interpretations of the technology’s value and potential, resulting
in resistance and tension. The technology seemed to reinforce
existing differences between activity systems at the level of
managers and care workers. The authors proposed a bottom-up
approach and more involvement of end users in the future. This
technology seemed to reinforce existing differences, triggering
the identification mechanism.

Bjørn et al [83] described “conflicting perspectives between
standardization and reconfiguration embedded within hospital
information systems (HIS) design activities.” In their study, the
authors considered an electronic triage and tracking system as

a boundary object. Users indicated whether they could work
with the system and how. This led to adjustments and
reconfigurations in the system and, presumably, better adoption
of the system but not to, for example, perspective taking between
different groups. Differences were primarily sought for user
groups to use the system optimally by having them respond to
the system, thus using the identification mechanism in this study
in a constructive way to retrieve specific input.

Coordination
In 16% (4/25) of the papers, we identified the coordination
mechanism to facilitate cooperation in daily practice.
Approximately 50% (2/4) of these papers presented controlled
clinical vocabulary to facilitate and coordinate collaboration
between different professionals [86,87]. Approximately 50%
(2/4) other studies make use of data or narratives to facilitate
multidisciplinary cooperation. Meier [92] described an
ethnographic study of 2 hospital wards. Patients’ stories,
especially their narratives and patient records, formed the
boundary objects to make constructive multidisciplinary work
possible. A study by Isah and Bystroöm [97] focused on the
role of case notes as mediating artifacts in patient care. Their
study demonstrated how case notes were a source of information
and an essential, enacting, and mediating part of the work itself.
The case notes seemed to be multipurpose; they served as a
repository of information and knowledge and supported and
mediated a plethora of the medical team’s work activities in
patient care. It was evident that the case notes served as a
coordinating mechanism between the participating actors.
Besides facilitating and fortifying many day-to-day functions
in patient care, case notes have established themselves for
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deliberate learning; they embody a clerkship template and enable
newcomers to integrate and perpetuate the practice.

In 12% (3/25) of the papers, we identified a coordination
mechanism to promote innovation. The coordination mechanism
was identified in the first of 2 included papers from Sajtos et al
[91], where the authors reported a case study of developing a
case-mix system. Their study illustrated a process to address
the diverse meanings and interests of various stakeholders to
overcome communication and organizational challenges. They
presented a funneling framework. A so-called boundary concept
evolved through stakeholder input into a boundary object in a
second step and a solution in the final step. Both principles and
constraints were identified and addressed in the final solution
by aligning the stakeholders’ interests. In the project, no clients
were directly involved, and it remains unclear whether and how
the design itself was subject to flexibility along the way or that
the project was mainly about fine-tuning a design.

Gregory et al [98] evaluated a diabetes eHealth system in their
study. They described the use of the system as a boundary object
for developing an understanding of why the eHealth system
was used in a wide variety of ways, enabling coordination over
stakeholder groups. McLoughlin et al [102] reported 4 case
studies of health information infrastructure projects, where they
approached the health information systems as boundary objects.
Two of the projects were on a regional level, and 2 projects
were on a national level. In the regional projects, the boundary
objects managed and facilitated collaboration in using health
data for different purposes by different users. At the national
level, the 2 boundary objects instantiated top-down attempts
and struggled more to trigger some effects.

Reflection
We identified no papers which merely reported the reflection
mechanism.

Transformation
The transformation mechanism was identified in 8% (2/25) of
the studies. Both studies described a more extended
transformational development in retrospect. Fox [88] described
the development of antiseptic and aseptic environments during
surgery. In a historical case study, the report assessed the
innovations in surgical sterility and how boundary objects
worked over time. For example, in this study, nose masks were
considered boundary objects in their relationship to social
meanings within communities of practice. In the conclusions,
the researcher described positive and negative boundary objects
and concluded the following:

Boundary objects are not merely passive vehicles that
allow communication between communities of
practice or knowledge but elements that encapsulate
the broader social meaning of a concept, theory,
technology or practice, and the underlying relations
surrounding its development and adoption.

This study described the surgery profession’s transformation
process, partly through boundary objects, from only a healer of
disease to a healer of disease who was also a safety procurer.

The second historical perspective was written by Stewart and
Watson [99], who described the development of the
ultralightweight wheelchair and its social implications. As a
boundary object, the ultralightweight wheelchair had a
significant transformational impact on the use of wheelchairs
in the daily lives of users of wheelchairs. According to the
authors, the wheelchair as a boundary object provided many
insights through various interpretations of the artifact. It
reflected views about users of wheelchairs and disability more
generally and how the ultralightweight wheelchair as a boundary
object seemed to manifest power relations between the diverse
communities it engaged.

Multiple Mechanisms

Overview
Of the included 25 studies, in 12 (48%) studies, we identified
≥1 mechanism. Of these 12 papers, 3 (25%) focused more on
structuring everyday practices, 9 (75%) identified multiple
mechanisms that focused explicitly on developing or
implementing a new tool, 6 (50%) were concentrated mainly
on professionals and professional collaborations, and 3 (25%)
actively focused on processes involving clients or patients at
the center.

Studies Structuring Everyday Practice
Jentoft [89] described in her research boundary-crossing
activities among physical therapy and medical students in
interprofessional geropsychiatric outpatient practice. In the
study, the students visited older clients living at home on 2
occasions. On the basis of these visits, the students considered
suitable interventions for clients to enhance their quality of life,
health outcomes, and well-being. After that, students wrote a
health record to document their professional and
interprofessional views on the cases. The health record and its
content served as the boundary object during the study. The
health record itself coordinated collaboration between the
different disciplines by helping them plan examinations and
establish a relationship with the client. The health record content
enhanced reflection and negotiation and ensured that students
understood the other’s (professional) perspective better. In
conclusion, the boundary objects led to more effectiveness and
improved evaluation quality through better interprofessional
collaboration, and students became more knowledgeable about
what others and other professions did in practice.

Keshet and Popper-Giveon [94] explicitly used the learning
mechanisms of Akkerman and Bakker [3] to describe the
integration of local traditional medicine within complementary
medicine. Their article aimed to contribute to the “contemporary
critical debate in medical anthropology concerning medical
pluralism and integrative medicine” by highlighting the
exclusion of traditional medicine. Through ethnographic
fieldwork, they focused on a group of integrative physicians
who had recently begun integrating conventional herbal
medicine. By conceptualizing traditional medicine as a boundary
object, they attempted to bridge professional gaps between
biomedicine, complementary medicine, and traditional medicine.
Their study showed that using herbal medicine as a boundary
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object helped overcome barriers and provided a window for
dialog and learning at different levels.

Melo and Bishop [100] described a fall risk scale combined
with a pink wristband as a boundary object. The pink wristband
was used to signal patients with a high fall risk, measured by a
falling score. Communicating the meaning of the pink wristband
to other hospital staff improved the coordination and facilitation
of work organization around persons with higher fall risk.

Studies Focusing Mainly on Professional Collaboration
This section describes the 24% (6/25) of papers where multiple
identified mechanisms focused on developing or implementing
a new tool to enhance or trigger professional collaboration. In
33% (2/6) of these papers, we discovered the identification and
coordination mechanisms. Marabelli et al [95] described the
development and implementation of a summary medical note
(the single point of care]) carried by parents between the
specialists involved in their child’s care. Their paper described
the single point of care as a boundary object with coordinative
mechanics to enhance and facilitate communication between
different stakeholders. In the predevelopment phase, parents
had an important role in identifying and addressing the problem.
The interviews and sessions had the characteristics to trigger
the identification mechanism. In their analysis, the authors
demonstrated that “the SPOC’s effectiveness can be understood
by looking at the combined roles of boundary objects and human
brokers.”

Mengiste and Annestad [101] reported a case study on the
implementation of information systems in the Ethiopian public
health care system. The paper analyzed how this software
functioned as a boundary object. They found that the software
did not just facilitate cooperation among the actors; the software
as a boundary object also had a role in bringing the existing
differences to the foreground, applying the identification and
coordination mechanism. In addition to the software, which the
authors explicitly called a boundary object, many sessions,
workshops, test sessions, and prototypes were described, which
also had the characteristics of boundary objects.

In the paper by Håland, Røsstad, and Osmundsen [90],
coordinating and reflection mechanisms were identified. They
studied the development, introduction, and use of “a care
pathway across healthcare levels focusing on older
home-dwelling patients in need of home care services after
hospital discharge.” Their study explored how care pathways
can use the concept of boundary objects in translation between
specialist health care services and home care services. Interviews
with the project participants found that the “response to existing
needs, local tailoring, involvement, and commitment are all
crucial for the care pathway to function as a boundary object.”
Furthermore, they described that the artifact could “push
boundaries just as much as it can be used as a tool for bridging
across them” [90]. By introducing the care pathway system
early, as an idea, to different stakeholders, they could address
specific needs in the system, resulting in better integration. The
introduction of the care pathway system led to collaboration
and coordination among organizations, better understanding,
reflection on different perspectives (eg, between home care

workers and hospital care workers), and new ways of working
in transformed activity systems.

In 12% (3/25) of the papers focusing on professionals and
professional collaboration, we identified all 4 mechanisms.
Jensen and Kushniruk [85] presented a case study on a
participatory design process of electronic documentation
templates for nurses, which they used for patient assessment:

Clinical simulation was used as a boundary object
and thereby achieved mutual clinical agreement on
the content. By using clinical simulation, knowledge
was transferred and transformed between the different
communities of practice to support gaining a shared
understanding.

This was mainly to overcome organizational barriers. As they
presented in their case study, the clinical simulation might have
helped form “shared mental models and shared understanding
of user requirements, work practice and organizational
requirements” within an innovation project. The boundary
objects approach helped analyze vital issues and triggered a
reflective approach to improving solutions. This case study
showed that the adoption and acceptance of new technology
might be significantly improved by leading end users and other
important stakeholders within the organization through all
mechanisms.

Sajtos et al [84] introduced the concept of boundary objects to
facilitate institutional work across different ecosystems through
a case-mix system. They conducted qualitative interviews with
three key actors—funding agency, service provider, and
clinicians—to identify these actors’ views on the nature of
home-based support services and their impact as a boundary
object within the implementation of a case-mix system. Their
analysis was based on three interviews: 1 before introducing
the case-mix system, 1 just after the introduction, and 1 after
the introduction. This provided a comprehensive view of an
implementation process in which the concept of boundary
objects was juxtaposed. The prephase mainly reported data
reflecting the identification mechanism, where actors defined
themselves mainly through differences between them. After the
introduction, the case-mix system as a “boundary object enabled
the actors to reframe and theorize about their idiosyncratic
meanings of healthcare provision and embrace some new
aspects.” This led to perspective making and reframing of their
own views to eventually use a jointly operated system by
introducing new routines and practices that identified the
reflection and transformation mechanisms. The reported study
seemed to reflect the fluid implementation process by using the
concept of boundary objects. The study did not report any
adjustments made to the artifacts themselves because of the
activated mechanisms or design rationale.

Kajamaa [82] reported a case study on the innovative creation
process of an assessment tool in which nurses and quality
controllers participated. Through different steps, the diverse
needs of nurses and quality officers were reinforced and
addressed. Both stakeholder groups collaborated on developing
a tool, reflected on designs that led to perspective making and
perspective taking, and finally started the implementation
process together. The different in-between versions of the tool
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acted as boundary objects. During implementation, 2 events
occurred. The first event resulted from new circumstances,
which were illustrative of solutions: problems are not static.
This event was overcome during the project. The second event
led to a breach of trust between the stakeholder groups and,
thus, to the project’s end. The initially overcome differences
between the stakeholder groups were reinforced again by
triggering the identification mechanism in a different way than
the first time.

Studies Involving Clients or Patients
Of the 25 studies, 3 (12%) actively focused on processes
involving clients or patients at the center. In these studies, clients
or patients actively participated, and 3 mechanisms were
identified. Islind et al [44] applied the concept of boundary
objects in a co-design project for a digital platform at a clinic
that supported cancer patients in their struggles with
treatment-induced illnesses. This paper explicitly explored the
functions that boundary objects can have in a design process
and how they were engaged in the different design phases. Islind
et al [44] described the following three types of boundary
objects: narratives as open boundary objects in the first phase,
metaphorical boundary objects as semiopen boundary objects
in the second phase, and structured boundary objects in the third
phase. Although the focus was more on the boundary objects’
different characteristics during a design project, implicitly, the
mechanisms that the boundary objects enacted were also
described. The first type of boundary objects—the
narratives—seemed to trigger the identification mechanism to
better understand the user groups:

The narratives, in the forms of patient stories, played
a central role for understanding the patient group
and the healthcare professionals as the needs of both
user groups needed to be accommodated for.

In a way, the narrative became the container of the
essence of being a patient.

In what Islind et al [44] called the metaphorical phase, boundary
objects facilitated conversation, collaboration, and consultation
among stakeholders, aligning with the coordination mechanism.
In the structured phase, the boundary objects matured more as
prototypes. They triggered a conversation about the platform’s
future functions, aligning with the first signs of transformation.
Their conclusion stated the following:

Designing with boundary objects might slow down
the design process initially but actually speed up the
programming process as fewer aspects will come as
a surprise during the software development when
everything has been negotiated thoroughly on
beforehand.

In a study by Islind and Snis [96], the focus was on developing
and deploying a mobile health (mHealth) artifact for groceries
in home care settings. An mHealth artifact “was tested to see
how the quality of home care work practice was enhanced and
changed.” The mHealth artifact was presented in this paper as
a boundary object. The authors presented the artifact as a
designated boundary object and a boundary object in use. As a
boundary object, the mHealth artifact triggered different

mechanisms. In conversations, the tool reinforced the identity
of older adults. For example, they realized how long they had
not been to a grocery store. From the older adults’ perspective,
the boundary object functioned as “a substitute for their previous
buying groceries.” From the caregivers’ perspective, the
boundary object was designed to “support a more efficient
working process,” triggering both coordinate and
transformational mechanisms. The time earlier spent in the
grocery store now went to the older adults, leading to more
caregiving quality in praxis. The mHealth tool was described
as follows:

Mediating tool for a deepened caring
conversation-in-practice where interactions and
realizations generate new emerging properties and
opportunities. The boundary object-in-use proved to
function as a conversation starter where the use
facilitated fruitful conversations between the elderly
and caregivers about new aspects of grocery
shopping.

In addition, new diet and “nutrition explorations were interpreted
and negotiated via their evolved conversation.” This reshaping
of the home care practice affected the caregivers’ role, “evolving
into a more meaningful caretaking and nurturing role.”

Terlouw et al [57] described the development of a digital comic
creator for children with an autism spectrum disorder. The
digital tool was approached during the process and designed as
a boundary object, aiming to connect the different stakeholders’
objectives. This led to an inclusive design and triggered
reflection and transformation learning mechanisms along the
way.

Discussion

Boundary Objects in Health
This review shows that the concept of boundary objects has
found its way into health care. The use of the concept has been
growing since 2008, with a significant number of papers
describing boundary objects from the past 5 years. In the
reviewed studies, we see that boundary objects are mainly used
to shape and organize multidisciplinary work, close to the
original explanation of Star and Griesemer [46], or to surface
differences in, for example, interpretation of a concept from
different contexts or disciplines. In the 25 papers, 38
mechanisms were identified, of which 15 (39%) were
coordination mechanisms, and 10 (26%) were identification
mechanisms. In addition to the organizing and performative
effect, boundary objects can reinforce boundaries and create
conflicts. In addition to the proposition by Star and Griesemer
[46], Oswick and Robertson [103] referred to barricades and
mazes that generate conflict and reinforce boundaries and
existing differences, something that Langley et al [48] also
described as part of competitive boundary work. This can be
an opposing and perhaps unwelcome side of the identification
mechanism in terms of change management. In the study by
Kajamaa [82], we saw this effect. First, in what seems a fluid
development and implementation process, they applied the
identification mechanism to identify different stakeholders’
needs. After implementation, 1 event led to a breakdown of
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trust between stakeholders, which led to the project’s
withdrawal. After this event, the boundary object was primarily
used to name the significant differences between stakeholders
and compete for a position without the other.

Although the concept of a boundary object was introduced to
describe how specific artifacts can fulfill a bridging function
between different sociocultural sites [1] and thus, have a social
focus, the focus in the included papers was often on the
boundary object itself rather than the social effect. Various
labels were given to boundary objects in different studies, which
described a more designerly process for an artifact. In the
different included and excluded studies, we saw a differentiation
between designated boundary objects and boundary objects in
use [96,104,105]. This differentiation can be seen as parallel to
the design research process. An artifact or solution continues
to take shape and is developed in small steps from prototype to
object in use. The analogy can also be made by applying a
boundary object from a more ill-structured to a more
well-structured context. In a second included paper of Islind et
al [44], they described three types of boundary objects:
narratives as open boundary objects in the first phase,
metaphorical boundary objects as semiopen boundary objects
in the second phase, and structured boundary objects in the third
phase. Although again, the focus was more on the development
of the object itself rather than the effects of the object in the
social context, parallels can be drawn with a design process and
application of the learning mechanisms in practice, as can be
seen in the results.

The reflection and transformation mechanisms are
underrepresented in the included studies. Of the 25 studies, 2
(8%) describe the transformative effect of boundary objects
from a historical perspective [88,99], describing a long timeline
of a particular development. However, it is difficult to determine
the impact of the boundary object itself in retrospect as it is
likely that many more variables played a role in the
transformational processes. In addition, it is difficult to
determine, in retrospect, whether the boundary objects were
deliberately deployed for the given purpose. The reflective
mechanism was the least identified in all the papers. However,
in the papers in which the reflective mechanism took place
[57,82,84,85,90], there was a much smoother adaptation and
application of the innovation or tool afterward. There was more
shared ownership of the problem and solution in the processes
described and more consideration of other perspectives along
the way. This reinforces the idea of reflection as an essential
step in the design process, especially in a more complex setting
with multiple stakeholders, needs, and interests. When these
are appropriately addressed in the design through a boundary
object’s focus and, simultaneously, addressed within the design,
more mutual understanding arises. This leads to a natural
emerging change space where everyone is willing to move
forward [76,77].

On the basis of the findings of this study, for future design and
implementation projects, the social focus of boundary objects
can add value to innovation projects. Pursuing to trigger the
reflective mechanism can lead to the benefit of more fluid and

smooth integration of innovation into practice. Here, the
boundary object perspective avoids the pursuit of consensus,
which often proves unfeasible in complex practices with many
stakeholders. The reflective mechanism creates a shared
awareness that there are multiple perspectives and needs. This
awareness can lead to a shared change space in which innovation
can flourish.

Strengths and Limitations
As seen in previous research [106], little attention has been paid
to describing a conscious rationale for designing innovative
artifacts in health care research. This makes it hard to determine
the thoughts and foundations of a designed object. In this study,
this fact also made it difficult to ascertain the intent behind the
deployment of particular boundary objects. The effect was often
identifiable; however, it was impossible to determine whether
it was directed or accidental without knowing the intention. In
addition, no study described what changes were explicitly made
to a prototype or design after a specific stakeholder workshop
or meeting. The often implicit focus on effect is evident in health
care research, making it difficult for innovative design processes
to get sensible insight into the design rationales of others.

Another observation was that many innovations in the included
studies were more administrative systems, such as electronic
patient files. These are pre-eminently systems with which
different disciplines must work, and boundary objects are thus
helpful; however, 12% (3/25) of studies showed that boundary
objects are also of added value in research in which clients or
patients have an active role. This observation raises the idea
that there are still more gains that can be found by involving
end users earlier in design processes.

The included papers were subject to the interpretation,
discussion, and consensus of the reviewers (GT, DK, and LV).
To counteract subjectivity as much as possible, papers were
double-blind reviewed by 2 reviewers in the title and abstract
scan (GT and DK). They were only included in the consensus
of both reviewers. In the full-read phase, 20% (13/65) of the
papers were double-blind reviewed by 2 reviewers (GT and LV)
before they were discussed. No disagreements on inclusion
occurred during the discussion.

Conclusions
The concept of boundary objects has found its way into health
care. In this review, we saw that boundary objects in health are
primarily used to shape and organize multidisciplinary work or
to surface differences in, for example, the interpretation of a
concept from different contexts or disciplines. Although the
concept of a boundary object was introduced to describe how
specific artifacts can fulfill a bridging function between different
sociocultural sites and thus have a social focus, the focus in the
included papers was often on the boundary object itself rather
than the social effect. The reflection and transformation
mechanisms were underrepresented in the included studies;
however, based on the findings in this review, pursuing to trigger
the reflective mechanism in design, development, and
implementation projects can lead to the benefit of more fluid
and smooth integration of innovation into practice.
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Abstract

Background: A compassionate, respectful, and caring (CRC) health professional is very important for human-centered care,
serving clients ethically and with respect, adhering to the professional oath, and serving as a model for young professionals. As
countries try to achieve universal health coverage (UHC), quality delivery of health services is crucial. CRC health care is an
initiative around the need to provide quality care services to clients and patients. However, there is an evidence gap on the status
of CRC health care service delivery.

Objective: This scoping review aimed to map global evidence on the status of CRC health service delivery practice.

Methods: An exhaustive literature review and Delphi technique were used to answer the 2 research questions: “What is the
current status of CRC health care practices among health workers?” and “Is it possible for health professionals, health managers,
administrators, and policy makers to incorporate it into their activity while designing strategies that could improve the humanistic
and holistic approach to health care provision?” The studies were searched from the year 2014 to September 2020 using electronic
databases such as MEDLINE (PubMed), Cochrane Library, Web of Science, Hinari, and the World Health Organization (WHO)
library. Additionally, grey literature such as Google, Google Scholar, and WorldWideScience were scrutinized. Studies that
applied any study design and data collection and analysis methods related to CRC care were included. Two authors extracted the
data and compared the results. Discrepancies were resolved by discussion, or the third reviewer made the decision. Findings from
the existing literature were presented using thematic analysis.

Results: A total of 1193 potentially relevant studies were generated from the initial search, and 20 studies were included in the
final review. From this review, we identified 5 thematic areas: the status of CRC implementation, facilitators for CRC health care
service delivery, barriers to CRC health care delivery, disrespectful and abusive care encountered by patients, and perspectives
on CRC. The findings of this review indicated that improving the mechanisms for monitoring health facilities, improving
accountability, and becoming aware of the consequences of maltreatment within facilities are critical steps to improving health
care delivery practices.

Conclusions: This scoping review identified that there is limited CRC service provision. Lack of training, patient flow volume,
and bed shortages were found to be the main contributors of CRC health care delivery. Therefore, the health care system should
consider the components of CRC in health care delivery during in-service training, pre-service training, monitoring and evaluation,
community engagement, workload division, and performance appraisal.

(JMIR Hum Factors 2022;9(1):e30804)   doi:10.2196/30804
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Introduction

Background
Compassionate, respectful, and caring (CRC) health care
delivery is an essential element for health workforces that builds
a positive environment and intimacy among health care
professionals, patients, and families. Worldwide, improving the
quality of care using the limited skilled health workforce is a
major challenge facing the health care system [1]. Universal
health coverage (UHC) is realized when everyone has access
to quality essential health care services with financial risk
protection [2,3]. However, each year, almost half of the world’s
population cannot access the needed health services, and
millions of people are forced into extreme poverty due to
catastrophic out-of-pocket health expenditures [4].

An effective health system helps to promote UHC through the
provision of equitable, quality, responsive, efficient, and resilient
health services [5-7]. The health workforce is one of the 6
building blocks that make a health system function [8].

CRC health professionals are crucial to the strategy designed
to improve the quality of care and which has several benefits
for both the provider and end service users. Supporting a
movement toward creating a CRC health workforce is in the
agenda of most African countries [9-11]. In order to realize this
vision, intensive effort by leaders and health managers at all
levels of the health sector [12,13] as well as supporting systems
and structures [14] are required.

Compassion and acting to relieve concerns, pain, distress, and
suffering are fundamental to health care; these define the higher
purpose of the health care system. Respect for people goes
beyond accepting the notion or attitude that people have
autonomous choice; rather, it is treating others in such a way
that enables them to make the choice. Respecting the patient’s
right to self-determination, that is supporting decisions that
reflect the patient’s personal beliefs, values, interests, and
problems, is thus central [12,15].

Even though a lot has been done globally to improve the health
status of the population, it is still failing at a fundamental level
[16-18]. The qualities of caring, respect, and compassion, which
form the basis of care delivery and the human aspects that define
it, have been replaced by a primary focus on pathways, tasks,
and documentation [12,19].

Hence, this review aimed to assess CRC practices in health care
delivery and highlight the reality of the situation. The goal was
to identify key issues in developing guidance for health
professionals, health managers, administrators, and policy
makers, to inform and refine strategies that could improve the
humanistic and holistic approach of health care provision.

Rationale for the Review
Ensuring CRC health services is one of the most important
facilitating factors to increase access to and the continuum of
care. However, challenges to implementing CRC health services
persist and reflect large disparities across geographic areas and
population groups [20-22]. Little is known about the status of

CRC practices in the health systems and their underlying
determinants.

Hence, this scoping review of the literature aimed to draw out
the evidence regarding the current status of CRC health service
delivery and design a CRC implementation strategy. In addition,
this review of the literature aimed to identify the possible health
care practices research areas that need critical insight and further
investigation.

Methods

Literature Search and Search Methods
Our review aimed to identify the available evidence to provide
an overview of the scoping review objectives of the current state
of knowledge on CRC health service practices. This review was
conducted following the PRISMA-ScR (Preferred Reporting
Items for Systematic reviews and Meta-Analyses extension for
Scoping Reviews) checklist, and it was guided by Joanna Briggs
Institute (JBI) scoping review guidance [23,24]. A search was
conducted for published and unpublished (grey) literature on
the research area in the following electronic databases:
MEDLINE (PubMed), Cochrane Library, Web of Science,
Hinari, and the World Health Organization (WHO) library.
Moreover, grey literature was searched on Google, Google
Scholar, and WorldWideScience. All studies published from
2014 to September 2020 were considered. We used different
combinations of keywords and text to build the search strategy
and identify relevant articles. The searching techniques for
PUBMED considered Boolean operators with the following
search terms: “((compassion*) OR compassionate OR concern)
OR empathy) OR kindness) OR consideration)) AND ((Respect*)
OR Respectful) OR deferent*) OR reverent*) OR polite*) OR
courteous) OR considerate) OR civil)) AND ((caring) OR care
OR) kind) OR thoughtful) OR gentle) OR helpful) OR
considerate) OR compassionate) OR concerned) OR loving))
AND ((health professional* OR health personnel* OR health
care provider* OR health care worker* OR nurses OR
Midwives* OR pharmacists OR physicians OR health care
worker*)) AND ((behaviour) OR performance) OR actions) OR
deeds) OR activities) OR manners) OR conduct)) AND ((health
care delivery OR delivery of health care OR performance OR
behaviour OR health care system OR health care systems))”.

To identify the potentially relevant literature, a hand search was
also conducted of the references of the included studies and
websites such as the WHO and Directory of Research on CRC.
Potentially relevant grey literature was identified through
targeted searches of dissertations, theses, and conference
abstracts (EMBASE Conference Abstracts, Conference
Proceedings Citation Index—Science and Social Science &
Humanities).

Scoping Review Research Question
We used a population, concept, and context (PCC) framework
developed by the JBI to determine the eligibility of our primary
research question. The primary research question for this scoping
review was: “What is the current status of CRC health care
practices among health workers?” The other research question
was “Is it possible for health professionals, health managers,
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administrators, and policy makers to incorporate it into their
activity while designing strategies that could improve the
humanistic and holistic approach to health care provision?” This

study used the PCC format (Table 1) to align the study selection
with the aforementioned research question.

Table 1. Eligibility of studies according to the participant, concept, and context (PCC) framework.

ElementsCriteria

All categories of health professionals involved in health service delivery in all levels of public, private, or other sectors of
health care

P: participants

Studies that explored compassionate, respectful, and caring behaviors by health professionals in different forms were included.
Compassionate care, compassion, and empathy in health care delivery, respectful health care, and caring behavior exhibited
by health professionals as well as related concepts were explored in this review.

C: concept

All countries in the worldC: context

Study Selection Criteria
Textbox 1 outlines the inclusion and exclusion criteria for the
scoping review.

Textbox 1. Inclusion and exclusion criteria for the scoping review.

Inclusion criteria

• Focus on health care providers or health professionals

• Report on health care practices or any health care services provided to any community

• Published from 2014 to September 2020

• Qualitative and quantitative studies

Exclusion criteria

• Publication in a non-English language

• Studies for which a full-text article could not be obtained (ie, studies with no full-text were excluded after repeatedly contacting the authors)

Data Extraction and Management
Data were extracted using a standardized data extraction
spreadsheet. The data extraction sheet included study
characteristics such as author name, year, country, types of
health services with CRC, the purpose of exercising CRC, study
population, study design, and publication year. Data were
extracted by 2 of the authors (AN and DAA) independently.
The level of agreement between the 2 reviewers was measured
using the Cohen kappa level of agreement [25]. The 2 authors
resolved disagreements by discussion, consulting a third author
(BFE) for any persistent disagreements.

Study Selection and Reliability
Initial searches were performed by 2 review authors with
extensive experience in systematic reviews. The screening of
titles, abstracts, and full texts was conducted independently by
2 review authors (AN and DAA). A disagreement regarding the
decision against the inclusion of articles between the 2 reviewers
was resolved by consensus or the third reviewer (BFE).

A second reviewer (DAA) was blinded to the primary reviewer’s
(AN) decision for checking article selection, data extraction,
and risk of bias assessment stages of the reviews. Any
differences of opinion were discussed; otherwise, a third
reviewer (BFE) was available to arbitrate any issues that
remained unresolved.

Data Analysis
The methodological framework for the scoping review was
supposed to present our narrative account of findings in 2 ways
[24]; first, attention was given to the basic numerical analysis
of the extent and distribution of the studies included in the
review. We produced distributions for the study setting
geographically, by urban or rural setting, by type of publications,
and by CRC health services using tables and graphs. Second,
the study findings from the existing literature are presented
using thematic analysis. Then, a code book (Multimedia
Appendix 1) and its definitions were prepared in a separate
Word document. Our narrative literature was then structured
around the themes derived from the study results. The themes
that emerged from the study were (1) facilitators for CRC health
care delivery, (2) barriers to CRC health care delivery, (3)
disrespectful and abusive care encountered by patients, and (4)
perspectives on CRC health care delivery.

Results

Flow of the Search and Study Characteristics
A total of 1193 potentially relevant studies (834 from PubMed,
35 from Google Scholar [advanced], 83 from Google, 47 from
CINAHL, 15 from Hinari, and 179 from Web of Science) were
generated from the initial search. After duplicates were
excluded, 339 studies remained. Then, we excluded most of the
potentially irrelevant papers based on the review of title (n=213)
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and abstract (n=50). Overall, 76 studies were eligible for full-text
screening. After reading the full text, 56 studies were excluded
due to not being related to CRC (n=25), a focus on CRC tool
validation (n=21), and a focus only on the development and
evaluation of a patient-centered measurement tool (n=10); 20
articles were retained for the final review (Figure 1).

Based on the inclusion criteria, 20 studies were included in this
scoping review (Multimedia Appendix 2). The idea related to
compassion in health care service delivery practice was assessed
and explored via a mixed (qualitatively and quantitatively)
approach in 2 studies from the perspectives of health
professionals and patients [26,27].

Figure 1. Flow diagram for the scoping review process adapted from the PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses)
statement. CRC: compassionate, respectful, and caring.

Of the studies included in this review, 3 addressed respectful
care from the perspective of both health care workers and clients,
in relation to respectful maternity care, disrespect and abuse
during labor and delivery services, and patient-centered
communication in Burkina Faso, Nigeria, and China [28-30].
The studies showed that disrespectful and abusive health care
delivery is a common challenge. Caring was also addressed in
3 studies from the perspective of health care workers and clients
in Ghana, Nigeria, and Reggio Emilia, Italy. A study conducted
in Nigeria showed that 93.2% of the respondents had experience
with at least one form of disrespectful and abusive care [31-33].

Care and respectful care were addressed in 4 studies included
in this review from the perspective of midwives, midwifery
students, and clients; the studies discussed any disrespectful or
abusive maternal care and respectful care during labor and

childbirth from their perspective [34-37]. Denial of health care
delivery, overlooking of patient-centered treatment, and low
socioeconomic status were the usual problems with regard to
care and respectful care. In a study conducted in Ghana, about
72% of the respondents said that maltreatment was the common
problem, and 77.4% said private facilities treat their clients
more respectfully than public facilities [37]. Care and
compassion in health care delivery were stated in 2 studies on
the principles of compassion in health care practices and from
the hospitalized patient viewpoint [38,39]. Only 1 study was
conducted on compassionate and respectful health care delivery
and showed that the magnitude of disrespect was 43% [40].

The concepts of compassion, respect, and care were assessed
in 5 studies from the perspectives of health care providers,
clients, and educators of health professionals [41-45]. In this
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review, a study in Ethiopia on the experience of CRC showed
that 55% was good and the remaining 45% was poor. Patients’
perceptions toward CRC were found to be poor in 56% of the
participants [42].

Characteristics of the Included Studies
In this review, 14 studies originated from Africa, namely
Ethiopia, Ghana, Nigeria, Burkina Faso, and South Africa
[27-29,31,32,34-37,40-43,45], and 5 studies were from other
continents, in the countries of Iran, the United Kingdom,
European countries, and China [26,30,33,39,44]. A qualitative
approach was used by 10 of the studies
[28,29,31,33-36,41,43,44], 2 used a mixed approach [27,30], 5
were cross-sectional studies [32,37,40,42,45], 1 was a

descriptive-analytical study [39], 1 was based on expert
consensus [26], and 1 was an expert review [38]. Of the 20
studies, one-half (10/20, 50%) of the studies were from the
perspective of health workers [26,28,29,35-37,41,43,44], 7 of
the studies were from the perspectives of clients
[27,30,32,33,39,40,42,45], and the other 3 studies were from
both health workers’ and clients’ perspectives [31,34] (Table
2). The studies included in this review were published between
2014 [28] and 2020 [45].

Of the 20 studies, 8 were about the services delivered for
maternal health components [28,32-36,40,45], 11 studies were
about the services given for all clients [26,29-31,37-39,41-44],
and 1 study was with oncology patients [27].

Table 2. Summary of studies included in the scoping review of compassionate, respectful, and caring (CRC) health care delivery (2014 to 2020).

Results, n (%)Variable

Perspectives

10 (50)Health professional

7 (35)Client

3 (15)Both

Publication

18 (90)Original article

2 (10)Expert review

Themes in the Studies
Based on the review of the articles, the primary focus of the
included studies fitted broadly into 5 key themes, namely (1)
the status of CRC implementation, (2) facilitators for CRC
health care delivery, (3) barriers to CRC health care delivery,
(4) disrespectful and abusive care encountered by patients, and
(5) perspectives on CRC.

Status of CRC Implementation
Compassionate care is about empathetic conversations with the
client through an evidence- based framework for the safest and
most trustful interaction. This evidence-based framework takes
into account the transcultural settings and needs. Health care is
provided for any individual who is in need of the services in a
good, compassionate manner for all ages and all illnesses, taking
into account the transcultural settings and the needs, wishes,
and expectations of most of the users [26]. Treating the patient
as a person, not just a disease, and listening attentively to
patients are the elements of compassionate care with the highest
rating [27]. In this review, the status of compassionate and
respectful maternity care and associated factors in health
facility–based childbirth was identified, and the prevalence of
experienced compassionate and respectful maternity care was
57% [40].

Patient-centered care was examined with the elements of a
patient-centered care framework: respecting patients’ values,
access to care, information access, patient empowerment, family
and friend involvement, emotional support, and continuity of
care [46]. This review showed that patients experienced at least
one form of disrespect and abuse during health care service
utilization [32,45].

Facilitators for CRC Health Care Delivery
There were a number of facilitators that enabled the health care
delivery system by integrating the elements of CRC into every
component of health care. Shared decision-making, fundamental
principles of compassionate care, knowledge and technical skill
building, in-service education, monitoring and accountability,
sociodemographic characteristics of individuals, and ensuring
comprehensiveness of care are some of the facilitators coded
under these themes.

Shared Decision-making
Health care is provided for any individual who is in need of the
services and in a compassionate manner for all ages and all
illnesses, taking into account the transcultural settings and the
needs, wishes, and expectations of most of the users.
Considering shared decision-making as a cornerstone of
evidence-based health care practice can be examined as moving
beyond simply having empathetic conversations to developing
a compassionate, evidence-based framework for safe and
trusting interaction with the client [26]. “Treat you as a person,
not just a disease, and listen attentively to you” were elements
of compassionate care with the highest rating [27].

Fundamental Principles of Compassionate Care
This review found that the fundamental principles of
compassionate care, such as trust, dignity, and respect, as well
as effective communication skills and collaboration with patients
and their families, are core requirements for the essential skills
cluster “Care, Compassion, and Communication” and are
required for the delivery of high-quality care [38]. All health
professionals working across all health care settings should be
closely aware of the concept of compassionate care.
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Knowledge and Technical Skill Building, as Well as
In-Service Education
Newly qualified health professionals must acquire sufficient
knowledge and technical skills to care for patients and develop
and demonstrate the attitudes and interpersonal attributes that
characterize compassionate care [30].

Nurses need to see the patient’s care needs and expectations
from the patient’s point of view and pay more attention to the
aspects that are more important for the patients. Paying more
attention to compassionate nursing care in nursing textbooks is
recommended, and nurses should receive in-service education
in this regard [39]. The status of compassionate and respectful
maternity care and associated factors in health facility–based
childbirth was identified, and the results indicated that we should
do more on the issue [40].

Clients expressed moderate enthusiasm for patient-centered
communication and strong preferences concerning physician
respect for the patient perspective but less concern for power
sharing. This means that patients were more concerned about
doctors exhibiting a caring perspective than power sharing. To
have respectful health care delivery services, health care
providers need training on how to incorporate elements of
respectful maternity care into practice, including skills for
rapport building and counseling [29].

Monitoring, Accountability, and Sociodemographic
Characteristics.
Frequent monitoring of care provision in health care facilities
is needed to eliminate the incidence of disrespectful and abusive
care. Midwives have described disrespectful and abusive care
as the provision of inadequate care, overlooking of
patient-centered care, and verbal, physical, and psychological
abuse. Disrespectful and abusive care is facilitated by
socioeconomic inequalities, provider perception, victim blaming,
and other health system–related factors [35].

The provision of high-quality, patient-centered, respectful care
for all patients, including laboring women, by health care
professionals who were committed to providing a safe birthing
experience for the patients and believed that yelling, shouting,
and even hitting women in order to ensure a positive outcome
was justified, understood, and perhaps even appreciated by
women [36].

Maltreatment is a problem in the utilization of health care
services. Private health facilities treated their patients more
respectfully than public facilities. The majority of midwifery
students throughout Ghana witnessed disrespectful care during
their training. Improving monitoring, accountability, and
consequences for maltreatment within facilities to improve the
care that pregnant and laboring women receive is very important
to having respectful care practices [37].

Ensuring Comprehensiveness of Care
Patient-centered care was perceived as providing quality care,
making partnerships, provision of information, patient
involvement, and understanding patient preference. Patient
empowerment and family and friend involvement in patient
care were found to be far from the existing practice and were

less common in the presence of low patient health literacy levels.
Patient-centered care was examined with the elements of a
patient-centered care framework: respecting patients’ values,
access to care, information access, patient empowerment, family
and friend involvement, emotional support, and continuity of
care [31].

The development of a feasible multicomponent palliative care
intervention by involving clients in the decision-making process
and conducting appropriate educational processes and training
for health workers was significant for meeting the needs of the
clients [33].

Barriers to CRC Health Care Delivery
In this review, we identified a number of barriers that hinder
the integration of CRC health care delivery. Some of the codes
comprising the subthemes include a lack of human resource
development, lack of infrastructure at the health facility, poor
behavior by health workers, poor client experience at the health
facility, and client sociodemographic characteristics
[28-31,34,35,40,41].

From the perspective of health care professionals, the most
commonly cited barriers to CRC health care delivery were busy
staff, absence of close follow-ups or monitoring by the leaders;
knowledge and attitude gaps; absence of an information desk,
complaint handling mechanism, a mechanism to obtain client
feedback, discrimination-free care, friendly care, regular health
education in the health facility, and capacity building; high
patient flow; bed shortages; being treated by different
physicians; high staff turnover; and large numbers of patients
in referral centers [27,28,30,41]. From the clients’perspectives,
the most commonly cited barriers to CRC care were abuse of
clients during facility health service delivery, violation of
clients’ rights, occupational status of the client, previous
experience with health facility utilization, residency, time,
complication during service delivery, family monthly income,
and intention to use a health facility [40,45].

Disrespect and Abusive Care Encountered by Patients
In this review, there were many forms of disrespectful and
abusive care encountered by patients or clients that need to be
addressed properly. The most common forms of disrespect and
abuse experienced by clients were nondignified care, lack of
privacy, physical abuse, neglectful care, nonconfidential care,
and nonconsented care. Clients have suggested that more
attention should be paid to patients’ care needs, expectations
from the patient’s point of view, and the aspects that are more
important for the patients [32,33,39,40,45].

The nature of disrespect and abuse in midwifery care during
labor and delivery involves the denial of the preferred birth
position, denial of accompaniment, denial of care, poor clinical
practice, neglect, and verbal abuse from the patients’
perspectives, as well as denial of service; verbal abuse; physical
abuse like hitting, pinching, and slapping; and violation of
privacy from the midwives’ perspectives and women’s
experiences with care from midwives during labor and delivery,
including any disrespect or abuse [34].
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Perspectives on CRC
Perspective is an art technique that changes the space or depth
of CRC on health care delivery. The way of looking at CRC is
not similar for everyone (ie, the health care provider and client
may look at CRC in different ways). In this review, health care
providers and clients were looking at CRC health care delivery
in different ways, which is very important to take into account
to develop an appropriate intervention.

Health Care Provider Perspectives on CRC
Great emphasis on and recommendations for education (CRC
attitude and value more than cognitions) are needed. Designing
an educational curriculum with respect to CRC for all health
professionals in a higher educational program from which health
professionals will graduate is the best strategy to produce health
care workers who could practice his or her profession in the
appropriate and ethical way [37,43]. “Caring” was taken to
mean being able to converse well, up to-date, and proficient in
the field of work as well as being considerate and respectful to
others. Professional midwives indicated that they have seen
colleagues demonstrate uncaring behavior, educators
emphasized respect as caring, and student midwives,
professional midwives, and educators described caring as being
a competent nurse with compassion and respect for others [43].

Positive achievements in CRC health care delivery were
feedback to colleagues who did not follow the training
recommendations, commitment of trained health workers,
improved cleanliness in the delivery room, ample explanation
given to the client before providing a diagnosis, and
communication with the parturient before and during the
intervention [28].

Disrespect and abuse in health care and the impact on the health
and well-being of the patient were perpetrated or witnessed as
a violation of human rights while highlighting the patient’s
expectations of care as the basis for the subjectivity of
experiences [29].

A study in the Tigray region showed that the experience of
patients with CRC health care practice was reported as good by
55% of respondents. In contrast, patients’ perceptions toward
CRC was found to be poor, as reported by 56% of the
participants [42].

Compassionate care from the perspective of staff working in
health settings wishing to provide compassionate care, on its
own, was insufficient to ensure this transpired; health care
providers needed to work in a setting that supports them doing
this, which underpins our core concept of the compassionate
care flow. As “professional” compassion was associated with
the intention to improve patient health and participants’ roles
within health care, a compassionate care flow could be enhanced
by defenders (eg, supportive colleagues, seeing the patient as a
person, drawing on their faith) or depleted by drainers (ie,
competing demands on time and resources), through their impact
on professional compassion [44].

Client Perspectives on CRC
Clients who visit a health facility for different health care
services stated that compassion and respectful health care

services provided by health personnel encouraged them to visit
again for any other medical check-up. Many of the clients
wanted to be treated by one physician based on their choice,
but most of the clients reported that they were treated by
different physicians without being asked their choice [27].

Clients expressed strong preferences concerning physician
respect for patient perspectives rather than for power sharing.
Younger and highly educated patients were more likely to prefer
patient-centered communication, and highly educated patients
paid more attention to power sharing [30].

Discussion

Principal Findings
This systematic scoping review explored the available literature
on CRC health care delivery, based on the perspectives of health
professionals and patients or clients in the global context. In
this review, as a country, Ethiopia was the most represented,
which might be linked with the fact that Ethiopia initiated the
design of a 5-year Compassionate, Respectful and Caring Health
Services Implementation Strategy as one of the national top
priorities set under the health sector transformation plan [12].
In this review, 90% (18/20) of all articles were published in the
last 5 years, suggesting that patients or clients and health
professionals increasingly view patient-centered communication,
compassion, respect, and caring as essential for good health
service utilization [26,29-31,33,39,43-45].

In addition, the current review delivers some insight into the
status of compassion, suggesting that compassionate care is
about empathetic conversations with the client through an
evidence-based framework for the safest and trustful interaction
and treating patients as a person, not just a disease, and listening
attentively were elements of compassionate care with the highest
rating [26,27].

CRC health care delivery behaviors have direct impacts on
health-seeking behaviors and overall health outcomes [47].
Compassion does not depend on pre-existing relationships;
rather, it is delivered through a long-term relationship with
individuals. Compassion consists of specific skills and actions
aimed at the enhancement of multifactorial suffering, namely,
acknowledging, responding to, understanding, and actively
addressing the suffering of another [47].

This review on the concepts of respectful health care delivery
showed that patients were more concerned about doctors
exhibiting caring perspectives than power-sharing. There was
more emphasis on patient-centered communication and strong
preferences concerning physician respect for patient perspectives
and less concern for power-sharing [30]. High staff turnover
and large numbers of patients in referral centers were the main
challenges observed for respectful health care delivery [29].

Disrespectful and abusive practices were witnessed as a violation
of human rights while highlighting women’s expectations of
care as the basis for the subjectivity of experiences [29].
Respectful health care is the factor most neglected in health
care provision [48] but that increases client satisfaction and
affects the health-seeking behaviors of the community. A
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practice of respectful health care is a set of safe health facilities
for health care services where the clients or service users are
valued, recognized, treated fairly, have clear expectations, and
appropriately access services, as needed. When there is a
practice of respectful health care delivery at the health
institution, the likelihood of the community using the facility
could be increased in a remarkable way [49].

A patient-centered framework is an essential element for the
patient, one that is guided by respect for the patient’s values,
access to care, access to information, patient empowerment,
involvement of family and friends, emotional support, and
continuity of care [12]. Engagement of clients influences both
the overall health care services and improves health care
provision because both clients and health care providers feel
respected, listened to, and empowered [50,51].

CRC health care delivery is essential for the successful
utilization of health services. The findings from this review
suggest that CRC health care delivery might have a positive
effect on specific health care service utilization, including
increased service satisfaction and sustainability of service
utilization. The barriers toward implementation of CRC health
care practice in this review from the perspective of health care
professionals are busy staff; absence of close follow-ups or
monitoring by the leaders; knowledge and attitude gaps; and
absence of an information desk, a complaint handling
mechanism, mechanism for obtaining client feedback, and
regular health education in a health facility [41]. This is in
agreement with a review conducted in a clinical health care
setting [52].

In this review, in a study on caring from the perspectives of
undergraduate student midwives, professional midwives, and
teachers of midwifery, participants described caring as being a
competent nurse with compassion and respect for others [43].
This finding could help to design an integrated curriculum for
health professional teaching and to have a strong CRC norm in
health care delivery. Similarly, a cross-sectional study conducted
in Ethiopia on the status of CRC with perspective clients showed
that the experience and perception of patients toward CRC
health care practice were good, which means that clients had
experience with CRC health care service from a health care

provider [42]. On the other hand, there are some barriers for the
implementation of CRC in health care practices such as busy
staff due to overloaded work; absence of close follow-ups or
monitoring by the leaders; knowledge and attitude gaps; and
absence of an information desk, a complaint handling
mechanism, mechanism for obtaining client feedback, regular
health education in a health facility, and capacity building.
Therefore, we recommend that enhancing CRC health care
delivery in the health care system requires empirical teaching
methods as a baseline that engage the learner professionally,
ethically, and personally, because compassion, respect, and
caring are rooted in the nature of the students and the
actualization of these qualities within health care service
delivery practices, in addition to considering periodical refresher
and follow-up training for those who are employed in the health
care delivery system.

Strengths and Limitations
Scoping reviews are broad in nature and provide an overview
of existing literature regardless of quality, providing a broader
and more contextual overview than systematic reviews. Use of
the PRISMA-ScR was a strength of this scoping review. A
formal assessment of methodological quality is not undertaken
when conducting a scoping review and synthesis of the
incorporated studies. Including papers published only in English
was another limitation of this review.

Conclusion
This scoping review showed the status of disrespectful and
abusive care encountered by the patients, facilitators of and
barriers to CRC health care delivery behaviors, and different
perspectives. The status of CRC health care delivery remains
challenging and needs strong involvement from different
organizations from all disciplines. Pre-service education with
full CRC competencies (ie, higher education institutes) should
include CRC as one component of the curriculum for health
professionals, as well as frequent in-service training and
inclusion of CRC elements in human resource selection,
performance management, and incentive systems, including
career advancement, deployment opportunities, and labor
division at health facilities.
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Abstract

Background: To expand research and strategies to prevent disease, comprehensive and real-time data are essential. Health data
are increasingly available from platforms such as pharmaceuticals, genomics, health care imaging, medical procedures, wearable
devices, and internet activity. Further, health data are integrated with an individual’s sociodemographic information, medical
conditions, genetics, treatments, and health care. Ultimately, health information generation and flow are controlled by the patient
or participant; however, there is a lack of understanding about the factors that influence willingness to share health information.
A synthesis of the current literature on the multifactorial nature of health information sharing preferences is required to understand
health information exchange.

Objective: The objectives of this review are to identify peer-reviewed literature that reported factors associated with health
information sharing and to organize factors into cohesive themes and present a narrative synthesis of factors related to willingness
to share health information.

Methods: This review uses a rapid review methodology to gather literature regarding willingness to share health information
within the context of eHealth, which includes electronic health records, personal health records, mobile health information, general
health information, or information on social determinants of health. MEDLINE and Google Scholar were searched using keywords
such as electronic health records AND data sharing OR sharing preference OR willingness to share. The search was limited to
any population that excluded health care workers or practitioners, and the participants aged ≥18 years within the US or Canadian
context. The data abstraction process using thematic analysis where any factors associated with sharing health information were
highlighted and coded inductively within each article. On the basis of shared meaning, the coded factors were collated into major
themes.

Results: A total of 26 research articles met our inclusion criteria and were included in the qualitative analysis. The inductive
thematic coding process revealed multiple major themes related to sharing health information.

Conclusions: This review emphasized the importance of data generators’ viewpoints and the complex systems of factors that
shape their decision to share health information. The themes explored in this study emphasize the importance of trust at multiple
levels to develop effective information exchange partnerships. In the case of improving precision health care, addressing the
factors presented here that influence willingness to share information can improve sharing capacity for individuals and allow
researchers to reorient their methods to address hesitation in sharing health information.
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Introduction

Background
In the age of precision medicine and precision public health,
good-quality data are an imperative first step to inform clinical
guidelines, best practices, and policies. Precision medicine
focuses on individualized patient care, taking into account the
variability in genes, environment, and lifestyle [1]. Precision
public health emphasizes targeted intervention programs for
disease prevention and health promotion to reduce health
disparities in populations [2]. This is done by applying emerging
methodologies in epidemiology, biostatistics, and computing
systems, including machine learning and artificial intelligence.
These concepts often intersect, where clinical guidelines
developed from population-level studies are adjusted to an
individual patient based on their unique characteristics, leading
to optimal care [3].

To expand research, and medical and disease prevention agendas
through the use of precision medicine and public health
frameworks, comprehensive, real-time, and integrated data need
to be available. A growing number of diverse data sources
provide rich and complex information, including
pharmaceuticals, genomics, health care imaging, medical
procedures, wearable devices, and internet activity [4]. The
potential to harness these data to inform health care systems
and health delivery is vast. This can include research on large,
shared medical data sets or population-level sources to formulate
disease risk models for use at the point-of-care level and to
inform precision policy [5]. Further, eHealth data are
increasingly available and provide integrated information about
an individual’s sociodemographic information, medical
conditions, genetics, treatments, and health care use [6].
Collection, aggregation, analysis, and dissemination of
electronically stored individualized health information allow
for an opportunity to have a more integrated and coordinated
health care system [7].

Multiple forms of health information exchange can occur: (1)
health information sharing between health agencies, (2)
individuals sharing health data with medical care providers, and
(3) individuals sharing health data in health research studies,
health social networks, biobanks, and nationwide health
information exchanges [8]. Ultimately, the patient or participant
is at the center of this information exchange network; therefore,
understanding the willingness, interest, and motivation to
provide health information is an important aspect that must be
explored [9]. Willingness to share information pertains to the
intention to perform the sharing behavior and can be defined as
the extent to which a person is ready to share their intellectual
capital with other individuals. Willingness may be viewed as a
mediator between the factors that influence sharing health
information, which make up a sharer’s cognitive thought
process, and the act of sharing. The concept of the intention (or
willingness) to share precedes the sharing behavior following

the theory of planned behavior, as posited by Madden et al [10].
This theoretical framework outlines that the attitudes, subjective
norms, and the perceptions of control a person has, influences
the intention to perform a behavior. In the case of willingness
to share health information, willingness to share may be
dependent on the perception of that individual regarding how
favorable or unfavorable the result of sharing would be [11]. In
this case, willingness to share health information may be a
careful weighing of factors that may operate as positive or
negative to influence a person to contribute their information.

National surveys and eHealth information platforms can provide
excellent opportunities to collect health information for research
and surveillance but can only be done if they are shared by the
individuals being questioned. Previous studies have reported a
high proportion of participants willing to share their health
information for multiple purposes (care improvement, research,
or surveillance) [8,12,13]. Privacy concerns and the type of
information shared are considered important factors in studies
understanding sharing preferences among patients sharing
information toward electronic health records (EHRs) or personal
health records. However, sharing of health information is
nuanced by the influence of multiple factors, which can include
information security, uncertainty about the end use of
information, altruism, personality traits, illness histories, and
other attributes related to the context around information sharing
[14].

To our knowledge, there is no synthesis of studies that
summarize the factors that individuals consider when sharing
their health information. A synthesis of the current literature
might help us to be able to link the various correlates of health
information sharing preferences to ultimately increase the data
sharing potential in certain populations. This rapid review offers
an alternative form of knowledge synthesis compared with
systematic review, where the process of review conduction is
simplified and result synthesis can be done in a timely fashion.
The results of the rapid review are usually descriptive and
provide readily available knowledge about a topic in order to
inform further investigation and decision-making [15]. For the
purposes of this study, conducting a rapid review is an essential
first step in the understanding and conceptualization of the
literature-reported factors associated with willingness to share
health information. Further well-informed inquiries are possible
only with this conceptualization.

Objectives
Specifically, the objectives of this review are as follows:

1. To identify peer-reviewed literature that reported factors
associated with health information sharing

2. To organize factors into cohesive themes and present the
synthesis as factors related to willingness to share health
information
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Methods

Search Strategy
A search was conducted in MEDLINE (2008-2019) to gather
literature regarding willingness to share health information
within the context of eHealth, which includes EHRs, personal
health records, mobile health (mHealth) information, general
health information, and information on social determinants of
health. Additional records were also identified using Google
Scholar. The search keywords included electronic health records
AND data sharing OR sharing preference OR willingness to
share OR health information sharing. The search was limited
to any population that excluded health care workers or
practitioners, and the participants aged ≥18 years within the US
or Canadian context (see Multimedia Appendix 1 for the
complete search strategy).

Identification of Records
One reviewer (IN) conducted an initial screening of the title
and abstract, which identified records that were within the US
and Canadian contexts and were limited to the primary
peer-reviewed journal articles. Reviews, editorials, and
commentaries were excluded. The screening was conducted in
Excel (Microsoft Office 365; Microsoft Corp). Any ambiguous
records were included for full-text screening. All included
records from the title and abstract screening were saved in PDF
format, and full text was screened by a single reviewer (IN).
Studies were included if they reported a population aged >18
years, were not health care professionals, and reported on factors
associated with sharing health information electronically or
otherwise. Any ambiguity of full-text inclusion was resolved
through discussion with the research team.

Synthesis
The final record listed was imported to NVivo (version 12; QSR
International) for data abstraction, which was done by a single

researcher (IN). This process included an aspect of thematic
analysis where any factors associated with sharing health
information were highlighted and coded inductively within each
article. This process was carried out by a single extractor (IN).
This resulted in an extensive list of factors that were distinct,
overlapping, or related. Through discussion with the research
team about the interrelated nature of the factors, a consensus
was achieved where the factors were collated into major themes.
Additional information about each record was abstracted using
a predesigned Excel spreadsheet form (Microsoft Office 365;
Microsoft Corporation). The extracted information included
study author, publication date, study type, main objectives,
population, sample size, the type of health information
discussed, and major conclusions. We present a narrative
synthesis on factors related to health information sharing in this
report.

Results

Overview
The search was completed in October 2019. Initially, a total of
1707 records were identified through MEDLINE. Further,
Google Scholar search yielded an additional 11 records for
review. A total of 1650 unique records, after deduplication,
were title and abstract screened, and thereafter, 1607 records
were removed. Subsequently, 43 full-text articles were screened
for relevance, of which 26 (60%) met the inclusion criteria and
were analyzed for this review (Figure 1). The included studies
in this paper reported on various populations using different
methodologies. This included the general adult population using
surveys, patient or hospital presenting populations (assessed
using both survey and qualitative methods), and other groups
of population, which included community-based studies or
studies focusing on a particular population. The study
characteristics are presented in Table 1.

Figure 1. Study flow diagram.
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Table 1. Summary of literature reviewed.

Major findingsFactors discussed influencing
health data sharing

Health in-
formation
format dis-
cussed

Sample
size, N

PopulationObjectiveStudy typeStudy

General adult population surveys

Contextual factors
related to the request-

PHRa1089Adult public of
the United States

Consumer willing-
ness to provide
access to patient

Cross-sec-
tional survey

Anderson
and Agar-
wal [16]

• Stakeholder use of health
information

ing stakeholder and
the purpose of infor-

• Outcomes of health infor-
mationhealth informa-

mation being request-tion to inform
changes to policy

• Incentives to sharing
health information ed influence patient

trust on willingness
to provide health in-
formation.

Participants were
found to have prefer-

EMR30Adult public re-
ceiving health

A survey to under-
stand patient

Cross-sec-
tional survey

Caine and
Hanania
[7]

• Stakeholder use of health
information

care in the United
States

preferences in

sharing EMRb
ences in type and
amount of health in-
formation shared as

• Health information type
and amount

• Patient engagement with
health information a function of request-

ing stakeholders.• Patient concern with data
security and privacy

• Patient control over data

The overall public
view of using EMRs

EMR1014General adult
population of the
United States

To understand
public attitudes
regarding EMRs

Cross-sec-
tional inter-
views

Gaylin et
al [17]

• Income and willingness
to share health informa-
tion in health care deliv-

ery are positive, and• Ethnicity and willing-
ness to share health infor- participants who had

previous experiencemation

with ITc are more• Patients concern with
data privacy and security likely to use and

adopt EMRs.

Participants with and
without major illness

PHR772Adult public in
Canada

To understand
the consumer
motivations to

Cross-sec-
tional survey

Cocosila
and
Archer
[18]

• Stakeholder use of health
information

are more likely to
adopt and share
electronic PHRs if

• Mode of access to health
informationimplement the

used of PHRs by • Age and willingness to
share health information they perceive it asunderstanding in-

dividual barriers
and motivators

useful and an advan-
tage to themselves.
Perceptions of data

• Engagement with IT and
interest in PHR

• Patient engagement with
health information security, privacy,

and trust are also
important.

• Patient concern with data
privacy and security

Virtually no partici-
pants in the study

Health-re-
lated infor-
mation

54Health plan
members in the
United States

To understand
health plan mem-
bers perceptions
of the collection

QualitativeHasnain-
Wynia et
al [19]

• Ethnicity and willing-
ness to share health infor-
mation had problem with

discussing primary• Patient engagement with
health information language, but partici-race, ethnicity,

and primary lan-
guage data

pants had issues
with sharing informa-
tion regarding their
ethnicity and race.

• Outcome of health infor-
mation
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Major findingsFactors discussed influencing
health data sharing

Health in-
formation
format dis-
cussed

Sample
size, N

PopulationObjectiveStudy typeStudy

Health literacy and
the comprehensible
nature of consent
documents for health
research affect partic-
ipation, especially
with participant en-
gagement with medi-
cal disclosure and
consent documents.

• Type and amount of
health information
shared

Health-re-
lated infor-
mation

254General adult
population of the
United States

To explore fac-
tors related to
health literacy in
the comprehen-
sion and assess-
ment of medical
disclosure and
consent forms

Cross-sec-
tional survey

Donovan-
Kicken et
al [20]

Individual experi-
ences and attitudes
toward sharing of
EHRs needs to be
considered when us-
ing EHRs for re-
search.

• Type and amount of
health information
shared

• Stakeholder use of health
information

• Patient trust in re-
searchers

• Health information for
research

• Age and willingness to
share health information

• Patient understanding of
how data are used

• Patient control over data

• Patient concern with data
security and privacy

EHRd800General adult
population of the
United States

To understand
consumer charac-
teristics, atti-
tudes, and beliefs
regarding consent
to sharing
eHealth data for
health care and
research purposes

Cross-sec-
tional survey

Kim et al
[12]

Authors propose that
health information
sharing can be in-
creased with trust,
motivation, commu-
nity, and informed
consent.

• Health information type
and amount

• Stakeholder use of health
information

• Patient understanding of
how data are used

• Health data and manage-
ment of disease

• Patient engagement with
other patients

• Encouragement to share
by stakeholders

• Patient control over data

• Patient concern with data
security and privacy

Health-re-
lated infor-
mation

128General popula-
tion of the United
States

To explore con-
sumer attitudes
toward sharing
health informa-
tion for research
purposes

Cross-sec-
tional survey

Pickard
and Swan
[21]

Most participants of
the study are in fa-

vor of HIEe but
would like more
control of their
health information
through consent.
Primary concerns
with sharing health
information includes
concerns with priva-
cy and security.

• Health information type
and amount

• Health information for
research

• Patient understanding of
how data are used

• Outcome of health infor-
mation use

• Patient control over data

• Patient concern with se-
curity and privacy

EHR1017General popula-
tion of the United
States

To understand
patient acceptabil-
ity and benefit to
sharing, consent
to sharing, and
benefit of health
records

Cross-sec-
tional survey

Medford-
Davis et
al [13]

Participants of this
study have high inter-
est but low preva-
lence of HIE elec-
tronically.

• Mode of access to health
information

• Stakeholder use of health
information

• Age and willingness to
share health information

Health-re-
lated infor-
mation

3677General adult
population of the
United States

Cross-sec-
tional survey

Spooner
et al [22]
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Major findingsFactors discussed influencing
health data sharing

Health in-
formation
format dis-
cussed

Sample
size, N

PopulationObjectiveStudy typeStudy

To describe web-
based health
seeking behaviors
and to identify
patient-level fac-
tors to sharing of
health informa-
tion electronical-
ly with health
care providers

High levels of will-
ingness were found
in participants in
sharing EHRs with
public health for the
purposes of disease
monitoring, evalua-
tion, and needs as-
sessment, as guided
by themes of altru-
ism and pragmatism.

• Type and amount of
health information
shared

• Health information for
research

• Patient understanding of
how data are used

• Patient control over data

• Patient concern with data
privacy and security

EHR181General popula-
tion of the United
States

To investigate the
willingness to
share information
contained in an
EHR for use in
public health
monitoring and
research

Cross-sec-
tional sur-
vey+qualita-
tive

Weitz-
man et al
[23]

Patient population or hospital presenting population—survey
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Major findingsFactors discussed influencing
health data sharing

Health in-
formation
format dis-
cussed

Sample
size, N

PopulationObjectiveStudy typeStudy

Patients in family
medicine clinics are
more likely to refuse
to contribute their
deidentified eHealth
data for research
purposes. Relevance
of the research to the
patient was an im-
pacting factor.

• Age and willingness to
share health information

• Health information for
research

eHealth da-
ta

474Attendees of
family medicine
clinics in Canada

To determine the
factors that im-
pact family
medicine pa-
tients’decision to
allow their
eHealth data to
be used for re-
search purposes

Cross-sec-
tional survey

Bartlett et
al [24]

Current and poten-
tial ICU patients
support the feasibili-
ty and effective infor-
mation sharing facil-
itated by an eHealth
information portal.
Such a portal would
help in providing
clinical updates,
documentation of
family meetings, and
information regard-
ing health care staff
roles.

• Stakeholder use of health
information

• Mode of access to health
information

• Age and willingness to
share health information

• Patient engagement with
health information

eHealth da-
ta

2205Adult ICU pa-
tients and family
in the United
States

A survey study to
understand the
desirability and
functionality of a
communication

portal in an ICUf

SurveyBrown et
al [25]

Racial groups of
color were less like-
ly to register for
PHRs when control-
ling for other fac-
tors.

• Ethnicity and willing-
ness to share health infor-
mation

PHR1,764,121Adult members
of health care
network in the
United States

To investigate the
impact of race
and ethnicity on
PHR registration
along with other
factors

Retrospec-
tive observa-
tional study

Garrido
et al [26]

Oncology patients
readily adopt the use
of EMRs. Explanato-
ry factors are the
greater health care
need by these pa-
tients leads to in-
creased portal use.

• Patient engagement with
IT

• Ethnicity and willing-
ness to share health infor-
mation

EMR6495Patents within a
cancer center
who had access
to a secure web-
based portal with
their PHR in the
United States

To understand
the prevalence
and patterns of
PHR within an
oncology popula-
tion

Retrospec-
tive observa-
tional study

Gerber et
al [27]

Most participants
were willing to share
health information,
where limitations to
sharing were related
to data privacy and
consent procedures,
along with impor-
tance of the studies
being conducted.

• Health information type
and amount

• Patient trust in research
• Stakeholder requesting

health information
• Age and willingness to

share health information
• Patient understanding of

how data are used
• Previous interaction with

IT
• Patient concern with data

security and privacy

Genomic
data

1041Long Island
health system pa-
tients and their
families

To understand at-
titudes related to
the collection,
storing, and con-
sent toward use
of genetic infor-
mation for re-
search purposes

Cross-sec-
tional survey

Kerath et
al [28]

• Previous engagement
with IT

EMR1433Adult Facebook
or Twitter users
who presented to
an emergency de-
partment

To explore the
feasibility and
data availability
to linking pa-
tient’s social me-
dia content with
their EMR data

Cross-sec-
tional survey

Padrez et
al [29]
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Major findingsFactors discussed influencing
health data sharing

Health in-
formation
format dis-
cussed

Sample
size, N

PopulationObjectiveStudy typeStudy

Most individuals
presenting to an
emergency depart-
ment that used social
media consented to
sharing and provid-
ing access to integrat-
ed information of
their social media
and EMR. The study
presents a discussion
on possible data
repositories that link
cross-platform data.

Over half of partici-
pants supported use
of PHRs by them-
selves and their
health care
providers. Potential
benefits of health in-
formation influences
sharing.

• Type and amount of
health information
shared

• Stakeholder use of health
information

• Health information for
research

• Age and willingness to
share health information

• Health data and disease
management

• Outcomes of health infor-
mation use

• Patient concern with data
security and privacy

• Patient control over
health data

PHR214Adult population
presenting to an
emergency and
ambulatory care
sites

To explore con-
sumer attitudes
and support for
physician use of
HIE within a
low-income, eth-
nically diverse
community

Cross-sec-
tional survey

Patel et al
[30]

One-third of partici-
pants reported that
they were not com-
fortable with sharing
their health informa-
tion and are less
likely to use STI
clinic.

• Type and amount of
health information

• Stakeholder use of health
information

• Age and willingness to
share health information

• Patient concern with data
security and privacy

EHR1004Patients of an STI
clinic in Canada

To understand
the acceptability
of EHRs in an

STIg clinic and
its impact on in-
tention to be
screened for STI

Cross-sec-
tional survey

Pedersen
et al [31]

Participants of the
survey use a variety
of modalities to gen-
erate data. Willing-
ness to share health
information for re-
search increases for
health-related in-
sights.

• Type and amount of
health information
shared

• Health information for
research

• Patient understanding of
how data are used

• Patient concern with se-
curity and privacy

Health-re-
lated infor-
mation

206Adult population
presenting to an
emergency depart-
ment in the Unit-
ed States

To explore partic-
ipants willingness
to share data, un-
derstand data
content, and pref-
erences related to
sharing that data

Cross-sec-
tional survey

Seltzer et
al [8]

Results indicate pa-
tients have a high
trust in their primary
care provider and
HIV care teams and
are willing to share
information with
these persons.

• Stakeholder use of health
information

• Ethnicity and willing-
ness to share health infor-
mation

PHR93Patients present-
ing to an HIV
clinic in the Unit-
ed States

To explore atti-
tudes of patients
with HIV about
having their per-
sonal health infor-
mation stored and
shared electroni-
cally and what
factors influence
their willingness
to share

Cross-sec-
tional survey

Teixeira
et al [32]
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Major findingsFactors discussed influencing
health data sharing

Health in-
formation
format dis-
cussed

Sample
size, N

PopulationObjectiveStudy typeStudy

The study found
moderate levels of
willingness to share
electronically stored
health information.
Participants are
more likely to share
with public health
authorities than are
other stakeholders.

• Type and amount of
health information
shared

• Stakeholder use of health
information

• Age and willingness to
share health information

• Patient understanding of
how data are used

• Interest in PHRs
• Patient engagement with

health information

• Patient control over data

EHR261Patients or
guardians who
used EHRs in a
hospital patient
portal system

To investigate at-
titudes and prac-
tices related to
sharing health in-
formation from
an EHR to sup-
port patient care
and public health
monitoring

Cross-sec-
tional survey

Weitz-
man et al
[33]

Patient population or hospital presenting population—qualitative

Senior participants
of this study indicate
privacy as a barrier
to the adoption of
smartphone IT with-
in their homes; how-
ever, their percep-
tions of the useful-
ness of the technolo-
gy may be a mitigat-
ing factor.

• Age and willingness to
share health information

• Engagement with other
information sharers or
patients

• Patient concern with data
privacy and security

Smart-
phone IT
informa-
tion collec-
tion

14Adults aged ≥65
years in residen-
tial care facilities
in the United
States

To understand
concerns regard-
ing willingness to
adopt smartphone
IT in senior citi-
zens

QualitativeCourtney
(2008)
[34]

Patients with type 2
diabetes experience
multiple benefits of
using PHRs, includ-
ing disease manage-
ment and facilitation
of behavioral
change. Sustained
PHR use can be
achieved via build-
ing strong patient-
provider relation-
ships.

• Health data and manage-
ment of disease

• Health data and manage-
ment of disease

• Patient concern with data
privacy and security

• Patient control over
health information

PHR59Adult patients
with type 2 dia-
betes in the Unit-
ed States

To understand
the barriers and
facilitators to sus-
tained use of
PHR in patients
with type 2 dia-
betes in manag-
ing their disease

QualitativeFuji et al
(2015)
[35]

Other populations
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Major findingsFactors discussed influencing
health data sharing

Health in-
formation
format dis-
cussed

Sample
size, N

PopulationObjectiveStudy typeStudy

This study found
that community inter-
action with GIS data
for cancer was infor-
mative and allowed
participants to build
hypotheses and un-
derstanding of com-
munity health facili-
tating the ownership
of their health data.

• Community engagement
with health information

• Patient concern with data
security

GIS60Rural community
in the United
States

To explore the
implications of
having communi-
ty engagement in
the exploring and
interpretation of

a GISh disease
mapping method-
ology for cancer

Observation-
al study

Beyer, et
al [36]

A complex interplay
of perception of data
security and privacy,
individual altruism,
and situational col-
lection and use of
genomic information
influences informa-
tion sharing.

• Patient trust in re-
searchers

• Health information for
research

• Patient understanding of
how data are used

• Outcomes of health infor-
mation

• Patient concern with data
security and privacy

• Patient control over data

Genomic
data

30Adults who con-
sented to genom-
ic sequencing
projects in the
United States

To understand re-
search participant
attitudes toward
confidentiality
and data sharing
of genomic infor-
mation for re-
search purposes

QualitativeJamal et
al [14]

aPHR: personal health record.
bEMR: electronic medical record.
cIT: information technology.
dEHR: electronic health record.
eHIE: health information exchange.
fICU: intensive care unit.
gSTI: sexually transmitted disease.
hGIS: geographic information system.

The inductive thematic coding process revealed multiple factors
related to willingness to share health information, as reported
by the study participants (Figure 2). A single study often
reported a multitude of factors related to sharing information
(Table 1). The factors were collated into major themes related
to sharing health information. For example, multiple studies
reporting an association between age, income, or ethnicity, and

the willingness to share health information were grouped under
the major theme sociodemographic factors. A similar process
was followed for the remaining factors coded within the research
articles, from which 7 major themes emerged. The following
is a narrative synthesis of all major themes discovered in the
review process.
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Figure 2. Factors related to willingness to share health information inductively coded within included papers and collated into major themes. IT:
information technology.

Sociodemographic Factors
A total of 15 articles reported sociodemographic factors
associated with willingness to share health information. The
demographic factors as a major theme were primarily noted in
the survey studies, in both the general adult population and a
patient or hospital presenting population. The evidence suggests
an incomplete exploration of the sociodemographic factors that
operate in an interrelated manner to influence the willingness
to share health information. For example, the relationship
between age and willingness to share health information was
contested, as some studies reported that older people were more
comfortable with sharing health information because of a higher
level of involvement with the health care system [25], whereas
other studies found them to be less willing [18] as older users
were less comfortable with information technology (IT) and,
therefore, less likely to share health information, this being
especially true via mobile phone apps. Others have found no
influence of age (or other demographic variables) to be related
to sharing health information for research purposes or to improve
clinical care [22,28].

Measures of social capital have an unclear association with
willingness to share health information also. Some papers have
reported that higher education and income increase willingness
to share health information and such individuals see the benefits
of sharing information [22,24,33,37], whereas others have found
no influence of these factors on sharing health information
[12,28,31]. It should be noted that income and education are
often covariates and their individual effects on outcomes are
difficult to discern. Further, mediators, such as inequitable
access to technology by lower socioeconomic groups, cannot
be ignored when understanding willingness to share health data
[23]. Further, although ethnic disparities have been noted
regarding health information sharing [26], other researchers
have found no effects of ethnicity and sharing health information
[12,28,31].

Incentive to Share Health Information
A total of 4 studies report the importance of incentives to
increase willingness to share health information. Incentive in
this case can be defined as something that drives and motivates
individuals to perform an action. For the purpose of this analysis,
the authors have considered incentives to be extrinsic (ie,
financial) and intrinsic motivators. This theme was primarily

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e20702 | p.161https://humanfactors.jmir.org/2022/1/e20702
(page number not for citation purposes)

Naeem et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


presented in studies sampling from the general adult population
and other populations, including a community [36] and
individuals who consented to share their genomic data [14].
Individuals reported various incentives that may motivate them
to share health information, including monetary and material
incentives such as shopping credits or money [21].

Self-management of health as a result of health information
sharing is another motivator of health information sharing,
including the improvements in the understanding of the
participants’ own health [37]. As individuals have an increased
awareness of the ability to manage their health, this motivates
people to share their health information. Health management
can include actionable things such as knowing the likelihood
of developing certain diseases, the current state of the person’s
health, how health affects the social environments of the person,
and receiving recommendations to improve health [8,21]. For
example, the day-to-day management of health markers that
some mHealth apps may offer (eg, physical activity tracking,
blood pressure readings, and blood glucose readings) may be
an incentive for users to be more engaged with the collection
and sharing of health information [35]. Further, participants
may be motivated to share health information if they could
connect with other individuals who shared the same health
conditions [21]. This is especially relevant to mHealth apps that
offer engagement with a web-based community of users.

Finally, the reviewed studies also suggested that the public
fundamentally cares about the purpose for which their
information is being used and is more likely to share the
information if it is being used for a good purpose [29].
Participants who perceived the outcomes and implications of
their health information as useful were more likely to share their
health information [14].

Previous Experience With IT
A total of 12 research articles reported previous experience with
IT as a factor associated with willingness to share health
information. This theme was referenced by studies sampling
from all types of populations, but especially so for survey studies
assessing both the general and patient or hospital presenting
populations. Respondents who showed interest and engagement
in IT were more accepting of sharing health records [18,37].
Further, apprehension and anxiety perceived to using computers
or wearables technology owing to lack of experience is a
determinant of intention to share (eg, computer anxiety).
Researchers argued for improving internet access and computer
literacy as critical to increasing engagement and willingness to
share health information, especially in a diverse population [37].

Type and Amount of Health Information
A total of 14 studies reported factors related to the type and
amount of health information in association with willingness
to share health information. This theme was largely reported
by survey studies, of both the general population and the patient
or hospital presenting population. The results suggest that
individuals prefer control over the type and amount of health
data, where they can control the information being shared, with
a primary concern being the confidentiality of their sensitive
information [31]. This may include differing sharing practices

based on the sensitivity of the information being shared (eg,
sexual activity or orientation, adoptions, abortions, and
substance abuse) [7]. The authors found that although most
participants agreed with sharing their health information, they
were less likely to be tested if participants knew that their
clinical information was being shared by provincial health care
systems.

Data Privacy and Security
A total of 14 studies reported data privacy and security as a
factor related to willingness to share health information. This
theme was reported by all types of populations assessed. Within
the growing trend of IT and the creation of large data
repositories, security and privacy are a major concern for data
producers and are closely linked to the confidentiality of
sensitive information, as discussed in the previous section.
Courtney [34] offers a multidimensional look into what privacy
and security means within the health data field and found that
patient mistrust results in withholding of health information.
Fuji et al [35] found that privacy existed at both personal and
technical levels, where some participants expressed themselves
to be private and disliked sharing any information, whereas
others stated that some technologies (eg, cloud sharing
technology) may not be equipped to ensure total data security.
Similar results in patients’ sensitivities to sharing health
information have been found in genomics research [14,28].

In practice, although health information privacy and security
are valued concepts for patients when sharing their EHRs,
concerns about privacy decreased in specific patient groups,
such as those who were chronically ill. In such cases, the
benefits of sharing medical records may have outweighed
privacy risks perceptions [18]. However, Gaylin et al [17]
discussed the opposite, where privacy concerns were more
important than sharing health information and its potential
benefits to society. Further, mitigation of privacy concerns may
increase willingness to share, such as anonymization [11,23].
However, researchers discussed that with the increases in IT
systems to share information (eg, using social media),
individuals may still be willing to share information regardless
of privacy and security concerns.

Stakeholder Requesting Health Information
Willingness to share health information is also influenced by
who will use the information, which was as reported by 17
studies. This theme was primarily reported by survey studies
(both general and patient or hospital presenting population).
Studies showed that participants were more likely to share health
information with their primary physicians, depending on the
nature of the information [7]. Researchers and public
organizations (nonclinical staff) were least likely to be on the
list of participants’ willingness to share health information
[7,11,32]. Hesitancy to share was especially true when the
recipients of health information were doing research that was
not relevant to the participants sharing information [24].
Participants were more likely to contribute information for
research purposes if they knew that it would benefit themselves
or the public in some way [14].
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Outcome of Health Information Use
A total of 10 studies reported that participants were influenced
by the intended use and outcomes of their information when
sharing health data. Again, this theme is mostly reported by
survey studies, of both the general adult population and the
patient or hospital presenting population. Anderson and Agarwal
[16] found that the outcome and the role their health information
had to play was important for sharing health information, as
established trust was an important determinant of information
sharing. Hasnain-Wynia et al [19] found that 90% of their study
participants needed to know who was using their health
information and for what purpose. Patel et al [37] found that
individuals who perceived the positive benefits of sharing health
information such as EHRs, such as understanding of their health,
control over their health care, ability to make decisions together
with their health care team, improvement in the quality of care,
and satisfaction with health care, were more motivated to share
their information. Brown et al [25] found that individuals who
feel like they are contributing to an improvement of health care
are more likely to share health information.

Discussion

Principal Findings

Overview
The purpose of this rapid review was to locate literature that
reported factors related to willingness to share health

information and synthesize them into cohesive themes. Through
the review process, a total of 7 major themes were discovered
that explored the different aspects of the process of sharing
information. This included sociodemographic factors, contextual
factors (eg, type and amount of health information shared), and
a mix of contextual and cognitive factors that influence
willingness to share (eg, stakeholder requesting information).

The factors associated with willingness to share health
information reported here ultimately suggest the importance of
developing trust. Trust is complicated, and often a philosophical
concept, but is generally defined as imparting authority to
another and accepting the vulnerability associated with that,
given that a set of expectations are met [38]. When sharing their
health information, an agreement of trust is made between the
individual sharing and the stakeholder accepting the information.
Participants share their information accepting that they have
become vulnerable by sharing their intellectual capital and
personal nature of health information, and rightly expect the
outcome of that sharing process to meet their expectations. It
is then up to the stakeholder to upkeep those expectations, or
not, ultimately building or eroding that trust. Trust during the
sharing process is multifaceted, and the factors associated with
willingness to share health information that were found through
this study illuminate some of these facets. When assessing the
overlapping and unique themes found in this study, trust seems
to operate at multiple levels: (1) community level, (2) individual
level, and (3) process level (Figure 3).

Figure 3. Dimensions of trust during the sharing process.

Community-Level Trust
The first is community-level trust, which speaks to themes
regarding the stakeholder requesting the information and the
outcomes of information shared by participants in the studies
reviewed within this report. Credibility in the institutions that
back up the stakeholder is important, which was especially true
if the institutions were well known and had a good reputation.
The credibility aspect is particularly important for certain
communities who have had historically less access to power
and privilege and have been exploited in the name of health
research. Credibility of the stakeholders can also mean that
stakeholder appreciate the diversity within communities and
are willing to engage with the community to understand their

perspectives [39]. Further, the relatively less willingness to
share health information that is sensitive in nature may be a
universal aspect of sharing for all participants, but the
compounding of historical research practices, mutual
stereotypes, and differences in cultures and ethnicity can
influence trust building between researchers and different types
of communities.

Having knowledge about the purpose, benefits, and downsides
to sharing their health information was also an important factor
associated with willingness to share information. Understanding
that sharing health information can benefit the participants
individually or benefit the entire community builds resilience
and contributes to the sense of community. A recent scoping
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review of barriers and facilitators of recruitment of South Asian
participants found that engagement with health research was
low in this population because of lack of knowledge about the
scientific importance of the work, poor understanding of the
research intentions, and the perception that the research benefits
will not extend to their community [39].

Individual-Level Trust
The results of this study show that individual-level trust is built
by a data-sharing environment where participants feel safe in
sharing their health information. These factors evidently
constitute a major decision-making aspect for participants when
sharing health information. These factors include (1) stakeholder
requesting information, (2) outcomes of health information, (3)
security and privacy of health information, and (4) type and
amount of health information shared. More importantly, the
relative importance of these themes in this study may be because
of their interrelatedness and connection with building
individual-level trust through good research ethics.

The concept of data security and privacy of health data are well
explored within the domain of health care, as health information
is at times the most intimate, personal, and sensitive information
that is maintained by the individual. Within most jurisdictions,
privacy laws allow for total control over health information to
the individuals, only to be disclosed if consent is authorized.
Confidentiality goes a step beyond that and is usually
characterized by an agreement between the individuals and the
stakeholder requesting the information [40]. Indeed, participants
felt that they would be more willing to share their health
information if the information was going to be protected and
private to a degree that they were comfortable with. Other
studies have also found the sharing of information to be
enhanced within the context of EHRs when privacy and security
concerns were addressed [40,41].

Privacy and security of the data are closely linked to the outcome
of that data, the stakeholder requesting the health information,
and the type and amount of information shared. Participants are
more likely to share their information if they feel they can have
granular control over their shared data, which is also a form of
maintaining privacy. If participants are able to control how
much of their data and what type they are able to share, they
have more control and feel safer in the sharing process.
Participants also feel safe when they know the information is
being used for its intended purpose, which is also communicated
to them. For example, studies have shown the sociocultural
aspects of collecting genetic information, which can be harmful
or beneficial to the participants based on their familial and social
circumstances [42].

Finally, who is using the health information is an important
aspect of trust. Participants within the studies reviewed regularly
stated they much preferred sharing their information with their
physician or whomever primarily cared for them, health-wise.
Studies have reported that individuals who regularly visit their
physicians have a psychosocial expectation of benefit and trust
from the physicians [43]. Having that interpersonal relationship
built on the basis of day-to-day trust may be an important aspect
to creating a space where health information sharing can occur.
The lack of sharing of participants to other stakeholders,

including organizations not associated with the health care of
the participant, also points to the lack of trust and skepticism
about the maintenance of privacy by these organizations.

Process-Level Trust
There is a paucity of literature describing the process of
information sharing as having a role in participants’willingness
to share their information. Within populations, the ease of the
information-sharing process can have a large influence on
whether or not a participant will engage in sharing their health
information. Factors as simple as language barriers, health
literacy, and type of data collection instrument can determine
a study’s success in engaging its population of interest [44]. In
addition, complex factors, such as the sociodemographic
diversity within a community, must also be addressed. For
example, some ethnocultural communities may have first- and
second-generation migrants who may have differing needs when
it comes to ease of information sharing, where older-generation
participants may require translation services or a different mode
of data collection (face-to-face vs on the phone) to successfully
share their information [45].

Implications of Findings
The results of this study suggest actionable items that
stakeholders can consider, including introducing policy changes
that aim to develop a mutually beneficial information-sharing
partnership between the communities of interest. Further, in
order to motivate individuals to share their health information,
their situations within their community must be appreciated,
and equal power should be divided among the researcher and
community members on the control and direction of the
data-sharing partnership [46]. This is compared with researchers
controlling the collection, analysis, and dissemination of the
information along with reaping its benefits, with little input
from participants. To build effective data-sharing partnerships,
researchers should be able to work in collaboration with
community members and understand the community living,
working, and socializing conditions. To do this, credible and
respectful access to the community should be pursued by
building relationships with community champions and
organizations that have a long-standing dedication to their
communities. As suggested by the findings of this review, this
can be done through training and development of guidelines
that assist within building such relationships, which can exist
at the institutional and national research level.

Another suggested actionable item could be the documentation
of the process of rapport and building relationships with
communities regarding building an information-sharing
partnership, along with a systematic way of collecting the
community perspectives on barriers and facilitators to sharing
information. Although there is a great amount of literature using
and describing methodologies that view research participants
and the community as partners throughout the research process
(eg, community-based participatory research and integrated
knowledge translation), more exploration is required to create
policies and guidelines for effective documentation of
information-sharing partnerships.
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A deeper understanding of conducting ethical research, the
abstract nature of maintaining confidentiality, and respect for
the individuals and their experiences is essential throughout the
information-sharing process to develop trust. For example, many
research studies suffer from the simplistic assumption that a
single consent form is enough to assure ethical standards for
their participants. However, the results of this study show that,
within a community, more is needed. Indeed, a study can
maintain excellent privacy and confidentiality within their
protocol but may still conduct research that is framed in a way
that is disrespectful toward certain ethnocultural communities
[47]. Therefore, a reassessment of research ethics evaluation
processes at the institutional levels may need to be improved
and adjusted to address differences in conducting research in
data-sharing communities.

Sharing of health information that is easy, accessible, and
feasible for the participant can also cultivate trust. Having
evidence-informed standards and clear guidelines for collecting
health information can not only benefit stakeholders interested
in gaining information by increasing reproducibility but also
benefit the information-sharing partnership [48]. That being
said, stakeholders should consider the population they are hoping
to collect information from when choosing or creating these
standards. For example, simply measuring the concept of
ethnicity in populations can be difficult, as some participants
may not see their ethnicity, or diversity within an ethnicity,
being reflected in the type of questionnaire they are given.
Further incentives are known to increase research engagement
and may be an important aspect of building information-sharing
partnerships in ethnocultural communities. However, simple
financial incentives may not be enough to garner continued
information sharing, but rather, more customized incentives
may be needed for the communities that researchers are
interested in. Studies have demonstrated that incentives for
ethnic and minority communities, such as colearning activities
and a chance to contribute to the research development, are
sustainable incentives that build trusting partnerships [31].

Limitations, Strengths, and Next Steps
This review is limited by its rapid review methodology, which
fails to conduct a broader search of the literature and critically
analyze the included studies. For example, this review contains

studies with a variable sample size, which could influence the
generalizability of the results of certain studies with smaller
sample sizes. Further, the included studies report on the
incomparable context of individuals, where some participants
are hospitalized patients, as compared with the general adult
population (Table 1). When assessing the results of this study,
there are some notable differences in results when comparing
the population assessed and the methods used to assess them.
For example, some themes are overly represented in survey
studies in both the general adult population and a patient or
hospital presenting population simply because of the methods
used. In survey studies, authors can quickly measure study
participant preferences on the type and amount of health
information shared, outcomes of health information use, and
the stakeholder requesting health information. Further, most
survey studies feature a larger population size, which can also
influence the results by the inclusion of more viewpoints and
more possible factors that influence willingness to share.
However, the study finds its strengths in the reporting of concise
narrative synthesis of factors associated with willingness to
share health information into cohesive themes and subsequent
domains, using thematic coding methods. An important next
step for this review would be a systematic search of the
literature, allowing for an in-depth analysis of health information
sharing. Further, primary studies focusing on health information
exchange in populations facing health disparities are warranted
to expand the field.

Conclusions
This review provided a concise report on factors associated with
willingness to share health information, including a conceptual
framework that outlined sociodemographic, cognitive, and
contextual domains associated with health information sharing.
Further, this review emphasized the importance of data
generators’ viewpoints and the complex systems of factors that
shape their decision to share health information. The factors
related to information sharing reported in this review have
important implications in participant engagement and
reorientation of methodologies in research studies to build
sustained information exchange capacity. Sustained information
exchange is an important aspect of current trends in medical
research and public health.
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Abstract

Background: The therapeutic alliance is crucial for the success of face-to-face therapies. Little is known about how coaching
functions and fosters the therapeutic alliance in asynchronous treatment modalities such as smartphone apps.

Objective: The aim of this paper was to assess how coaching functions and fosters the therapeutic alliance in asynchronous
treatment modalities.

Methods: We conducted a selected review to gather preliminary data about the role of coaching in mobile technology use for
mental health care. We identified 26 trials using a 2019 review by Tønning et al and a 2021 scoping review by Tokgöz et al to
assess how coaching is currently being used across different studies.

Results: Our results showed a high level of heterogeneity as studies used varying types of coaching methods but provided little
information about coaching protocols and training. Coaching was feasible by clinicians and nonclinicians, scheduled and on
demand, and across all technologies ranging from phone calls to social media.

Conclusions: Further research is required to better understand the effects of coaching in mobile mental health treatments, but
examples offered from reviewed papers suggest several options to implement coaching today. Coaching based on replicable
protocols that are verifiable for fidelity will enable the scaling of this model and a better exploration of the digital therapeutic
alliance.

(JMIR Hum Factors 2022;9(1):e28301)   doi:10.2196/28301

KEYWORDS

smartphone; apps; mental health; coaching; engagement

Introduction

Smartphones and other mobile technologies are increasingly
used in mental health care. The COVID-19 pandemic has
highlighted the need for mobile treatments in providing access
to and augmenting mental health care. However, fundamental
questions remain around app engagement and efficacy as do
concerns about technology use in the contact of coaching support
and the therapeutic alliance. The therapeutic alliance, which is
described as the alliance between a clinician and a patient [1],
is considered crucial to the success of face-to-face therapies and
associated with successful outcomes [2]. Numerous

meta-analyses have confirmed the central role of the therapeutic
alliance in driving both engagement and efficacy across both
face-to-face care and even telehealth video visits. However, less
is known about how this alliance functions in asynchronous
treatment modalities such as smartphone apps. In both research
studies as well as commercial apps, a rise in coaching to support
engagement may be conceptualized in the context of adding an
element of the therapeutic alliance into digital care. Preliminary
research suggests that coaching is feasible and acceptable, with
both clinicians and clients identifying benefits to this additional
support, such as increased motivation and guidance as well as
a new way to focus on clinical work [3]. Yet, little is known
about how this app coaching is delivered or impacts outcomes.
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This lack of knowledge on the therapeutic alliance and coaching
around smartphone apps is in part related to a lack of consensus
on coaching methods and training. Such a lack of protocols or
training manuals has immediate consequences as well-trained
clinicians are more prepared to foster the therapeutic alliance
and support technological difficulties [4]. At the beginning of
the COVID-19 pandemic, 21% of community health centers
across the United States lacked training for telehealth [5].
Training for mobile apps is nascent, and evidence can often
only be found in the research literature. For example, one study
in Australia found that clinician training on mobile technologies
and protocols for consistent messaging with the patient was
necessary to increase engagement and knowledge of the apps
[6]. A recent report from Kaiser Permanente explained that
teaching clinical staff how to use and interact with apps in care
settings was critical for implementation success [7]. With
COVID-19, grassroots efforts to train medical students to
support patients around app use have also emerged [8]. The
need for proper training and new knowledge around engagement
and alliance to support app use is thus an important new facet
of care toward offering accessible mental health care in an
increasingly digital world. The term “training” is used
throughout this work and defined based on the above references
as one or more of the following: the receipt of coaching
protocols or manuals by the coach, instruction for the coach on
how to conduct telehealth sessions, how to use and interact with
mobile apps, and how to support patients around app use.

Several solutions have been proposed already. Many have
examined a more traditional “coaching” model in which a
member of the care team maintains contact with patients
between visits to foster engagement with the mobile technology.
This contact may be through the app, text messages, or even
phone calls. A more engaged approach is conceptualized around
the concept of a “digital navigator,” which seeks to integrate
into more aspects of care with the goal of supporting both the
patient and clinician [9]. Ben-Zeev et al [10] and Noel et al [11]
have proposed related roles called clinical technology specialists
or technology specialists, respectively. Each of these positions
seeks to provide technology recommendations and support user
engagement with digital technologies.

A related method for maintaining alliance with patients using
digital technology uses a “social” model of coaching. This model
focuses on interactions between peers as opposed to a member
of the clinical or study team. Although this model of coaching
appears less used, several studies have incorporated this method.
McEnery et al [12] evaluated the feasibility of an online
intervention, EMBRACE, where participants maintained contact
with clinical moderators, a more traditional coach, as well as
peer-to-peer moderators, who were young individuals with lived
mental health experience who encouraged participant
engagement and provided support. Further, Alvarez-Jimenez et
al [13] assessed the feasibility and acceptability of the enhanced
moderated online social therapy (MOST+), which allowed
participants to interact with other participants using the platform,
as well as peer moderators who facilitated engagement.
However, neither of these protocols directly assessed the effect
of moderation on outcomes, and, of note, neither involved
smartphone apps.

To further understand the current knowledge of coaching effects,
we conducted an investigation to gather preliminary data on
coaching and to understand its effect on engagement and
outcomes. We hypothesized that there would be substantial
variability and little consensus on coaching protocols,
inconsistent reporting measures, and a lack of protocols that
directly assess coaching effects. However, understanding how
coaching is reported and broad trends in its outcomes is useful
for new efforts to align new research and implementation efforts
with prior work. In turn, understanding and identifying best
practices to facilitate coaching and support the digital therapeutic
alliance is crucial as remote psychotherapy increases in
popularity and necessity.

Methods

We conducted a selected review to gather preliminary data about
the role of coaching in mobile technology use. Realizing there
is no simple means to identify relevant papers as all will have
some degree of coaching support, often unreported in research
assistant help, we opted for an exploratory sampling approach.
We chose to use a prior review of randomized controlled trials
on smartphone-based treatment in psychiatry as well as a recent
scoping review on digital health interventions for depression
(featuring 6 smartphone-based interventions) as the samples for
assessing how coaching is offered across different apps and
studies. We did not attempt to conduct a qualitative analysis as
we expected outcomes to be heterogeneous and diverse given
the state of the literature.

We identified the trials using the 2019 review by Tønning et al
[14] on the methodological challenges of randomized controlled
trials on smartphone-based treatment in psychiatry and the 2021
scoping review by Tokgöz et al [15] on digital health
interventions for depression. We selected these papers as they
offered a recent and comprehensive sample of studies from
which we could explore coaching. Each trial featured in this
review was read and coded by the authors for method of contact
with the patient, training coaches received, on demand vs
scheduled interactions, clinical vs nonclinical interactions,
evidence of dose effect, and social vs coaching model. Studies
were excluded if the participants had no interaction while using
the mobile technology.

After coding of each trial was completed, the trials were sorted
into the following 4 categories based on the frequency
(scheduled vs on demand) and nature of the coaching
(nonclinical vs clinical): scheduled or clinical; scheduled or
nonclinical; on demand or clinical; and on demand or
nonclinical. Scheduled coaching included coaching delivered
on a set time frame, such as once per week or per month, or
after the completion of a certain assessment. On-demand
coaching was delivered on an irregular schedule based on the
needs of the study participant or clinician, such as clinician
responses to high participant assessment score or a participant
contacting study team for questions; however, we did not include
on-demand crisis intervention in this category and will not be
reviewing such interventions within this work. Clinical coaching
focused on the participant’s symptomatology, whereas
nonclinical coaching focused on technology or study protocol
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questions. Some trials that included a variety of methods for
interaction were coded into multiple categories. We then
assigned a hierarchy to the codes as follows from highest priority
to lowest priority: (1) on demand or clinical; (2) on demand or
nonclinical; (3) scheduled or clinical; and (4) scheduled or
nonclinical. Dose effect was defined as a reported association
between the time or intensity of coaching for the participants
and a primary study outcome. While the digital therapeutic
alliance is of critical interest, it is not yet possible to code given
that the means to assess it are nascent, as discussed later in this
paper.

Results

A total of 32 trials were reviewed as featured in the 2019 review
by Tønning et al and 2021 scoping review by Tokgöz et al; 6
of these studies did not involve reported coaching interaction
while the participants were using the smartphone technology
and were excluded from review by the study team [16-21].
Therefore, a total of 26 trials were included [22-47]. A summary
of the results can be seen in Multimedia Appendix 1 and Table
1.

As seen in Table 1, there was high variability around coaching
across each of the 26 studies in the type of coaching delivered
and coach training. The majority of studies included a scheduled
coaching component (14 scheduled or clinical)
[22,23,25,26,28,29,31,33,36,38,40,45-47]; 12 scheduled or
nonclinical [24,29,32,33,35,38,41,45,46]) compared to an
on-demand coaching component (8 on demand or clinical
[22,24,27,29,30,37-39]; 9 on demand or nonclinical
[24,25,29,34,37,38,42,44,46]); 11 of the studies incorporated
2 or more kinds of coaching [18,20,21,25,29,33,34,38,44-46].

There was less variability as to who provided the coaching.
Clinicians acted as coaches in 18 of the studies
[22-31,36-41,45,47], nonclinicians in 3 studies [32,35,42], and
peers in 3 studies [34,37,44]. Moreover, 4 studies did not specify
who acted as coaches [33,34,44,46]. In addition, the majority
of studies did not specify the type of training that the coaches
completed for their role; 16 studies did not specify the type of
training [22-25,27,30,32,33,35-45], 1 study specified that
training was not conducted [34], and 7 studies specified that
coaches underwent training of some kind [26,28,29,31,38,41,45].
Of the studies that did specify the training for the coaches, there
was high variability; 1 study noted the coaches’ training was
their standard training as a part of their clinical psychology
program [29]; another noted the training was a “1-day workshop
in using the self-help program and on how to write the weekly
feedback, based on case material from earlier trials” [38], while
another only stated their training was “based on the supportive

accountability model” [41]. Only 1 study offered a protocol for
the training offered [46].

Only 3 studies used the social coaching model [34,37,44]; 1 of
these trials used only the social model [34], while 2 of them
used the social model along with the coach model [37,44].
Boettcher et al [34], who used only the social model, examined
the efficacy of a smartphone app called Challenger in reducing
anxiety symptoms in individuals with social anxiety disorder.
The participants were randomized to use Challenger and a
self-help program simultaneously, the self-help program for 6
weeks followed by the Challenger app for 6 weeks, or a waitlist
control. Challenger used cognitive behavioral therapy techniques
to encourage its users to complete small exposure and behavioral
challenges in everyday life. The skills gradually increased in
difficulty. After each skill, the user is able to complete a
reflection of the task, which is sent to another user who is able
to respond with constructive feedback. The participants in
Schlosser et al [37] and Roepke et al [44] were able to interact
with other app users or use a forum and recruit social support
from Facebook, respectively.

There was evidence of a dose effect in only 1 study. In
particular, a pilot randomized controlled trial conducted by
Pfeiffer et al [47], exploring psychotherapeutic text messaging
for depression, found that change in behavioral activation was
correlated with specifically 6 weeks of receiving acceptance
and commitment therapy-based messages (ρ=-0.25; P<.05), as
opposed to 12 weeks, at which point there was no correlation
observed [47]. Studies used varying measures of engagement
and efficacy of the respective smartphone technologies; 38.5%
(n=10) reported percent completion of the program
[21-23,28,29,32,34,35,40,46], 19.2% (n=5) reported app use
per week or day [24,27,30,36,46], 19.2% (n=5 reported the
retention or dropout rate [37,38,43,45,46], and 7.7% (n=2)
reported the number of logins to the program [33,44]. However,
only 10 studies reported the duration of time spent per coaching
interaction [22-25,29-31,41,42,46], and many did not directly
assess the influence of coaching on the results.

Finally, there was high variability in the mode of contact used
across the studies; 13 (50%) of the studies used 2 or more means
of contact [22,24,25,27,29,30,32,37,41,42,44-46]. Phone calls
were most commonly used to contact participants (14, 53.8%)
[22-24,27,29,30,32,33,35,37,41,42,45,46], followed by emails
(7, 26.9%) [22,25,27,32,41,43,44], then in-person meetings (6,
23%) [26,28,31,36,42,45], in-app messaging (5, 19.2%)
[24,29,30,34,37], text messaging (5, 19.2%) [25,27,38,46,47],
FaceTime or teleconference (2, 7.7%) [37,39], app notifications
(1, 3.8%) [39], and Facebook (1, 3.8%) [44].
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Table 1. Summary of coding metrics.

Number of studies, n (%)Criteria and coding specifications

Type of training

9 (35)Specified

16 (62)Unspecified

Mode of contact

7 (27)Email

14 (54)Phone call

5 (19)In-app message

5 (19)Text message

6 (23)In-person

2 (8)FaceTime or teleconference

1 (4)Notifications

1 (4)Facebook

On demand vs scheduled

12 (46)On demand

21 (81)Scheduled

Clinical vs nonclinical

19 (73)Clinical

14 (54)Nonclinical

Clinician vs nonclinician vs peer

18 (69)Clinician

3 (12)Nonclinician

3 (12)Peer

4 (15)Not specified

Time spent per interaction

11 (42)Specified

15 (58)Not specified

Evidence of dose effect

25 (96)No

1 (4)Yes

Social vs coach model

24 (92)Social

5 (19)Coach

Participants compensated

17 (65)Yes

9 (45)No

Participants received smartphone

4 (15)Yes

7 (27)Yes, if necessary

16 (62)No

Remote study

12 (46)Yes

14 (54)No
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Discussion

Coaching offers a solution to engagement challenges with digital
mental health, but its interpretation and implementation remain
heterogeneous, consistent with our hypothesis. While our results
are not a comprehensive review, they offer a selected sample
across the mental health app literature, which highlights the
diversity of efforts and results when applying different models
of coaching to support apps. A lack of consensus around
coaching protocols and outcomes precludes discussion of
whether coaching may be a covariate, confounder, moderator,
or mediator for clinical improvement with apps. While we were
not able to explicitly measure the therapeutic alliance construct
within this work, the heterogeneity found across coaching
modalities may suggest a lack of consensus regarding how to
best foster a digital therapeutic alliance [48] between the patient
and clinicians. Recent studies not captured in our sample have
employed the Digital Working Alliance Inventory to measure
alliance with apps and suggested that such an alliance may
predict app engagement [49], highlighting the significance of
future research and standardization around this concept.

The high degree of heterogeneity reflected in our results suggests
the versatility of coaching and its ability to easily adapt to unique
circumstances. Coaching was feasible across all platforms
ranging from text messages to social media and for both
on-demand and scheduled interactions. Coaches were also able
to support completely remote studies (defined as specifically
involving no synchronous interactions) as well as offer
face-to-face services in meeting with participants in other
studies. While a clinician served the role in 69.2% of studies,
the role is also accessible to other people including those with
no formal training.

One challenge around understanding the efficacy of coaching,
beyond the heterogeneity of the role and studies, is that training
protocols, fidelity to those protocols, and coaching specific
outcomes are often not reported. Without understanding how
coaches are trained and if they adhere to that training during
the study, it is impossible to understand what support is actually
being delivered. Study metrics reports by coach instead of
participant and cohort may also offer productive data toward
understanding the impact of this role. While no studies measured
outcomes such as the Working Alliance Inventory,
alliance-specific measures would offer information into potential
mechanisms of action.

However, the results from this paper offer several paths forward.
These results suggest that clinical vs nonclinical staff can serve

in coaching roles, and scheduled vs on-demand support can also
both be feasible. Crowdsourcing peer support via social
networks or small internal networks also appears feasible. As
the role and best practices evolve, clinics can implement the
methods that best match their local needs and resources. The
different models presented in this paper can serve as examples
in building new coaching services and provide measures to
consider during implementation. While beyond the immediate
scope of this article, protocols around digital mental health
coaching are emerging and can serve as further reference
[50,51]. Of note, neither of these protocols or earlier versions
of them was used in any paper reviewed.

Our results are in line with prior works that have examined
coaching around mental health apps. In a 2020 paper, Callejas
et al [51] reported on selected examples and noted a need for
more data around engagement and mechanisms of action
underlying coaching. A lack of consensus around app
engagement measures has also been found in recent reviews
[52,53].

A chief limitation of this work is that it draws a sample from
only 2 reviews of mental health app studies. Given that nearly
every digital health study involves some degree of coaching
(even if they are informal support from research assistants,
which may not be reported), it is infeasible to conduct a broader
review. Therefore, our goal was not to include every relevant
paper, but rather to conduct a preliminary investigation into
coaching techniques used by recent studies and identify trends.
Other studies have specifically explored coaching and mental
health apps. For example, in their 2019 paper, Mohr et al [54]
found that coaching was associated with more downloads of a
mental health app but not long-term engagement with that app.
Our results are thus best interpreted as exploratory signals that
suggest productive avenues for exploring coaching as well as
guidance for understanding the high degree of heterogeneity
that must be unpacked in new research efforts. The classification
scheme used in this study was created de novo by our team
given the state of this literature and can serve as a useful scaffold
to create new versions in the future.

Coaching for mental health apps will continue to expand in
scope, necessitating an understanding of its therapeutic potential
and implementation into care settings. While current efforts
around the role remain diverse, they suggest a flexibility
necessary to support the evolving digital mental health space
and to work across diverse populations and technologies.
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Abstract

Background: The digitization and automation of diagnostics and treatments promise to alter the quality of health care and
improve patient outcomes, whereas the undersupply of medical personnel, high workload on medical professionals, and medical
case complexity increase. Clinical decision support systems (CDSSs) have been proven to help medical professionals in their
everyday work through their ability to process vast amounts of patient information. However, comprehensive adoption is partially
disrupted by specific technological and personal characteristics. With the rise of artificial intelligence (AI), CDSSs have become
an adaptive technology with human-like capabilities and are able to learn and change their characteristics over time. However,
research has not reflected on the characteristics and factors essential for effective collaboration between human actors and
AI-enabled CDSSs.

Objective: Our study aims to summarize the factors influencing effective collaboration between medical professionals and
AI-enabled CDSSs. These factors are essential for medical professionals, management, and technology designers to reflect on
the adoption, implementation, and development of an AI-enabled CDSS.

Methods: We conducted a literature review including 3 different meta-databases, screening over 1000 articles and including
101 articles for full-text assessment. Of the 101 articles, 7 (6.9%) met our inclusion criteria and were analyzed for our synthesis.

Results: We identified the technological characteristics and human factors that appear to have an essential effect on the
collaboration of medical professionals and AI-enabled CDSSs in accordance with our research objective, namely, training data
quality, performance, explainability, adaptability, medical expertise, technological expertise, personality, cognitive biases, and
trust. Comparing our results with those from research on non-AI CDSSs, some characteristics and factors retain their importance,
whereas others gain or lose relevance owing to the uniqueness of human-AI interactions. However, only a few (1/7, 14%) studies
have mentioned the theoretical foundations and patient outcomes related to AI-enabled CDSSs.

Conclusions: Our study provides a comprehensive overview of the relevant characteristics and factors that influence the
interaction and collaboration between medical professionals and AI-enabled CDSSs. Rather limited theoretical foundations
currently hinder the possibility of creating adequate concepts and models to explain and predict the interrelations between these
characteristics and factors. For an appropriate evaluation of the human-AI collaboration, patient outcomes and the role of patients
in the decision-making process should be considered.

(JMIR Hum Factors 2022;9(1):e28639)   doi:10.2196/28639

KEYWORDS
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Introduction

Background
From a global perspective, many health care systems face
comprehensive challenges that affect how care is delivered to
society. In this regard, several factors increasingly strain care
structures, processes, and the actors involved. For instance,
demographic changes and the overall aging of society raise
age-related health issues and demands [1,2] and introduce further
case complexity; for example, in the form of comorbidity [3].
Simultaneously, a shortage of personnel and medical expertise
can be discerned in many—often remote and rural—regions,
caused by the low attractiveness of jobs in care due to
inappropriate compensation and high workload [4], the
attractiveness of urban areas and structures [5], the absence of
young graduates willing to establish new or continue existing
practices [6], or the trend toward centralized care facilities, inter
alia [7]. As a result, larger catchment areas develop for providers
who have to cope with deficient and inequitably distributed
first-hand access to care [8]. Further, on a societal level,
detrimental access to care can marginalize lower socioeconomic
groups, as a study from the United States suggests [9], impeding
the maintenance of comprehensive and inclusive care.
Considering the increasing complexity of medical care on the
one hand and the decreasing time and personnel resources on
the other hand, the need to actively support clinicians at the
point of care is growing.

Clinical Decision Support Systems
Representing a promising and widely adopted technology to
render processes and decisions more efficient, so-called clinical
decision support systems (CDSSs) are software applications
capable of catalyzing and informing the process of
decision-making of medical professionals [10]. Although
applications exist that target the decisional processes of patients,
often called decision aids [11] or patient decision support
interventions [12], the clinical use of CDSSs remains the
primary domain for decision support. Here, the evaluation of
performance, adoption, effectiveness, and impact on patient
outcomes advances, but still lacks comprehensive approaches
[10], including an analysis of relationships among technological
characteristics, continual use, and effects on diagnosis and
treatment. Nevertheless, the potential of CDSSs to support
diagnostic processes leads to their use in other contexts of
medicine; for example, primary care [13], and in several
different disciplines, from emergency medicine [14] and
dermatology [15] to radiology [16]. Aside from diagnostic
purposes, CDSSs are used to detect possible inadequate
prescriptions of medication [17] or to simulate different
treatment strategies and their impact on patient outcomes [18].
Until today, CDSSs have had partial nonadoption for numerous
reasons; for example, workflow disturbances or trust deficits,
and their adoption is linked to many different factors concerning
technology and human-technology interaction [19,20]. In
particular, the subjective perception of and attitude toward the
CDSS remains a crucial predictor of adoption [21]. This is
because the CDSS surpasses the preferably objective description
of medical information (eg, in electronic health records) and
interprets this information to support clinical interventions [19].

Meanwhile, the comparability of CDSS among different contexts
is difficult because of the already-mentioned variation in user
groups (patients, physicians, nurses, etc), medical domains
(clinical care, primary care, etc), medical disciplines
(dermatology, radiology, etc), and purposes (diagnosis,
prescription, treatment, etc).

Owing to technological innovations, health care technologies,
including CDSSs, are increasingly enabled by artificial
intelligence (AI) [22]. The first evaluation of an AI-enabled
CDSS promises increased performance and accuracy compared
with a conventional CDSS [23]. In addition, clinicians and
experts in the field generally expect simplification of
organizational processes, such as patient flows, with the advent
of AI [24]. Defined as a technology’s capability to work in a
way that a human perceives as intelligent [25], AI is used on
various occasions with regard to CDSS, such as risk prediction
for medical complications [26] and adverse drug effects [27].
However, a rigorous and consistent definition of AI is
challenging. Therefore, we followed Helm et al [28] and Schuetz
and Venkatesh [29] on their emphasis on the adaptive
characteristics of AI, meaning that AI-enabled CDSSs are
learning entities that change over time while considering their
environmental conditions. Consequently, these systems are not
deterministic and may provide different outputs from the same
input at different times [30]. Compared with medical
professionals, AI-enabled systems can outperform human ratings
or predictions; for example, concerning the classification of
dermal lesions and proliferation [31]. Regarding the adoption
of AI-enabled systems in general, ongoing research reports
several concerns indicated by clinicians. Although the fear of
being replaced appears to depend on the level of knowledge
about the concept of AI that the clinicians possess [32], studies
report that clinicians fear being biased by the recommendations
of AI, resulting in overconfidence and harmful consequences
for patients [33]. In addition, clinicians are concerned that AI
might increase the threat of data breaches and the associated
risks for patients’ privacy, as well as legal consequences
resulting from treatment errors [34]. Nevertheless, current
research suggests an ambivalent perception of AI. Considering
the aforementioned concerns and potential hindrances for
adoption, clinicians assume that AI-enabled systems might save
time and improve the continuous monitoring of patients [35].
Furthermore, research has highlighted that only a few clinicians
comprehend the variety of applications of AI and its conceptual
nature [34,35]. Differences in the perception of AI; for example,
regarding the fear of being replaced [36], emphasize the
subjectivity of clinicians’ attitude toward AI.

Considering the ambiguity of concerns regarding clinicians’
attitudes toward AI, the mentioned hindrances of CDSS adoption
and the similarity between concerns associated with AI and
CDSS (eg, biased decision-making, legal consequences, or fear
of being replaced), an AI-enabled CDSS might actually increase
the relevance of perceptive and subjective factors for adoption
and their interplay with technological characteristics. During
the process of development and evaluation of AI-enabled CDSS,
it became apparent that the potential benefits for clinical
performance and treatment quality are maximized by human–AI
collaboration, rather than by human-AI competition [31].
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However, owing to the interactive and adaptive nature of
AI-enabled CDSS, traditional theories and models to explain
the use and adoption of these systems forfeit their power to
explain and predict a successful collaboration between AI and
human beings [29,37]. Specific factors regarding AI-enabled
technology and human actors such as dermatologists,
radiologists, and other medical professionals are emphasized
to influence the relationship among them, including the
explainability or understandability of the system [38], its purpose
[39], and the resulting trust a human actor perceives in the
system [40]. Considering that factors related to the subjective
attitude and perception of clinicians, such as trust, already
impact the adoption of non-AI CDSS [21,41,42], we argue that
the advent of AI-enabled systems increases the importance of
specific factors that are not exclusively bound to technological
characteristics. Considering the already investigated hindrances
impeding the adoption of CDSS by clinicians [43,44], the lack
of a sound theoretical basis, or the reliance on traditional
theoretical approaches within ongoing research [45], the need
for a review of AI-specific factors influencing the collaboration
between AI and human actors has increased.

Human-AI Interaction and Collaboration
To understand the dyadic relationship between humans and AI,
it is necessary to understand key concepts and their
interrelations. Although many researchers use the term
interaction [46], literature defining what interaction means is
seldom. Hornbæk et al [46] showed that there is no common
definition and identified 7 concepts of interaction that highlight
different perspectives. However, the human–computer
interaction framework of Li and Zhang [47] shows that
interaction can be generally understood as a process of using a
technology for a task in a specific context. In turn, collaboration
etymologically stems from the term collaborare which means
work with. As the origin reveals, collaboration can be understood
as a joint effort in which a common goal is pursued. From our
perspective, collaboration is thus a successful interaction with
an adaptive AI-enabled system. Under the assumption that both
human and AI-enabled systems are not error-free, a human-AI
collaboration is effective when errors are prevented. In this
context, a key driver of such effective collaboration is that
medical professionals perceive the system as trustworthy (ie, a
certain level of trust) for the tasks to be done and accept it. Trust
is a complex psychological construct that is described as the
will to make oneself vulnerable [48]. If a party considers another
party to be trustworthy, the relationship is in turn determined
by the perception of the other parties’ attributes of ability (the
legitimacy of a system’s recommendation for a specific
decision), benevolence (the accordance of a human actor’s and
the system’s intention and motivation to do good), and integrity
(the accordance of a human actor’s and the system’s
superordinate values) [40]. Nevertheless, it remains unclear
how system design can influence the perception of
trustworthiness and what human traits foster the propensity to
trust.

Objectives
The objective of this study is to summarize the factors
influencing effective collaboration between medical

professionals and AI-enabled CDSSs. Capturing these factors
is essential for medical professionals, management, and
technology designers to reflect the adoption, implementation,
and development of AI-enabled CDSSs [48,49]. Further, we
seek to explore what specific outcomes are used to evaluate
successful collaboration between humans and AI-enabled
CDSSs (performance, effectiveness, impact on patient outcomes,
etc) and the theoretical foundations on which they are based.
Finally, the comparison between factors that are associated with
AI-enabled CDSSs and those associated with CDSSs not enabled
by AI appears to be important in evaluating the extent to which
the current literature has already reflected the uniqueness of
human-AI collaboration.

Methods

Overview
We conducted a narrative review to summarize the current
literature regarding our specific objectives [50]. In the following,
we report the search for relevant literature to meet our objective,
its selection, and its synthesis to counteract the subjectivity of
our results [50]. We selected 3 different meta-databases to search
for studies that met our research objective. We defined our
search strategy in accordance with the relatively broad scope
of our study [51]. To report our results, we followed the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines for reviews [52]. Through our
initial search, we identified 1161 studies by screening titles and
abstracts, of which 100 (8.61%) satisfied our inclusion criteria.
Through a backward search, we identified another study that
was included in our full-text assessment, resulting in 101 articles
assessed for eligibility. Finally, 6.9% (7/101) of studies were
included in our synthesis of results.

Databases
We included the databases PubMed, PsycInfo, and Business
Source Complete for our literature review. PubMed indexes
>5000 journals in the fields of medicine, health care, and related
disciplines. We used PubMed, in particular, to gather
information about the clinical effectiveness and implementation
of AI-enabled CDSSs. PsycInfo contains >2000 journals from
behavioral and social science research. We searched PsycInfo
to examine the psychological dimensions of AI-enabled CDSSs
and decisional processes. Finally, we scanned results from
Business Source Complete, containing >1000 journals in the
field of business sciences, to obtain insights regarding our
objective from an economic and procedural perspective.

Study Selection
We combined 2 different sections of search terms (AND
conditions). The first section represented the technologies
associated with the objective of our research (AI OR artificial
intelligence OR machine learning OR cognitive computing OR
intelligent agent OR decision support OR recommendation
agent). The second section reflected the interactional dimension
of human-AI collaboration (trust* OR acceptance OR
*agreement OR consent OR compliance OR congruency OR
collaboration OR resistance). We included articles published
in English over the last 10 years. To select relevant literature,
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2 authors (MK and SW) independently screened titles and
abstracts to exclude articles that did not involve AI-enabled
technology (see the definition in the Clinical Decision Support
Systems section) and those that were not related to health care
or medicine. The inclusion and exclusion criteria were discussed
in detail before the screening. In addition, to familiarize
themselves with the procedure, an initial sample of 100 entries
was screened. A high level of agreement was achieved, and
disagreements were resolved through discussion between the 2
authors (MK and SW). In the remaining papers, only a few
borderline cases were discussed until consensus was reached,
and both the authors (MK and SW) finally came to the same
result. In the full-text screening, articles that did not involve AI

or AI-enabled systems (n=32), did not consider the interaction
between the human actors and AI-enabled systems (n=15), did
not distinguish between AI-enabled and non–AI-enabled CDSSs
(n=6), did not involve CDSS (n=38) or the perspective of
medical professionals (n=1), or appeared to be gray literature
or opinion (n=2) were excluded. Detailed documentation of the
exclusion process for full-text screening is provided in
Multimedia Appendix 1, where all excluded studies and the
reasons for exclusion are presented. The selection of relevant
literature is represented through a PRISMA flowchart (Figure
1). If articles were eligible, we summarized and reported the
specific factors influencing effective collaboration.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart. AI: artificial intelligence; CDSS: clinical
decision support system.

Results

Overview
On the basis of our study selection, 7 studies were included in
our final synthesis. From our perspective, this result stems from
the fact that many studies of AI-enabled CDSSs (1) compare
solely the diagnostic accuracies of human raters and those of

AI-enabled systems and (2) focus on technological
characteristics and the development of these systems, but do
not discuss their effects on the interaction or collaboration
between technology and human actors. Therefore, most (5/7,
71%) of the included studies reflected on the relevance of
specific characteristics or factors by contemplating the objective
from a meta-perspective (Table 1).
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Table 1. Summary of study characteristics included in our review.

Focal point of interestContextType of studyStudy

TrustClinical care; health care (general); clinicians; no specific
purpose

Narrative reviewCabitza et al [53]

Mortality or morbidityClinical care; dermatology; physicians; diagnosticsNarrative reviewFelmingham et al [54]

ExplainabilityClinical care; dermatology; physicians; diagnosticsNarrative reviewGomolin at al [55]

Trust; explainabilityClinical care; radiology; physicians; diagnosticsNarrative reviewReyes et al [56]

IntentionClinical care; health care (general); physicians; diagnosticsQuantitative studyJeng and Tzeng [57]

PerformanceClinical care; dermatology; physicians; diagnosticsQuantitative studyTschandl et al [31]

TrustClinical care; health care (general); clinicians; no specific
purpose

Narrative reviewAsan et al [30]

Factors Influencing Collaboration

Technological Characteristics
This study addresses different dimensions or steps in the
development, implementation, and adoption of an AI-enabled
CDSS. The technological characteristics of these systems, that
is, the abilities and attributes of technology that are defined by
their design [58], are described as meaningful determinants for
the way the interaction between the system and the human actor
is shaped. For instance, Cabitza et al [53] concluded that a
“truthful, reliable, and representative” system needs high-quality
data based on which it is trained. Similarly, Asan et al [30]
argued that the development of a “healthy trust relationship”
with algorithmic decision-making relies on the thoughtful design
of system characteristics. In general, the resulting performance
of the system and its ability to explain or justify its conclusions
appear to be strong predictors of a positive relationship
[30,31,54-56]. Reyes et al [56] defined the explainability of an
AI-enabled system as the ability to ensure that a human actor
understands “the link between the features used by the machine
learning system and the prediction.” In current literature,
explainability and transparency of a system are often used
interchangeably [54] or in the sense that transparency appears
to be a superordinate category of explainability [30]. Closely
linked to a system’s ability to explain its internal processes is
the resulting effect on human actors with respect to the
subjective interpretability of the given information [55].

Furthermore, Tschandl et al [31] argue that the output of an
AI-enabled CDSS in its dimensions of simplicity, granularity,
and concreteness might affect the final decision of clinicians;
the better an AI-enabled system’s output is adapted to the
situational context of its use, the more precise the overall
diagnostic performance of the AI and humans (eg, clinicians
facing multiclass diagnostic problems are supported by AI-based
multiclass probabilities). In addition, a study mentioned the
importance of usability and user satisfaction for effective
human-AI collaboration [53] but does not provide a definition
in the context of AI-enabled CDSSs.

Human Factors
In addition, social (eg, trust), psychological (eg, personality
traits), and cognitive characteristics (eg, cognitive biases) of a
human actor affecting their interaction with technology, that is,
human factors [59], appear to be meaningful prerequisites for

the relationship between systems and actors as well. Asan et al
[30], Tschandl et al [31], Felmingham et al [54], and Jeng and
Tzeng [57] argued that the clinical experience of medical
professionals is a highly important factor in determining the
interaction and performance of human-AI collaboration. In
general, these studies show that less experienced physicians
benefit the most from AI-enabled CDSSs and attain a higher
overall diagnostic accuracy, whereas an experienced physician’s
diagnostic accuracy differs little or not at all. In addition, Asan
et al [30] and Felmingham et al [54] argue that technological
experience and even the personality of medical professionals
are important factors for medical professionals’decision-making
processes, although no study has yet investigated their effect
on the collaboration between AI-enabled CDSSs and human
actors. Furthermore, Asan et al [30] and Felmingham et al [54]
mentioned that the relationship between the system and human
actor can be disrupted by several cognitive biases affecting
collaboration at different times, that is, confirmation bias,
anchoring effect, overconfidence, availability bias, framing
effect, premature closure, and automation bias. Already known
from medical decision-making in general, cognitive biases alter
rational processes of medical professionals, resulting in
erroneous diagnostics and treatments [60]. Because of biased
thinking in decisional processes and the variety of biases
occurring at different times in these processes, AI-enabled
CDSSs are prone to be affected by these biases [54].

Among the included studies, a human actor’s trust in an
AI-enabled CDSS appeared to be another important factor that
directly influenced the quality of collaboration and adoption of
technology. For instance, Cabitza et al [53] argued that a lack
of trust might result from different technological characteristics
and their situational fit but always negatively impacts the overall
performance of the human-AI team. Reyes et al [56]
hypothesized that the comprehensible explainability of a system
ensures a high level of trust, including a system’s ability to
explicate its learning process and essential or most effective
determinants for its prediction, as well as adequate and
situational visualization of its internal processes. Felmingham
et al [54] argued that trust is created through an interactional
process between AI and humans. Accordingly, Asan et al [30]
also highlighted the interdependency of human factors and
system features as constituting factors of trust. However, Asan
et al [30] argued that maximizing trust should not be the ultimate
goal, as AI also has its limitations in that blind trust could lead
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to undesirable consequences. Instead, system designers should
establish mechanisms that encourage reciprocal skepticism,
create healthy trust relationships, and maximize the accuracy
of clinical decisions. From this perspective, trust is highly
dependent on the personality of the human actor, system design,

and cognitive biases that might emerge in the collaboration.
The reported technological characteristics and human factors
influencing effective AI-human collaboration are summarized
in Table 2.

Table 2. Technological characteristics and human factors influencing and shaping the relationship and collaboration between AI-enabled clinical
decision support systems (CDSSs) and human actors.

StudyDefinitionParameters

Technological characteristics

[53]Information used for training of AI-enabled CDSSs to create a truthful, reliable, and represen-
tative system

Training data quality

[30,55]The accuracy and reliability of an AI-enabled CDSSPerformance

[30,31,54-56]An AI-enabled CDSS' ability to ensure that a human actor understands the processes that lead
to the prediction and the prediction itself

Explainability or transparency

[31]The degree to which an AI-enabled CDSS fits into a specific context or environment according
to the subdimensions simplicity, granularity, and concreteness

Adapted output or adaptability

Human factors

[30,31,54,57]The degree of medical experience of a human actor within the context of collaboration with
an AI-enabled CDSS

Medical expertise

[30,54]The degree of technological experience of a human actor with regard to an AI-enabled CDSSTechnological expertise

[54]A medical professional’s attributes and characteristics that influence the interaction with AI-
enabled a CDSS

Personality

[30,54]The cognitive processes that alter rational decision-making and perceptions of an AI-enabled
CDSS

Cognitive biases

[30,53,54]The subjective impression of a medical professional that an AI-enabled CDSS is truthful and
reliable

Trust

Evaluation of Medical Outcomes
Of the 7 included studies, only 1 (14%) study mentioned the
interrelation between an effective human-AI collaboration and
primary clinical outcomes. Reviewing an AI-enabled CDSS for
skin cancer diagnostics, Felmingham et al [54] mentioned the
possible impacts of these systems on a patient’s morbidity and
mortality associated with skin cancer in general. Other studies
described secondary outcomes, such as a system’s mathematical
accuracy [55] or behavioral intentions to use a CDSS [57]. No
study investigated the impact of technological characteristics
or human factors on primary clinical outcomes.

Theoretical Foundation of Research
Of the 7 included studies, only 1 (14%) study mentioned the
theoretical foundations on which implications for practice are
based explicitly. Jeng and Tzeng [57] derived hypotheses for
their empirical investigation from the unified theory of
acceptance and use of technology, which is a technology
acceptance theory widely adopted to explain the intention to
use technology and the subsequent use behavior [61]. An
important predecessor in this theoretical model is social
influence (ie, “...the degree to which an individual perceives
that important others believe he or she should use the new
system” [61]). However, based on their results, Jeng and Tzeng
[57] discarded their theoretical assumption about social influence
affecting clinicians’ intentions to use a CDSS. Felmingham et
al [54] discussed the role of cognitive biases in decisional
processes involving AI-enabled CDSSs. Nevertheless,

Felmingham et al [54] did not explicitly mention the origin of
cognitive biases in the prospect theory by Kahneman and
Tversky [62].

Discussion

Principal Findings
Our results show that only a few (7/101, 6.9%) studies have
already broached the issue of individual factors influencing
effective collaboration between a human actor and an
AI-enabled CDSS. Although unique considerations with regard
to these systems appear; for example, the important role of trust
[30,53], scarce empirical evidence exists for the relational
structure of essential factors or characteristics. In addition, many
studies did not describe the involved system and its
characteristics extensively, enabling differentiation between AI
and non–AI-enabled systems accurately [42]. Therefore, we
argue that a more thorough description of the involved system
and its characteristics is highly relevant for future research as
it lays the foundation for comparing different systems and their
effectiveness. Nevertheless, in the process of reviewing the
literature, we were able to differentiate between factors primarily
associated with technological structures and functions
(technological characteristics), and those primarily associated
with human actors’ psychological or perceptual attributes
(human factors). Both technological characteristics and human
factors influence the nature of the interaction between human
actors and AI-enabled CDSSs. Interestingly, some technological
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characteristics and human factors appear to be antecedents of
interaction; for example, the personality of medical professionals
[54], whereas others appear to be effects of an interaction [53].
Therefore, as suggested by Felmingham et al [54], it can be
assumed that human factors and technological characteristics
are mutually dependent and together shape the interaction
between human actors and AI-enabled CDSSs. As described in
the Background section, the shape of an interaction between
human actors and AI and their resulting interactional relationship
can be considered a condition for successful collaboration.
However, the foundation for evaluating an AI-enabled CDSS
differs, in accordance with current research addressing non-AI
CDSS [20]. Studies from our results discussed the accuracy or
mathematical performance of systems, adoption by medical

professionals, sustainability and congruency of interaction, and
the effects on patient outcomes to be relevant for evaluation.
Although the effectiveness of a collaboration between human
actors and AI currently depends on the context and objective
of a system [53], the paradigm of medicine clearly dictates the
final evaluation of a CDSS by its ability to improve primary
and secondary outcomes of patients [22]. As AI-enabled systems
are characterized by their adaptive nature [29], processes of
individual interaction and collaboration are likely to be iterative
and reciprocal and will change and be refined over time. Figure
2 summarizes this process based on our results and can be
considered a proposed descriptive framework for human-AI
collaboration.

Figure 2. Steps and elements of reciprocal processes of human–artificial intelligence collaboration.

When comparing our results to research concerning medical
professionals’ interactions with non-AI CDSS, high
correspondence can be noted. Khairat et al [20] mentioned
workflow fit (adaptability), computer literacy (technological
expertise), trust, a general optimistic attitude of clinicians
(personality), and clinical expertise (medical expertise) as
important factors for effective adoption. In addition, Khairat et
al [20] reported usability and perceived usefulness as
determinants. As perceived usefulness needs further
concretization within the context of AI-enabled systems [53],
usability might generate only minor relevance for AI-enabled
CDSSs, as these systems are based on automated processes of
use and integrate human-like ways to communicate (eg, natural
language processing for voice control) [29]. In contrast, the
explainability of a CDSS appears to be a technological
characteristic that strongly influences the collaboration between
humans and the system, whether it is enabled by AI or not [63].
However, differentiation of explainability and related terms
such as understandability, interpretability, and transparency has
not yet been completed, and the impact of explainability on
other relevant factors, including trust, has not yet been
empirically verified [63]. In general, it is not clear how and if
technological characteristics and human factors influence other
specific aspects of collaboration between human actors and
AI-enabled CDSSs. For instance, studies suggest that high
clinical expertise influences overall collaborative performance
[54] but does not hypothesize possible explanations. Clinical
expertise might be associated with a lack of trust in these
systems, overconfidence biases, or the fact that these systems
are sometimes less accurate than experienced physicians.

Furthermore, other studies involving non-AI CDSSs have
emphasized the essential role of trust in the effective interaction
between humans and the system. Trust is a multidimensional
construct. A lack of trust might result from reservations

regarding the mathematical accuracy or appropriateness of a
system or the purpose of a system in improving patient outcomes
[64]. As our literature review reveals the importance of the
technological accuracy of AI-enabled CDSSs, research focusing
on trust in human-like technology has shown that ability,
benevolence, and integrity are essential prerequisites for
sustainable adoption [37,40]. However, only 14% (1/7) of the
included studies highlighting trust in its role in successful
collaboration defined the actual meaning of trust [30], and none
of the included studies paid attention to the prerequisites.
Considering the inconsistent definition of trust in technology
[48,65], future research might reveal important prerequisites
for trust within the interaction between human actors and
AI-enabled technologies. In addition, the relationship between
trust in AI-enabled CDSSs and improvement in clinical
outcomes requires further investigation.

Findings from our literature as well as ongoing research
concerning non-AI patient decisional aid suggest that a stronger
theoretical foundation for the interaction between human actors
and CDSSs is important [66]. Felmingham et al [54] already
demonstrated that cognitive biases, originating from the prospect
theory, might decisively impact effective collaboration, that is,
the tendency to confirm assumptions already made rather than
falsify them, known as confirmation bias [67], might distort the
relationship between medical professionals and AI-enabled
CDSS in the sense that they might not accept a different opinion
except their own. In contrast, relying on automated information
instead of vigilantly seeking and interpreting information, known
as automation bias [68], might actually cause the unreflected
acceptance of suggestions made by a CDSS. Therefore, to
discuss suitable theoretical foundations, it might be helpful to
further explicate and structure the aforementioned
nontransparent relations of different constructs, factors, and
characteristics influencing decision-making and collaboration.
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In addition, problems originating from the application of
traditional technology-centered theories (such as the technology
acceptance model or unified theory of acceptance and use of
technology) on AI-enabled decision-making might lead to
inappropriate results [29,69]. Theories concerning the
trust-based adoption of human-like technology [40] promise to
encounter these deficits by emphasizing the interactional
components of technology adoption and use.

Limitations
Our study had some limitations. As some studies derived their
conclusions about collaboration between AI-enabled CDSSs
and human actors from studies of CDSSs not enabled by AI or
assigned results from non-CDSSs to CDSSs, reasoning about
interrelations between different technological characteristics
and human factors is preliminary and requires further
investigation. Although our results fit well with the current
findings about the uniqueness and specific nature of human-AI
interaction, very few (7/101, 6.9%) studies, of which most were
narrative reviews, were included because of our innovative and
novel objective as well as the specific context. This may be a
result of our relatively narrow search, which could be extended
by explicating the related constructs and prerequisites of trust.
Explorative empirical studies based on suitable theoretical
foundations might yield frameworks and models to structure
future research on AI-enabled CDSSs, as our study primarily
provides an orientation about relevant individual characteristics
and factors. The consideration of environmental influences (eg,
organizational policies or culture [30] and patients’ views [70])
on AI-supported decisional processes for medical care is vital
for a comprehensible understanding but cannot be provided
within the scope of our review.

Conclusions
We extracted the technological characteristics and human factors
relevant for effective collaboration between medical
professionals and AI-enabled CDSSs. Although most of the
findings from previous research on non–AI-enabled CDSSs are
in accordance with our results, the weighting of specific factors
might change with AI-enabled systems. The adaptive and

increasing human-like nature of AI-enabled CDSSs emphasizes
the time sensitivity and reciprocity of decisional processes that
should ultimately lead to an improvement in care. Cognitive
biases may occur at any time during these processes, varying
the effectiveness of collaboration. Explainability remains an
essential prerequisite for interaction, and the expertise and
personalities of medical professionals have come into focus. In
addition, trust between humans and the system emerges as a
central aspect of decisional support, whereas the interrelations
among these facets still need to be investigated. Concepts such
as shared decision-making justify the integration of patients’
demands and wishes, an important factor for medical care, and
its role in human-AI collaboration is yet underrepresented.
Currently, it is unclear how these concepts can be integrated
into AI-enhanced decisional processes and to what extent
medical decisions with the help of the CDSS are influenced by
the subjective meaning and understanding of diagnoses or
treatments by patients. In addition, as several studies have
measured the effectiveness of collaboration by means of other
parameters, primary and secondary patient outcomes should be
considered in future research.

As described earlier, modern health care structures are under
increasing pressure. Involved medical professionals face
immense workloads per capita, and the supply of personnel
declines. Because these structures form the initial access points
for most citizens in need of care and treatment, approaches that
foster more efficient decision-making and treatment processes
are becoming imperative to maintain comprehensive care. Thus,
an AI-enabled CDSS represents an important and future-oriented
measure that enables actors in the health care domain to improve
resource allocation, make timelier and less stressful decisions,
and cope with shortages in personnel, facilities, and expertise.
However, the potential application of CDSSs and pursued
benefits calls for investigations that shed light on how
AI-enabled processes can be implemented within prevalent
health care structures so that the associated risks and challenges,
such as the oversimplification of individual patient data or the
automated initiation of suboptimal or erroneous treatments, can
be mitigated.
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Abstract

Background: Accurate information about chemotherapy drugs and regimens is needed to reduce chemotherapy errors. A national
e-library, as a common knowledge source with standardized chemotherapy nomenclature and content, was developed. Since the
information in the library is both complex and extensive, it is central that the users can use the resource as intended.

Objective: The aim of this study was to evaluate the usage and usability of an extensive e-library for chemotherapy regimens
developed to reduce medication errors, support the health care staff in their work, and increase patient safety.

Methods: To obtain a comprehensive evaluation, a mixed methods study was performed for a broad view of the usage, including
a compilation of subjective views of the users (web survey, spontaneous user feedback, and qualitative interviews), analysis of
statistics from the website, and an expert evaluation of the usability of the webpage.

Results: Statistics from the website show an average of just over 2500 visits and 870 unique visitors per month. Most visits
took place Mondays to Fridays, but there were 5-10 visits per day on weekends. The web survey, with 292 answers, shows that
the visitors were mainly physicians and nurses. Almost 80% (224/292) of respondents searched for regimens and 90% (264/292)
found what they were looking for and were satisfied with their visit. The expert evaluation shows that the e-library follows many
existing design principles, thus providing some useful improvement suggestions. A total of 86 emails were received in 2020 with
user feedback, most of which were from nurses. The main part (78%, 67/86) contained a question, and the rest had discovered
errors mainly in some regimen. The interviews reveal that most hospitals use a computerized physician order entry system, and
they use the e-library in various ways, import XML files, transfer information, or use it as a reference. One hospital without a
system uses the administration schedules from the library.

Conclusions: The user evaluation indicates that the e-library is used in the intended manner and that the users can interact
without problems. Users have different needs depending on their profession and their workplace, and these can be supported.
The combination of methods applied ensures that the design and content comply with the users’ needs and serves as feedback
for continuous design and learning. With a broad national usage, the e-library can become a source for organizational and national
learning and a source for continuous improvement of cancer care in Sweden.

(JMIR Hum Factors 2022;9(1):e33651)   doi:10.2196/33651

KEYWORDS

chemotherapy regimens; user evaluation; standardization; patient safety; chemotherapy; safety; usability; e-library; medication
errors
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Introduction

Chemotherapy treatments are highly complex, and errors may
cause serious harm among patients with cancer, which is a
particularly sensitive group owing to impaired tolerance [1,2].
Errors in the chemotherapy process occur at all stages of
medication use [2]. However, the prescribing stage plays a key
role in the creation of chemotherapy errors [3,4]. Therefore, the
use of computerized physician order entry (CPOE) or
chemotherapy prescription clinical decision support systems
(CDSSs) is recommended [5,6]. Multiple stakeholders,
physicians, nurses, and pharmacists, but also patients and their
relatives, are involved in the process. This adds to the risk
picture, which emphasizes the importance of accurate and timely
information about dosages, sequence of therapies, supportive
medications, and duration of treatment [7]. Therefore, a common
source providing this information was needed. This paper
presents a newly developed e-library for chemotherapy regimens
with a focus on results from a usage and usability study.

In Sweden, descriptions of chemotherapy regimens were earlier
developed and compiled locally within health care organizations.
This was mostly because Sweden, with its 10 million inhabitants,
is divided into 21 county councils, representing different
geographical regions, all having far-reaching autonomy
regarding the planning, financing, and operation of the region’s
health care. In total, there are 17 oncology clinics in Sweden,
which manage chemotherapy regimens, of which 7 are located
at university hospitals. Additionally, there are several smaller
units at other health care clinics, which also manage regimens.
The many autonomous clinics have resulted in the same
chemotherapy treatments occurring under different names and
with different dosages causing uncertainty and risks for mix-ups.
To overcome these uncertainties and risks, a national knowledge
source for regimens (an e-library) was developed, with
standardized nomenclature and content in chemotherapy
regimens, also facilitating the exchange of information between
hospitals, CPOE systems, and patients.

A standardized national source for chemotherapy regimens can
constitute a preventive safety barrier function in the
chemotherapy process [8]. Standardization of workflow
processes, prescribing, preparation, dispensing, and
administration are recommended as safeguards against
medication errors [9,10]. Standardized order sets [11],

standardized design and architecture [12], and standardized
protocols and dosing [13] are beneficial when implementing
CPOE systems. In 2020, the HemOnc group (working with a
collaborative web-based knowledge platform for oncology
professionals in the United States) published a proposal for a
standardized nomenclature for chemotherapy regimens that
were also compared to the thesaurus of the US National Cancer
Institute [14]. In a recently published article, a review of
attempts to standardize chemotherapy nomenclature is presented
together with recommendations from a European expert panel
of oncology pharmacists [15]. In this case, standardization is
one way to ensure that all involved health care units have access
to a standardized nomenclature and the latest evidence on
chemotherapy treatments, which also allows for increased
patient safety.

For the national e-library to serve as the intended safety barrier
function, it needs to be designed and developed in accordance
with user and usability criteria. Shulman et al [16] discusses
principles for oncology eHealth records and claims that such
systems should be designed to perform logically and
straightforwardly, be user-friendly, and always be available to
users. The same is applicable for a web-based resource. Based
on such an approach the e-library was developed in a
user-centered process and has been available since 2015 [17].
Representatives from different user groups were involved
throughout the development process, including oncology nurses,
physicians, hospital pharmacists, and patients with cancer.

The national e-library [18] contains the following parts: (1)
basic facts containing important medical and pharmaceutical
information on drugs; (2) regimens presented per diagnosis with
an overview (including instructions, precautions, and
recommendation for dose reduction), adverse drug reactions
(ADRs), and a detailed administration schedule; (3) information
sheets for patients per regimen, providing a short description
of the treatment and the most common or important ADRs with
advice for self-treatment and when to contact the hospital; (4)
support documents for health care professionals; and (5)
newsletters published after updates of the e-library. Part of a
regimen is shown in Figure 1. The primary users are physicians,
nurses, and pharmacists. They can access the information in the
e-library for reading, printing, or downloading XML files for
the CPOE systems used in Sweden. The patients gain access to
the information sheets per regimen through their nurse.
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Figure 1. Overview of the Cisplatin-Docetaxel regimen for lung cancer. BSA: body surface area, GFR: glomerular filtration rate.

Since the information in the library is both complex and
extensive, it is central that the users can utilize the resource as
intended. Otherwise, it might not be the source for improved
performance and quality in cancer care that is envisioned. The
aim of this study was to evaluate the usage and usability of the
e-library for chemotherapy regimens developed to reduce
medication errors and increase patient safety. This paper presents
the results from the evaluation, which will also serve as input
for continuous development and improvement.

Methods

A combination of methods was chosen to obtain a
comprehensive view of the usage, including a compilation of
subjective views of the users, analysis of statistics from the
website, and an expert evaluation of the usability of the e-library
[19]. The results will help understand where further development
is needed or will have the most impact (Figure 2). The
evaluation consisted of five parts:
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Figure 2. Evaluation of the e-library using multiple methods to conclude its intended usage and usability and to iteratively improve the resource.

1. Website statistics collected from May to December 2020
show the number of users in total, unique users, when they
visit the e-library, and from where the visitors were.

2. A web survey for people visiting the e-library was
conducted during January 2020. The survey consisted of
questions about the visitor’s role and function, what
information they were looking for, how pleased they were
with the visit, and if they had suggestions of improvements.

3. A heuristic evaluation of the user interface [20] was
performed in June 2020 to identify details in the user
interface design that could be improved to increase usability.

4. Spontaneous user feedback was collected in the form of
emails sent to the development team or project leader during
2020, which was obtained from users presenting their role
and question or suggestions.

5. Qualitative interviews with 4 nurses, 3 physicians, and 3
pharmacists from various regions in Sweden were
performed at the end of 2020 and at the beginning of 2021.
As the intention is that the patients should get
regimen-related information through their nurse and not
through the e-library, no patient interviews were conducted.
Interview questions concerned what parts of the e-library
they used, how they used it, their experiences of using the
e-library in their work compared to how they worked before,

and their expectations for further development. The
interviews were transcribed verbatim, and a process of
transcript analysis was applied to identify themes.

Results

Website Statistics
During the last 8 months of 2020, the average number of visits
to the website per month was just above 2500, and the number
of unique visitors was 870. Most visitors were from Sweden,
with some users from other countries in northern Europe,
especially Scandinavia. Visitors from Sweden’s 3 largest cities
(Stockholm, Gothenburg, and Malmoe) accounted for more
than 50% of all visits. Most visits took place on Mondays to
Fridays, but there were 5-10 visits per day on weekends.

Web Survey
From the survey with 292 answers, it became clear that the
visitors were mainly physicians (49%, 144/292) and nurses
(36%, 104/292), and, to some extent, pharmacists (7%, 21/292).
The rest were from the pharmaceutical industry and others.
Almost 80% (224/292) stated that they searched for regimens
and 90% (264/292) stated that they found what they were
looking for. Most of the users were satisfied with their visit.
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The less satisfied visitors (8%, 22/292) lacked the regimens or
diagnostic areas that they were looking for. There were 32
comments, 18 of which asked for more regimens and
information sheets for patients. The rest of the comments
concerned the design of the survey or were positive reviews.

Heuristic Evaluation
The heuristic evaluation was performed in accordance with the
Nielsen and Molich’s [20] framework, which implies that a
product or system is evaluated in a structured way following
ten predefined usability heuristics: (1) visibility of system status;
(2) match between systems and the real world; (3) user control
and freedom; (4) consistency and standards; (5) error prevention;
(6) recognition rather than recall; (7) flexibility and efficiency
of use; (8) aesthetic and minimalist design; (9) recognize,
diagnose, and recover from errors; and (10) help and
documentation. The results show that the e-library follows many
of the existing design principles; therefore. it could be concluded
to be usable in its current form. Nevertheless, some improvement
suggestions were identified, such as moving patient information
sheets to a separate tab in the menu, improving the search
function by providing suggestions, and improving the start page
by moving newsletters to a separate tab.

Spontaneous User Feedback
A total of 86 emails with spontaneous user feedback were
received from nurses (50%, 43/86), pharmacists (20%, 17/86),
physicians (17%, 15/86), the pharmaceutical industry (8%,
7/86), and others (5%, 4/86). Of the emails, 78% (67/86)
concerned questions such as “When will regimens arrive in a
certain diagnostic group?” “How long should the drug
temozolomide be given before starting radiation therapy?” In
19 of 86 (22%) emails, the sender had discovered errors in the
e-library, which mainly concern the regimens, such as patient
information sheets where there is a lack of a certain side effect
or that the incorrect “treatment intention” had been chosen. All
emails were answered, and in cases where there was incorrect
or unclear information in the e-library’s documents, it was
rectified.

Qualitative Interviews
Interview results showed that most hospitals used a CPOE
system for their prescription and administration (3 systems
exist). One hospital has no system; instead, they use the
administration schedule from the e-library. Those with a CPOE
system use the library in various ways, including importing the
XML files, reading the information in the library and then
transferring the information to their CPOE system, or using the
library as a reference to check their information. The newsletter
is published regularly on the e-library’s website, with
information on new regimens or basic facts, and detailed
information about changes in the regimens was appreciated by
most of the interviewees, but not all of them had noticed them.
The basic facts are used in various ways depending on
profession; the pharmacists focus on preparation, shelf-life, and
references to stability studies, the nurses focus on ADRs, and
the physicians focus on new drugs. The nurses, especially, were
interested in the patient information sheets that are available
for most of the regimens. Most hospitals already had their patient

information sheets but will switch to the ones in the e-library.
The available supporting documents for health care
professionals, and especially “Management of side effects
associated with immunotherapy with checkpoint inhibitors,”
are indicated by the nurses and physicians as very useful. Among
the expectations for further development was a harmonization
of regimens used in different diagnostic areas; for example, the
same amount of infusion fluid and infusion times for the same
drug.

Discussion

Principal Findings
The results from the user evaluation indicate that the e-library
can be concluded to be used in the intended manner, and the
users do not have any problems interacting with the knowledge
source. From the web surveys and interviews, it becomes clear
that it is the content that the users focus on. The usability of the
website is not addressed by the users, which may be interpreted
as subjective satisfaction in the interaction with the system. The
heuristic evaluation showed that there were minor usability
issues that should be addressed to improve the overall usability
of the website. The web survey showed that the users
substantially are satisfied with their visit. Most of the users
found what they were looking for, and their main feedback was
a desire for more regimens, more diagnostic areas to be covered,
and more patient information sheets, which are continuously
added and updated. The expressed needs from the users are
useful to understand which areas and regimens should be
prioritized in the development work. The number of visits
indicates that the resource is used extensively, and the
geographical span shows that the e-library has emerged as the
national resource it is intended to be. Users from almost all
Swedish regions exist, although the 3 largest cities stand for the
main usage. However, the introduction of the library has
proceeded fairly quickly, and it is believed that it is only a matter
of time before all regions have adopted the use of the e-library.

The spontaneous user feedback shows clearly that the e-library
is used. Contact with the users is vital, and websites generally
facilitate a rapid and comprehensive means of knowledge
dissemination [7]. Emails from users reporting incorrectness
are gratefully received, and they show that errors can slip
through despite several checks. The interviews revealed various
ways to use the information in the regimens. Some use the XML
files to import the regimen to their CPOE system, which is a
way to ensure that the transmitted information is accurate. Those
transferring the information explained that they had to adjust
information in their CPOE system; therefore, is it easier to copy
one of their regimens and implement the necessary changes to
match the new regimen. Some clinics do not have any CPOE
system yet, still relying on handwritten orders and
documentation. To transfer information manually is always a
risk for introducing errors. Users have different needs depending
on whether they are doctors, nurses, or pharmacists and
depending on whether they work at a university hospital or a
smaller hospital. The e-library can support these different needs
from the users.
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Automated downloading of the regimens from the e-library to
the CPOE systems could improve the process, ensuring updated
information without manual handling. However, the CPOE
systems do not support this yet, and the process and approval
of the updated information at each local clinic must be adapted
to the change.

Limitations
This study uses a mix of methods to address the usage and
usability of a web-based resource for chemotherapy regimens.
One can always discuss which mix of methods is optimal, and
the combination used here could certainly be extended to include
additional ones. Cognitive walkthrough is one such method,
which could have been adopted—it is an explicit and detailed
procedure to simulate a uses’ problem-solving process at each
step through the dialogue with the system having potentially
provided additional input in evaluating its usability [21].

The qualitative interviews revealed that nurses have started to
replace their old patient information sheets with the ones in the
e-library. In a follow-up study, it would be relevant to include
patients in the evaluation process.

The study is performed in a geographically delimited system
(Sweden), but the article contributes with working methods for
how user-driven development contributes to a more standardized
working method, which could also provide safer care. That
knowledge is useful beyond the Swedish healthcare context.

Finally, a longer-term evaluation is required to gain good insight
into how the system is used and to evaluate how it contributes
to increased safety in cancer care.

Conclusions
The comprehensive user evaluation conducted is an important
part of continuing the user-centered process that started already
during the development of the e-library. Multiple evaluation
methods complement one another by providing input from
several perspectives (ie, expert or user, subjective or objective)
that may be triangulated and hence identify critical design
aspects and user needs [19]. The combination of methods
applied in the evaluation presented in this paper included both
objective usage statistics, expert methods for usability, and the
users’ subjective feedback through a web survey and qualitative
interviews. This ensures that the design and content of the
e-library comply with the users’ needs and works as feedback
for continuous development and learning [22]. Thus, the
evaluation is a vital part assuring that the e-library act as a safety
barrier, is well designed and that general design flaw is avoided,
a design flaw that otherwise could create new risks in the
chemotherapy process. The evaluation will contribute to a deeper
understanding of users’ judgements about the library content
and help to develop strategies for increasing the national usage
of the library. With a broad national usage, the e-library can
become a source for organizational and national learning and a
source for continuous improvement of cancer care in Sweden.
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Abstract

Background: Vital signs monitoring (VSM) is routine for inpatients, but monitoring during free-living conditions is largely
untested in chronic obstructive pulmonary disease (COPD).

Objective: This study investigated the usability and acceptability of continuous VSM for people with COPD using wearable
multiparameter technology.

Methods: In total, 50 people following hospitalization for an acute exacerbation of COPD (AECOPD) and 50 people with stable
COPD symptoms were asked to wear an Equivital LifeMonitor during waking hours for 6 weeks (42 days). The device recorded
heart rate (HR), respiratory rate (RR), skin temperature, and physical activity. Adherence was defined by the number of days the
vest was worn and daily wear time. Signal quality was examined, with thresholds of ≥85% for HR and ≥80% for RR, based on
the device’s proprietary confidence algorithm. Data quality was calculated as the percentage of wear time with acceptable signal
quality. Participant feedback was assessed during follow-up phone calls.

Results: In total, 84% of participants provided data, with average daily wear time of 11.8 (SD 2.2) hours for 32 (SD 11) days
(average of study duration 76%, SD 26%). There was greater adherence in the stable group than in the post-AECOPD group (≥5
weeks wear: 71.4% vs 45.7%; P=.02). For all 84 participants, the median HR signal quality was 90% (IQR 80%-94%) and the
median RR signal quality was 93% (IQR 92%-95%). The median HR data quality was 81% (IQR 58%-91%), and the median
RR data quality was 85% (IQR 77%-91%). Stable group BMI was associated with HR signal quality (rs=0.45, P=.008) and HR
data quality (rs=0.44, P=.008). For the AECOPD group, RR data quality was associated with waist circumference and BMI
(rs=–0.49, P=.009; rs=–0.44, P=.02). In total, 36 (74%) participants in the Stable group and 21 (60%) participants in the AECOPD
group accepted the technology, but 10 participants (12%) expressed concerns with wearing a device around their chest.

Conclusions: This wearable multiparametric technology showed good user acceptance and was able to measure vital signs in
a COPD population. Data quality was generally high but was influenced by body composition. Overall, it was feasible to
continuously measure vital signs during free-living conditions in people with COPD symptoms but with additional challenges in
the post-AECOPD context.

(JMIR Hum Factors 2022;9(1):e30091)   doi:10.2196/30091
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Introduction

Chronic obstructive pulmonary disease (COPD) is the third
leading cause of death worldwide [1]. People living with COPD
may experience an acute exacerbation (ie, acute exacerbation
of COPD [AECOPD]), which reduces their quality of life and
increases the risk of premature mortality [2].

While often defined by worsening of respiratory symptoms, an
AECOPD is associated with changes in heart rate, oxygen
saturation [3], and respiratory rate [4], with such vital signs
monitored routinely as an inpatient. Transferring this monitoring
to the daily lives of outpatients has been challenging but, by
doing so, it may be possible to recognize deterioration in health
[5,6]. Studies have remotely monitored symptoms through pulse
oximetry or spirometry to identify changes in patient health for
a while now [7-12], as patients typically find it difficult to
identify small day-to-day variations in symptoms [13,14]. The
use of remote patient monitoring following hospitalization for
an AECOPD is less common [15-18], despite this population
being at high risk of readmission to hospital [19,20].

When deploying technological solutions, patient burden is an
important barrier to success. To date, studies have relied on
patients actively taking daily measurements, such as from pulse
oximeters [7,9,10,12,15-17,21,22]. Patient-driven measurements
could result in recall bias, errors in data collection [23], and
reduced compliance [24-26]. Other studies have required
patients to use multiple devices to measure vital signs
[12,26,27], which adds to patient burden, with the additional
complication of managing multiple devices leading to reduced
adherence [26]. It can be even more challenging for individuals
following hospitalization for an AECOPD to engage with digital
health technologies [17,28,29], perhaps owing to greater disease
severity [30]. Providing that it is comfortable and accepted by
patients, wearable technology could facilitate free-living health
monitoring.

Accordingly, we aimed to determine whether (1) we can
measure vital signs using a novel wearable device post
hospitalization for AECOPD and during the stable phase of
COPD, (2) there are patient characteristics associated with
adherence and data quality, and (3) measures of feasibility are
different between people post AECOPD and those with stable
COPD symptoms.

Methods

Recruitment
We performed a prospective, observational cohort study of
people living with COPD admitted to hospital for an AECOPD
(AECOPD group) and people with stable COPD symptoms
(Stable group). This single-center study was undertaken between
January 2018 and December 2019 at the University Hospitals
of Leicester, the United Kingdom, where individuals were

recruited from hospital wards or the pulmonary rehabilitation
(PR) service.

People with an AECOPD were screened by COPD specialist
nurses and recruited when medically stable and close to being
discharged. People with stable disease were screened by the PR
team at their initial PR assessment and enrolled prior to starting
their PR program. Inclusion criteria were as follows: being ≥18
years old; having a confirmed clinical diagnosis of COPD from
spirometry data in medical records; and for the AECOPD group,
an admission with a primary diagnosis of exacerbation of COPD
was required. Participants were excluded if they had a physical
or visual impairment or comorbidities that prevent participation,
required palliative care, were participating in another study, or
were unable or unwilling to provide written informed consent.

Vital Signs Measurements Using an Equivital
LifeMonitor
All participants were asked to wear an Equivital EQ02+
LifeMonitor device (Equivital) (hereby, “vest”) during waking
hours for 6 consecutive weeks. During their baseline visit,
participants practiced putting on and removing the vest with a
researcher first, and then independently while supervised, and
they were also given written and visual instructions to take
home. Participants were asked to remove the vest during
water-based activities and to charge the sensor electronics
module (SEM) overnight, at least every other night.

Our patient and public involvement (PPI) group contributed to
the design of the study. Specifically, members selected the
Equivital LifeMonitor, from a choice of three wearable devices,
and provided feedback on the duration of wear period. They
also provided feedback on study documentation, wording, and
verbal description of the study for recruitment purposes.

The AECOPD group were asked to start wearing the vest
following discharge from hospital, making the day after
discharge the first day of wear. The Stable group were asked to
wear the vest following their baseline study assessment (after
initial PR assessment). The day after the baseline visit was the
first day of wear (Multimedia Appendix 1).

Participants were contacted by a researcher via telephone 1-3
days after their baseline visit to evaluate acceptability of the
vest. Participants had further follow-up telephone calls on a
fortnightly basis for troubleshooting purposes or could contact
the study team on an ad hoc basis.

The vest measured heart rate (HR), respiratory rate (RR), skin
temperature (ST), and physical activity (PA) [31]. PA was
classified as stationary or ambulatory using an inbuilt triaxial
accelerometer. HR was obtained using built-in ECG electrodes,
RR was recorded with a built-in expansion belt, and ST was
measured using a thermometer in the SEM (15-second epoch).

Measures of Feasibility
Definitions and criteria for feasibility indicators are specified
in Table 1. Adherence was defined by the number of days the

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e30091 | p.198https://humanfactors.jmir.org/2022/1/e30091
(page number not for citation purposes)

Hawthorne et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


vest was worn during the 6-week study period and the daily
wear time. Missing data were examined and classified as either
battery depletion (failing to charge the SEM) or nonwear.

The signal quality of HR and RR were based on the proprietary
confidence algorithm, accounting for activity and connection
artefacts. Based on manufacturer’s recommendations, a signal
quality threshold of 85% was used for HR and 80% for RR to
indicate whether each 15-second value was deemed acceptable.
Data quality for HR and RR was defined as the percentage of

daily wear time with acceptable signal quality. Signal quality
and data quality were used to identify the confidence of the data
generated by the vest.

Field notes from the follow-up phone calls were analyzed to
ascertain any common problems that participants had with the
technology or other aspects of the study participation.
Acceptability was defined as reporting no problems with the
technology.

Table 1. Measures of feasibility.

CalculationDefinitionMeasure (unit)

Number of days (out of 42) deemed as worn with
minimum wear time thresholds (1-16 hours)

Number of days that a participant wore the vest across 6
weeks (42 days)

Duration worn (days)

Sum of the time with a heart rate of >25 beats/min
and a skin temperature of >25°C

The duration for which the vest was worn in a single dayWear time (hours)

Average heart rate confidence when the vest was
worn

The confidence that the heart rate data obtained are accurateHeart rate signal quality (%)

Average respiratory rate confidence when the vest
was worn

The confidence that the respiratory rate data obtained are
accurate

Respiratory rate signal quality (%)

Proportion of time that the heart rate confidence was
≥85% when the vest was worn

The proportion of daily wear time when the heart rate signal
quality was ≥85%

Heart rate data quality (%)

Proportion of time that the respiratory rate confidence
was ≥80% when the vest was worn

The proportion of daily wear time when the respiratory rate
signal quality was ≥80%

Respiratory rate data quality (%)

Proportion of time that the respiratory rate confidence
was ≥80% or the heart rate confidence was ≥85%
when the vest was worn

The proportion of daily wear time when respiratory rate
signal quality or heart rate signal quality was valid

Skin temperature data quality (%)

Vital Sign Measurements
Vital signs examined were HR, RR, ST, and PA. HR and RR
were calculated as the average HR and RR, respectively, during
wear time. PA was calculated as the proportion of daily wear
time when the patient was ambulatory.

Participant Characteristics
Demographics, clinical histories, comorbidities, and spirometry
data were obtained from medical records or information
provided by participants. Height and weight were obtained from
medical records or measured. Chest circumference and waist
circumference were measured.

The Medical Research Council dyspnea scale [32] was used to
measure breathlessness.

Statistical Analyses
No formal sample size calculation was undertaken for this
feasibility study. A sample size of 50 participants per group
was decided on the basis of potential suitable participants,
logistics, and resources available.

Data were analyzed using R (version 4.0.0). Continuous
variables distributions were tested for normality. Data are
reported as mean (SD) or median (IQR) and differences between
groups were assessed using a 2-sample unpaired t test or
Mann–Whitney U test, respectively. Frequency comparisons
between groups were assessed using the Fisher test. The
Spearman rank correlation coefficient (rs) was used to analyze
associations between variables (Cronbach α=.05).

Ethics Approval
All participants provided written informed consent (Research
Ethics Committee 15/LO/2055) and the study was prospectively
registered (ISRCTN12855961).

Results

Recruitment and Participant Characteristics
Figure 1 outlines recruitment details, reasons for withdrawal,
and completion rate for the AECOPD and Stable groups. The
AECOPD group had a lower BMI, more severe dyspnea, more
hospital admissions, and more frequent exacerbations, but they
were otherwise similar to the Stable group (Table 2).
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Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flowchart for the AECOPD and Stable groups. AECOPD: acute exacerbation of
chronic obstructive pulmonary disease; COPD: chronic obstructive pulmonary disease; DNA: did not attend; PIS: patient information sheet; PR:
pulmonary rehabilitation.
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Table 2. Baseline characteristics of the AECOPDa and Stable groups.

P valueStable group (n=49)AECOPD group (n=35)Characteristics

>.9927 (55.1)19 (54.3)Male, n (%)

.7766.7 (9.2)67.6 (9.7)Age (years), mean (SD)

.0428.0 (6.7)25.2 (6.0)BMI (kg/m2), mean (SD)

.2939.0 (4.0)37.9 (4.4)Chest circumference (inches), mean (SD)

.3997.4 (15.2)94.0 (17.1)Waist circumference (cm), mean (SD)

.1653.5 (27.4)44.8 (22.3)Forced expiratory volume in 1 second (% predicted), mean (SD)

.140.50 (0.16)0.43 (0.16)Forced expiratory volume in 1 second–forced vital capacity ratio,
mean (SD)

Medical Research Council dyspnea grade, n (%)

.4715 (30.6)8 (22.9)2

.04517 (34.7)5 (14.3)3

.49916 (32.7)14 (40.0)4

.0031 (2.0)8 (23.8)5

Smoking status, n (%)

.813 (7.1)b0Never

.3329 (69.1)b23 (65.7)Ex-smoker

.2510 (23.8)b12 (34.3)Current

.0940.0 (27.0-50.0)c48.0 (35.5-63.8)Pack years (years), median (IQR)

.703 (7.3)d4 (11.4)Oxygen use, n (%)

<.0010 (0-1.0)e1.5 (1.0-2.8)Hospital admissions in the last 12 months, median (IQR)

.0090.5 (0-3.0)e3.0 (2.0-4.0)Exacerbations in the last 12 months, median (IQR)

.031.5 (1.1-2.0)1.3 (0.9-1.7)Physical activity (hours/day)f, median (IQR)

aAECOPD: acute exacerbation of chronic obstructive pulmonary disease.
bMissing data (n=7).
cMissing data (n=23).
dMissing data (n=8).
eMissing data (n=25).
fCalculated from the Equivital LifeMonitor.

Feasibility Measures
For all 84 participants, the vest was worn for a median of 37.0
(IQR 27.8-40.0) days and the median daily wear time was 12.0
(IQR 10.8-13.1) hours. The median HR signal quality was 90%
(IQR 80%-94%), and the median RR signal quality was 93%
(IQR 92%-95%; Figure 2A). The median HR data quality was
81% (IQR 58%-91%), and the median RR data quality was 85%
(IQR 77%-91%; Figure 2B).

There were no significant between-group differences in the
number of days the vest was worn, the longest number of
consecutive days worn, or the average daily wear time (Table
3). The AECOPD group spent a significantly lesser median time
ambulatory (10.1%, IQR 8.6%-15.0% vs 13.4%, IQR
9.5%-19.3%; P=.03) and showed a lower median HR signal
quality (88.5%, IQR 75.8%-92.6% vs 92.3%, IQR 81.0%-96.4%;
P=.04) than the Stable group.
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Figure 2. HR and RR (A) signal quality and (B) data quality. Data are shown as box plots composed of the 25th percentile (lower extremity of the
box), the median (central line of the box), and the 75th percentile (upper extremity of the box). The lines outside each box correspond to the minimum
and maximum values. HR: heart rate; RR: respiratory rate.

Table 3. Feasibility and vital sign measures for the AECOPDa and Stable groups.

P valueStable group (n=49)AECOPD group (n=35)Measures

.1138.0 (32.0-40.0)33.0 (23.0-39.5)Duration worn (days; maximum, 42 days), median (IQR)

Duration worn (weeks), n (%)

.0235 (71.4)16 (45.7)>5

.114 (8.2)8 (22.9)4-5

>.995 (10.2)3 (8.6)3-4

>.993 (6.1)2 (5.7)2-3

.161 (2.1)4 (11.4)1-2

.571 (2.1)2 (5.7)<1

.3421.0 (10.0-38.0)17.0 (7.0-29.5)Longest number of consecutive days worn (days), median (IQR)

.563.0 (1.0-5.0)2.0 (0.25-5.75)Occasions of missing days (days), median (IQR)

.263 (6%)0 (0%)Flat sensor electronics module battery depletion during wear, n (%)

.3611.9 (10.9-13.3)12.1 (10.4-12.6)Wear time (hours), median (IQR)

.0492.3 (81.0-96.4)88.5 (75.8-92.6)Heart rate signal quality (%), median (IQR)

.6193.2 (91.8-94.6)93.4 (91.5-94.9)Respiratory rate signal quality (%), median (IQR)

.1086.0 (58.8-95.5)78.1 (55.7-88.0)Heart rate data quality (%), median (IQR)

.9785.5 (77.2-89.9)83.7 (75.2-91.5)Respiratory rate data quality (%), median (IQR)

.2797.0 (92.1-98.9)95.6 (89.1-97.9)Skin temperature data quality (%), median (IQR)

.9784.4 (10.2)84.4 (10.3)Heart rate (beats/min), mean (SD)

.7120.3 (3.2)20.6 (3.5)Respiratory rate (breaths/min), mean (SD)

.9034.3 (0.98)34.2 (0.81)Skin temperature (°C), mean (SD)

.8810.2 (9.5-11.5)10.2 (9.7-11.4)Stationary (hours), median (IQR)

.0313.4 (9.5-19.3)10.1 (8.6-15.0)Physical activity (% of wear time), median (IQR)

aAECOPD: acute exacerbation of chronic obstructive pulmonary disease.

Participant Acceptability
From follow-up phone calls, 21 participants (60%) in the
AECOPD group and 36 participants (74%) in the Stable group
found the vest acceptable. Five (14%) participants in the

AECOPD group reported that they did not wear the vest while
unsettled or feeling unwell after returning home. Five (10%)
participants in the Stable group and 5 (14%) participants in the
AECOPD group experienced some discomfort wearing the vest.
Three (9%) participants and 5 (10%) participants in the
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AECOPD and Stable groups, respectively, reported that they
did not wear the vest on days on which they felt unwell. Four
(11%) participants in the AECOPD group had problems
removing the SEM from the cradle of the vest, compared to one
participant (2%) in the Stable group.

Vest Fitting
For the whole sample, 33 (40%) participants were allocated a
larger vest size, which was comparable between groups.
Compared to those who completed the study, a larger proportion
of participants who withdrew required a larger vest size than

the manufacturer’s guidance (71% vs 34%, P=.005). There were
no associations between participants vest fitting and other
feasibility measures (Multimedia Appendix 1).

Relationships Between Feasibility Measures and
Anthropometric Characteristics
For the Stable group, HR signal quality and HR data quality
were positively correlated with BMI (rs=0.45, P=.008; rs=0.44,
P=.008; Figures 3A and 3B). For the AECOPD group, RR data
quality was negatively correlated with waist circumference and
BMI (rs=–0.49, P=.009; rs=–0.44, P=.02; Figures 3C and 3D).

Figure 3. Associations within the Stable group (n=49) between (A) HR signal quality and BMI and (B) HR data quality and BMI, and associations
within the AECOPD group (n=35) between (C) RR data quality and waist circumference and (D) RR data quality and BMI. The shaded area indicates
95% CI and P values and correlations calculated using Spearman ρ. AECOPD: acute exacerbation of chronic obstructive pulmonary disease; HR: heart
rate; RR: respiratory rate.

Discussion

Principal Findings
In this study, it was possible to continuously measure vital signs
(RR, HR, ST, and PA) in free-living conditions using
multiparameter wearable technology for people living with
COPD after hospitalization and during stable symptoms.
Measurement of vital signs using our technology was more
challenging post AECOPD. The Equivital LifeMonitor was
acceptable to some people with stable COPD symptoms and

post AECOPD and produced data of sufficient quality. It should
be noted that some participants felt uncomfortable with a device
around their chest, and data quality was influenced by body
composition. Overall, continuous VSM during daily life is
possible, and its potential utility for supporting patient post
AECOPD should be explored.

In this study, some participants stated that they did not want to
wear a device around their chest. As well as the physical
implications of a vest-like device, people with COPD may be
influenced by the psychological impact of a device around the
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chest, as reported previously [26]. While most participants in
our study reported no discomfort wearing the vest, similar to a
previous study measuring respiratory rate with a chest belt [26],
some participants reported that the vest felt restrictive at times
or made them feel breathless. Perceived breathlessness could
have influenced vest acceptability, as COPD populations tend
to prefer watch-like devices [33]. However, measuring
respiratory rate from such devices is challenging [34]. The use
of a wearable, wireless patch has been successful in continuously
monitoring vital signs of inpatients [35], and although this would
reduce the perceived breathlessness with a vest-like device,
Rubio et al [34] reported that a chest band could measure the
RR more reliably than patch-like devices.

Recruitment was more challenging in the AECOPD group, with
15.4% of eligible patients recruited for the AECOPD group,
compared to 41.3% in the Stable group, as seen in previous
similar studies [9,17]. In a study where patients were asked to
record oxygen saturation (SpO2) and RR using 2 separate
devices for 2 months, 79% measured SpO2 and 60% measured
RR three times per day, while 98% and 83% measured SpO2

and RR, respectively, once per day [26]. In this study, we
observed a comparable adherence to findings when patients
took daily measures (84% of participants provided vest data)
but were able to capture a vast amount of data (on average 12
hours of data). Compared to the AECOPD group, a greater
proportion of the Stable group wore the vest for >5 weeks (46%
vs 71%). Technology continues to develop multiparametric
wearable devices [36-39] to reduce patient burden, but it is
possible that this remains a significant barrier in an AECOPD
population with lower digital literacy.

Participant feedback from telephone calls suggested that the
vest was acceptable overall, with 68% of participants reporting
no problems. Some participants reported that they chose not to
wear the vest on the days that they felt unwell. Vitacca et al
[18] asked participants to complete a weekly 12-item Respicard
(recording symptoms, SpO2, and HR) for 6 months and
identified that participants with worse respiratory values had
poorer adherence. In this study, 10% of the AECOPD group
withdrew because they experienced problems wearing the vest,
and 14% of participants in the AECOPD group struggled to
engage with the device once returning home. Following
discharge from hospital post AECOPD, symptoms remain
elevated, and it takes time for patients to recover to their normal
symptoms and daily activities [7,40]. Despite our single piece
of technology reducing the need for patients to measure multiple
vital signs and the observational nature of the study, the greater
symptom burden in an AECOPD population reduced adherence
to wearable technology.

Our results show that some patients were unable to participate
as their chest size exceeded the maximum vest size, or they felt
that the maximum vest size was not a suitable fitting. The
Equivital LifeMonitor used in this study was originally designed
to monitor vital signs in a military population [41]. A greater
proportion of those who withdrew required a larger vest size

than the completers (71% vs 34%). Existing wearable
technology is more broadly marketed toward a healthy
population and is typically not tailored for people living with
COPD. While the form of the technology used in this study was
generally acceptable, advancements in more discrete
technologies are needed.

Similar to previous reports in healthy men [31], this study shows
that HR and RR measurements obtained from the vest are of
sufficient quality in a COPD population. Evidence suggests
accurate vital signs measurements of clothing monitors such as
the Zephyr BioHarness and Hexoskin [42,43], but our PPI
members found such devices challenging to put on and remove
owing to their tight-fitting nature. Despite the technology used
in this study being tested by our PPI group, physical impairments
affected participants’ ability to wear the vest and charge the
SEM. Compared to 2% of the Stable group, 11% of the
AECOPD group reported problems putting the SEM in the
cradle, with some needing help from a cohabitant. The HR
signal and data quality were also worse for people with a lower
BMI, which is seen more often in an AECOPD population
[44-46]. This may be owing to lower body composition and
lower conductance [47]; therefore, a weaker connection between
the skin and the electrodes embedded in the vest. These
problems have been observed elsewhere [26] and must be
considered by manufacturers, researchers, and clinicians when
selecting digital health technologies.

Limitations
Although the number of patients assessed in this study was low
as a proportion of patients screened, introducing the possibility
of selection bias, recruitment is often challenging post AECOPD
[17,28,29]. Our single piece of technology aimed to passively
capture multiple vital signs; however, some participants may
prefer active participation to obtain recordings. It was not
possible to measure SpO2 and blood pressure in the continuous
and unobtrusive manner in line with this study. The lack of an
age-matched healthy control group prevented us from identifying
the unique difficulties with the use of multiparameter technology
in a COPD population. This study may have benefitted from
measuring vital signs overnight, to obtain individualized
“baseline” vital sign values. A more rigorous qualitative
exploration of participants’ experiences would have provided
greater insights than telephone call field notes.

Conclusions
Following hospitalization for AECOPD and during stable
symptoms, it was possible to continuously measure RR, HR,
ST, and PA using multiparameter wearable technology during
free-living conditions. The Equivital LifeMonitor was acceptable
to participants and produced data of sufficient quality, despite
some reports of discomfort with wearing a device around the
chest and data quality influenced by body composition. Overall,
continuous VSM during daily life is possible for people living
with COPD and its potential utility for supporting patients post
AECOPD should be further explored.
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Abstract

Background: Patient safety during anesthesia is crucially dependent on the monitoring of vital signs. However, the values
obtained must also be perceived and correctly classified by the attending care providers. To facilitate these processes, we developed
Visual-Patient-avatar, an animated virtual model of the monitored patient, which innovatively presents numerical and waveform
data following user-centered design principles. After a high-fidelity simulation study, we analyzed the participants’ perceptions
of 3 different monitor modalities, including this newly introduced technique.

Objective: The aim of this study was to collect and evaluate participants’ opinions and experiences regarding 3 different monitor
modalities, which are Visual-Patient-avatar, Split Screen (avatar and Conventional monitor alongside each other), and Conventional
monitor after using them during simulated critical anesthetic events.

Methods: This study was a researcher-initiated, single-center, semiquantitative study. We asked 92 care providers right after
finishing 3 simulated emergency scenarios about their positive and negative opinions concerning the different monitor modalities.
We processed the field notes obtained and derived the main categories and corresponding subthemes following qualitative research
methods.

Results: We gained a total of 307 statements. Through a context-based analysis, we identified the 3 main categories of
“Visual-Patient-avatar,” “Split Screen,” and “Conventional monitor” and divided them into 11 positive and negative subthemes.
We achieved substantial interrater reliability in assigning the statements to 1 of the topics. Most of the statements concerned the
design and usability features of the avatar or the Split Screen mode.

Conclusions: This study semiquantitatively reviewed the clinical applicability of the Visual-Patient-avatar technique in a
high-fidelity simulation study and revealed the strengths and limitations of the avatar only and Split Screen modality. In addition
to valuable suggestions for improving the design, the requirement for training prior to clinical implementation was emphasized.
The responses to the Split Screen suggest that this symbiotic modality generates better situation awareness in combination with
numerical data and accurate curves. As a subsequent development step, a real-life introduction study is planned, where we will
test the avatar in Split Screen mode under actual clinical conditions.

(JMIR Hum Factors 2022;9(1):e34677)   doi:10.2196/34677

KEYWORDS

avatar; patient monitoring; semiquantitative research; simulation study; situation awareness; user-centered design;
visual-patient-avatar
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Introduction

Although perioperative mortality directly attributable to
anesthesia is low in high-income countries and has significantly
declined over the last 50 years, the World Health Organization
describes anesthesiologic and surgical complications as the
leading cause of preventable perioperative morbidity and
mortality [1-4].

Among all anesthesia complications leading to permanent brain
damage or death, two-thirds are caused by inaccurate situation
awareness. This concept developed by Mica Endsley comprises
a chain of information processing including the three core levels
of perception (level 1), comprehension (level 2), and projection
(level 3), whereby level 1 is most frequently affected [5-7]. For
appropriate decision-making and thus avoiding errors, a situation
must be recognized, its severity assessed, and the correct next
steps taken while anticipating future progress. This cognitive
process is influenced by individual factors such as experience
and environmental resources. Well-established methods such
as perioperative checklists were developed with the intention
of improving environmental resources [8]. In addition, new
tools are needed to impact situation awareness positively and
thus reduce perioperative anesthesiologic complications.

Hence, we developed Visual-Patient-avatar as a beneficial
environmental factor on situation awareness in patient
monitoring. This avatar-based visualization on a patient monitor
displays an animated model of the measured numerical
parameters combining principles of logic and user-centered
design [9]. Previous computer-based studies have shown that
more vital signs were observed when using this new technique,
subjective diagnostic confidence increased, and perceived
workload declined compared to conventional patient monitoring
[10-12]. However, the use of Visual-Patient-avatar in a
high-fidelity simulation study has not yet been analyzed,
including its qualitative aspects.

This study aims to collect and assess the opinions and
experiences of participants concerning the three different patient
monitoring modalities, which are (1) Visual-Patient-avatar, (2)
Split Screen (avatar and conventional patient monitoring side
by side), and (3) conventional, after using them in simulated
critical anesthesia events [13]. We sought to capture the
advantages and disadvantages of the different monitor settings

to foster the avatar’s development and, in the future, facilitate
its implementation in everyday clinical practice.

Methods

Approval and Consent
The Cantonal Ethics Committee of Zurich in Switzerland issued
a declaration of no objection after reviewing the study protocol
(Business Management System for Ethics Committees
Req-2020-00059). All participants signed written informed
consent for the use of their data for research purposes and
participated voluntarily without any financial compensation.

Study Design
This is a researcher-initiated, single-center, semiquantitative
study investigating physicians’and nurses’perceptions of using
Visual-Patient-avatar in simulated critical anesthesia events.
We conducted this study at the University Hospital of Zurich
in Switzerland, in May 2020. We included the same 104 care
providers grouped in 52 teams of a recently published study
that evaluated avatar-based patient monitoring in a high-fidelity
simulation study [13].

Previous Avatar-Based Patient Monitoring Simulation
Study and Participant Interviews
This recently published study showed noninferiority of Split
Screen compared with Conventional monitoring for performance
during anesthesia crisis events. The probability of
communicating the correct reason for the emergency was
increased using the Visual-Patient-avatar as the monitor
modality [13]. Figure 1 shows the 13 available vital signs and
an example with possible deviations and additionally. Part (A)
depicts an awake patient with vital signs within normal range.
The avatar’s body pulsates during patient monitoring, whereby
the frequency and extension indicate the pulse rate and blood
pressure, respectively. In part (B), we demonstrate a desaturated
(purple color), deeply sedated (eyes closed) patient with muscle
relaxation (floppy extremities). Hypotension is represented by
the gap between the purple body and the white boundary line.
If the body temperature leaves the normal range, ice crystals or
heat waves become visible around the avatar. Additionally,
Multimedia Appendix 1 provides an animated version of the 2
examples.
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Figure 1. Two examples of Visual-Patient-avatar used during the high-fidelity simulation. CVP: central venous pressure; ECG: electrocardiogram;
etCO2: end-tidal carbon dioxide; SpO2: peripheral oxygen saturation; ST: ST-segment.

After a short briefing and a training scenario, the participants
completed 3 different emergency scenarios, each with 1 of the
following 3 different monitor modalities: only
Visual-Patient-avatar, Split Screen, and only conventional,
number-based and waveform-based monitor. Figure 2 illustrates
an example of a Split Screen display during simulation, and the
video in Multimedia Appendix 2 shows a recording of a
simulation scenario. After completing all scenarios, we asked

the following 2 questions: “What do you like about the monitor
settings? Eg, particular strengths?” and “What do you dislike
about the monitor settings? Eg, potential problems, limitations?”
The study authors TRR and SS recorded the participants’
responses as field notes on an iPad (Apple Inc). The participants
reviewed the final field note transcripts, modifying or adding
to them if warranted.
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Figure 2. Example of a Split Screen display during simulation with the Conventional monitor on the left and the Visual-Patient-avatar on the right
side. The beige skin tone corresponds to a normal peripheral oxygen saturation, and closed eyes imply a sedated patient.

Semiquantitative Analysis
After collecting all answers, we translated them from German
to English using an online translating service, Deepl (DeepL
GmbH). In Multimedia Appendix 3, we provide the complete
translated field notes. There were no comments made from 12
participants. To gain a first impression by identifying frequently
mentioned terms, we excluded filler words such as “and” or
“the” and performed a word count using Microsoft Word
(Microsoft Corporation). Although the word count does not
provide information about the content of individual statements,
this approach helped us to identify similar expressions.

Subsequently, we grouped the statements using the template
approach, identified main topics, and generated a coding tree,
which we modified until all essential and frequent statements
could be classified [14,15]. According to the recommendations
of reporting qualitative research, study authors SA and LB, who
were not involved in the interview process, evaluated the
statements independently of each other, using the final coding
tree displayed in Figure 3, which was created using draw.io
(Seibert Media GmbH) [16-18]. Before determining a joint code
in case of disagreement, we calculated the interrater reliability
to validate the rating.

Figure 3. Hierarchical coding tree concerning user perceptions of the 3 different monitor modalities. The green boxes include positive subthemes of
the respective major topic. The red boxes contain negative subthemes of the corresponding major topic.
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Statistical Analysis
We report the number of statements and their percentages
relating to the superior topics. To manage our data and to
generate the figures, we used Microsoft Word and Microsoft
Excel. To quantify the interrater reliability, when assigning the
individual statements to a particular topic of the final coding
tree, we calculated the Cohen kappa using R, version 4.0.5 (R
Foundation for Statistical Computing) [19]. To estimate percent
agreement, we used Microsoft Excel.

Results

Participant and Field Notes Characteristics
We acquired field notes between May 4, 2020, and May 28,
2020. All participants were employees of the University Hospital
of Zurich. Of the total 104 participants, 92 (88%) senior

physicians, resident physicians, nurse anesthetists, and trainee
nurse anesthetists took part in the interview process right after
completing the simulation scenarios. Table 1 provides a detailed
description of the study and participant characteristics.

Analyzing the field notes obtained, we identified 329 individual
statements consisting of 2807 words. Of 329 statements, 22
(7%) were not comprehensible to us in terms of content even
after several discussions, so we classified them as “not codable.”
Statements in this category included subjective opinions such
as “I like it” (participant #13.1). The remaining 307 statements
were analyzed semiquantitatively, which allows the calculation
of the proportions of individual statements among the main
topics and subthemes without applying statistical tests [20,21].
Overall, the ratio of statements to the question, “What do you
like about the monitor settings” (144/307, 47%) compared to
the negative perceptions (163/307, 53%) was balanced.

Table 1. Study and participant characteristics in detail (n=92).

ValuesStudy and participant characteristics

92 (88)Participants who submitted field notes, n (%)

46 (50)Female participants, n (%)

14 (15)Senior physicians, n (%)

33 (36)Resident physicians, n (%)

30 (33)Nurse anesthetists, n (%)

17 (16)Trainee nurse anesthetists, n (%)

6.6 (1.5-8)Total anesthesia experience (years), mean (IQR)

Semiquantitative Analysis
Beginning our semiquantitative analysis, we performed word
counts to expose potential main themes. The analysis revealed
that “Visual Patient” was the most frequently occurring term
in the field notes obtained to answer both the positive (35 times
in 144 statements) and negative questions (38 times in 163
statements).

Based on using qualitative research methods and testing 3
monitor modalities, the final coding tree contains the 3 main
categories of Visual-Patient-avatar, Split Screen, and
Conventional monitor, as well as 4 main topics with 11

subthemes. When independently assigning all 327 statements
received to 1 of these topics, the study authors SA and LB
achieved 80% interrater agreement with a substantial Cohen
kappa of 0.78 [22]. In the case of differently coded statements,
a review and joint assignment followed to achieve 100%
interrater agreement after the second round of coding. Figure 4
visualizes the percentage distribution of all statements among
the different categories. The 3 main categories are located in
the innermost circle. The associated major topics and subthemes
are displayed hierarchically toward the outside. Table 2 outlines
the major topics with examples. In the subsequent sections, we
describe the individual categories in detail with percentages and
examples. The calculations refer to the codable statements.
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Figure 4. Sunburst diagram to reflect the user perceptions of the 3 different monitor settings. The width of a section represents the respective percentage
of the topic on all given statements (N=307). Ignored VP: ignored Visual-Patient-avatar.
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Table 2. The major topics with participant count, percentages, and examples.

ExamplesMajor topics and subthemes

Visual-Patient-avatar positive (61/307, 20%)

Design • Especially oxygenation and body temperature well displayed. [#a11.2]
• Integration of all values on one avatar. [#47.2]

Usability • Information simplified by Visual-Patient-avatar. [#13.2]
• Overview of relevant parameters at a glance through Visual-Patient-avatar. [#25.2]

Visual-Patient-avatar negative (99/307, 32%)

Design • The blood pressure feature was not easy to understand for me. [#24.2]
• Visual-Patient-avatar: head too large in contrast to heart and lung. [#25.1]

Usability • Visual-Patient-avatar takes some time getting used to; not entirely intuitive at first. [#29.2]
• At the moment still difficult but with potential. [#38.1]

Incompleteness • Numbers and ranks are missing. [#10.1]
• Lacking information quantification with the Visual-Patient-avatar. [#48.1]

Split Screen positive (79/307, 26%)

Additional information • Additional information by Visual-Patient-avatar. [#14.2]
• I like the combination of new and old monitoring. [#18.2]

Safety aspects • With Visual-Patient-avatar changes faster visible than with numbers or curves. [#13.1]
• More safety. [#41.1]

Usability • Split monitoring helps to focus. [#10.1]
• I prefer the split monitor, Visual-Patient-avatar as first initial diagnosis—quantification

via Conventional monitoring. [#16.1]

Split Screen negative (60/307, 20%)

Size • Info partly displayed a bit small. [#13.2]
• Needs appropriate monitor size. [#24.1]

Overload • Too much information at once in the emergency situation. [#12.2]
• Screen very full. [#30.2]

Visual-Patient-avatar ignored • Looked at numbers. [#9.1]
• I barely looked at the Visual-Patient-avatar. [#18.2]

Conventional monitor (8/307, 3%) • I want to see the details or parameter more precisely. I prefer the “usual” monitor view.
[#26.1]

aParticipant number.

Statements About Visual-Patient-Avatar
We assigned 160 of 307 (52%) statements to the main category
Visual-Patient-avatar. Through inductive free coding, the 2
major topics, Visual-Patient-avatar positive (61/307, 20%) and
Visual-Patient-avatar negative (99/307, 32%), were revealed.

We divided the positive major topic into the 2 subthemes, design
(26/307, 8%) and usability (32/307, 10%). Concerning design
features, the participants distinguished the simplified (participant
#13.2) and realistic (participant #17.1) appearance of the avatar.
Participant #11.2 outlined that “Especially oxygenation and
body temperature is illustrated well.” The participants also
recognized advantages in terms of usability. They found that
Visual-Patient-avatar is “Intuitively understandable” (participant
#31.1), “Gives a good overview” (participant #34.1), and helps

to grasp the situation quickly (participant #37.1). We allocated
more common statements such as “Integration of all values on
one avatar” (participant #47.2) to the major topic
Visual-Patient-avatar positive (3/307, 1%).

Regarding negative properties of the avatar, the participants’
responses depicted design (15/307, 5%), usability (45/307,
15%), and incompleteness (39/307, 13%) as subthemes. For
participant #43.2, the thorax displayed too small, and the vena
cava representation was unclear. Others raised concerns about
possible misinterpretations (participant #46.1) because of the
unfamiliar (participant #48.2) and confusing (participant #48.1)
vital sign presentation within Visual-Patient-avatar technique.
Without concrete values (participant #35.2) and curves such as
the electrocardiogram (participant #42.2), the avatar did not
help in solving the emergency scenarios.
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Statements About the Split Screen
In 139 of 307 (46%) statements, the participants noticed this
main category, which we classified into the major topics Split
Screen positive (79/307, 26%) and Split Screen negative
(60/307, 20%).

In interrater consent, the positive major topic included the 3
subthemes additional information (29/307, 9%), safety aspects
(21/307, 7%), and usability (11/307, 4%). Through “Increasing
attention” (participant #10.1), “Faster recognition of changes”
(participant #29.2), and the “Quick overview” (participant
#45.2), the participants perceived a higher level of safety.
Several participants found the Split Screen mode overall
“Helpful” (participant #47.1) and “Effective” (participant #17.1)
in its use. We allocated responses that generally considered the
combination advantageous to the major topic, positive Split
Screen (18/307, 6%).

The negative major topic concerning Split Screen enclosed the
3 subthemes, “size,” “overload,” and “Visual-Patient-avatar
ignored.” These were named, respectively, in 23/307 (7%),
23/307 (7%), and 9/307 (3%) statements. The participants
criticized the small display and thus the difficulty of detecting
details of the curves (participant #20.1) and the
Visual-Patient-avatar (participant #21.2). Furthermore, they
claimed the Split Screen to be crowded (participant #30.2), and
that there is “Too much information at once in the emergency”
(participant #12.2). In addition, the analysis of the field notes
discovered that several participants ignored the avatar. General
annotations such as “Not sure about the added benefit”
(participant #48.1) were assigned to the major topic, negative
Split Screen (5/307, 2%).

Statements About the Conventional Monitor
A small number of the field notes referred to the main category
Conventional monitor (8/307, 3%). Some participants just stated
that they “Prefer the usual monitor view” (participant #26.1).
Furthermore, we grouped responses that mentioned the familiar
audio support in this main category.

Discussion

Principal Findings
This semiquantitative single-center study explored the
impressions of anesthesia personnel when using the existing
Conventional monitor compared with the new modality
Visual-Patient-avatar—either the avatar only or the Split Screen
variant. User perceptions can uncover improvement
opportunities, and their consideration is essential for the success
of new medical techniques. We assigned most of the statements
to the main category Visual-Patient-avatar, highlighting positive
characteristics and negative features such as the absence of
quantitative data. Many annotations also evaluated the Split
Screen modality, while only a few participants commented on
the well-known Conventional monitor. The latter seems coherent
as Visual-Patient-avatar is a novelty and thus attention catching.

The avatar’s development was guided by the idea of providing
a monitor tool that improves situation awareness through its
user-centered design principles. Following the definition of a

user-centered design through Mica Endsley [9], many
participants stated the avatar technique to include beneficial
design and usability features such as being simplified and
intuitive (positive Visual-Patient-avatar: 61/307, 20%). When
used with the Conventional monitor in Split Screen mode,
Visual-Patient-avatar increases attention and provides a quick
overview. Possible changes in vital signs can then be quantified
using the conventional display (safety aspects: 21/307, 7%).
The aspect of time saving through faster detection is essential
in patient care, as for example, postoperative renal dysfunction
is related to the overall duration of hypotension during general
anesthesia [23].

Many participants claimed the missing numbers and curves
when using only the avatar makes a more precise diagnosis
impossible (incompleteness: 39/307, 13%). In
Visual-Patient-avatar, the data for each vital sign is preprocessed
to show different states (no data, too low, normal, or too high),
aiming to reduce complexity. We understand the technology as
a supplement, which cannot replace the Conventional monitor;
however, it can improve care providers’ situation awareness by
presenting information that is easy to perceive and comprehend.

On the question, “What did you dislike about the monitor
settings?”, this analysis found that size (23/307, 7%) and
overload (23/307, 7%) were the main critical points concerning
the Split Screen mode. During the simulation study, the
scenarios run on 12-inch patient monitors (Philips IntelliVue
MX500; Koninklijke Philips NV, Amsterdam, The Netherlands).
However, the technique for the real-life clinical implementation
is compatible with the Philips IntelliVue MX 550 monitor,
which offers a larger display of 15 inches. This fact can mitigate
the criticism, but it is known that a high information load can
have a detrimental effect on the ability to set priorities and can
confuse the individual [24]. This would contradict the basic
idea of Visual-Patient-avatar and must be kept in mind.

The impression of an overload could also occur because the
technique of the Visual-Patient-avatar and its implementation
as Split Screen variant is new and therefore cognitively
demanding. Accordingly, several participants mentioned being
unfamiliar with the avatar, whether used individually or in Split
Screen mode. Upon introduction of the new technique into
clinical routine, all users will receive education and training
lessons. Nevertheless, it will take time to get used to the new
monitor modalities and fully implement them mentally, as
especially very experienced care providers have been working
with the Conventional monitor modality for decades. The
successful implementation of new techniques can be
demonstrated by the sonographically guided insertion of central
venous catheters [25]. After initial skepticism, this method is
nowadays preferred both in the literature and clinically, as the
complication rate is lower than with landmark-guided puncture
[26].

To achieve a high level of user acceptance, an intuitive interface
and cognitive ease are crucial points [27]. Visual-Patient-avatar
presents the information close to clinical reality. For example,
the avatar’s skin turns purple in case of hypoxemia, or its eyes
are open when the brain-activity sensor detects a high signal.
The participants’ appreciation of the realistic and clear vital
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sign display (design: 26/307, 8%) is in line with the results of
the study by Wachter and colleagues [28], which shows that an
anatomically related interface is particularly intuitive. However,
together with design and technical specialists from Philips
(Koninklijke Philips NV), an intensive redesign process was
carried out to improve weaknesses in the design, such as the
vena cava display. Even though some steps are still needed until
clinical introduction, we expect visualization techniques to have
a great future in medicine after this study. It is encouraging that
Hamilton Medical AG provides the “dynamic lung” in
ventilators to visualize specific lung parameters [29].

Strengths and Limitations
This study has several limitations. In qualitative and
semiquantitative analysis, the structure and results are developed
inductively and cannot be applied to a broader population as it
does not investigate statistical significance. Nevertheless, this
approach allowed us to gain firsthand perceptions and
experiences from our participants right after using the different
monitor modalities. Generally, a nonquantitative assessment
stays close to the participants’ point of view, implying a certain
subjectivity [30,31]. However, this is put into perspective by
the high number of participants and their diversity. As a
single-center study, possible selection bias cannot be excluded.
It is conceivable that the results vary under different
circumstances.

To date, only computer-based studies have been conducted with
the Visual-Patient-avatar [10,11]. One of the strengths is the
high-fidelity simulation, which made it possible to test the new
technique realistically during anesthesiologic emergency

scenarios and to derive conclusions for its use under clinical
conditions [32]. Thus, we obtained the first opinions on
Visual-Patient-avatar directly after experiencing the urgency of
emergent patient treatment. These findings greatly impact the
further development of the technique up to the point of clinical
implementation.

Conclusion
We designed this study to determine care providers’perceptions
concerning monitor modalities incorporating the
Visual-Patient-avatar technique. One of the key findings was
that the participants experienced the avatar technique’s
underlying design principles and characteristics positively under
active use in the context of a high-fidelity simulation. This
insight complements those of earlier studies using the
Visual-Patient-avatar technique in computer-based studies [33].
The participants confirmed the value of the Split Screen mode
through its combination of visual impressions and simultaneous
quantification with numerical parameters. This monitor variant,
planned for future clinical implementation, gives a quick
overview and draws attention to changes specified by the
conventional part. The next step in the development is a planned
real-life introduction study of the avatar in Split Screen mode
under actual clinical conditions. This modality’s weakness,
based on the large amount of information displayed, will be
reflected in the further planning process and will be reviewed
through future studies. By testing the avatar in a simulated
clinical environment for the first time, we are taking a significant
step toward our vision: to help care providers in situations of
high cognitive load to better prioritize information and thus
positively influence decision-making for the patient’s benefit.
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Abstract

Background: The hospitalist workday is cognitively demanding and dominated by activities away from patients’ bedsides.
Although mobile technologies are offered as solutions, clinicians report lower expectations of mobile technology after actual
use.

Objective: The purpose of this study is to better understand opportunities for integrating mobile technology and apps into
hospitalists’ workflows. We aim to identify difficult tasks and contextual factors that introduce inefficiencies and characterize
hospitalists’ perspectives on mobile technology and apps.

Methods: We conducted a workflow analysis based on semistructured interviews. At a Midwestern US medical center, we
recruited physicians and nurse practitioners from hospitalist and inpatient teaching teams and internal medicine residents. Interviews
focused on tasks perceived as frequent, redundant, and difficult. Additionally, participants were asked to describe opportunities
for mobile technology interventions. We analyzed contributing factors, impacted workflows, and mobile app ideas.

Results: Over 3 months, we interviewed 12 hospitalists. Participants collectively identified chart reviews, orders, and
documentation as the most frequent, redundant, and difficult tasks. Based on those tasks, the intake, discharge, and rounding
workflows were characterized as difficult and inefficient. The difficulty was associated with a lack of access to electronic health
records at the bedside. Contributing factors for inefficiencies were poor usability and inconsistent availability of health information
technology combined with organizational policies. Participants thought mobile apps designed to improve team communications
would be most beneficial. Based on our analysis, mobile apps focused on data entry and presentation supporting specific tasks
should also be prioritized.

Conclusions: Based on our results, there are prioritized opportunities for mobile technology to decrease difficulty and increase
the efficiency of hospitalists’workflows. Mobile technology and task-specific mobile apps with enhanced usability could decrease
overreliance on hospitalists’ memory and fragmentation of clinical tasks across locations. This study informs the design and
implementation processes of future health information technologies to improve continuity in hospital-based medicine.

(JMIR Hum Factors 2022;9(1):e28783)   doi:10.2196/28783
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Introduction

Electronic health record (EHR) systems aid documentation,
information retrieval, and order creation. However, their lack
of portability hampers effective support of communication
between health care professionals and optimal access to patient
information [1-3]. Such deficiencies contribute to task
redundancies, constrain medical decisions at the point of care,
and create inefficiencies that detract from valuable
clinician-patient interactions [4-6]. These deficits are perhaps
most impactful for hospitalists, a medical subspecialty focused
on inpatient needs [7,8]. Multiple factors, including high patient
acuity, ineffective health information technology (IT), hospital
layouts, organizational policies, and interruptions, make
hospitalists’ workflow cognitively demanding and dominated
by activities away from the patient’s bedside (indirect care
[9-15]).

As smartphones and tablets (mobile technology) became
ubiquitous, they were proposed as one way to improve health
IT. Physicians in emergency departments anticipated that these
devices would improve workflow and physician-patient
interactions [16], and in 2012, 87% of physicians were using
smartphones and tablets in the workplace [17]. However, users
in health care settings report lower expectations of mobile
devices after actual use [17-19]. Most studies report experiences
of physicians in training or those working in emergency
departments. Less is known about the perceptions of hospitalists
or their unique needs [20,21].

To improve care for Veteran patients, the US Department of
Veterans Affairs (VA) Mobile Health Provider Program was
launched in 2014. Through this program, over 12,000 iPads
have been distributed at more than 60 VA sites. The program
used a multiphase implementation strategy, focused on
infrastructure updates, secure access to native mobile apps, and
development of VA provider apps. However, adoption and use
of the iPads and mobile apps among hospitalists has been low
[22]. Our objective was to describe the needs and opportunities
for mobile technology during the hospitalist workday. To
characterize mobile technology that can synergistically support
the workflow of hospitalists, we interviewed hospitalists to gain
their perspectives on integrating mobile apps.

Methods

Overview
We conducted semistructured interviews guided by the Systems
Engineering Initiative for Patient Safety (SEIPS) framework
[5,23]. This framework, consisting of five factors (people,
environment, tasks, tools, and organization) and their
interactions, can be used to describe how health care providers’
work systems impact workflows and outcomes [5]. Our
interviews focused on tasks from multiple workflows to obtain
in-depth information about related frequencies, redundancies,

difficulties, and mobile apps. Our analysis aimed to characterize
contributing work system factors, multiple impacted workflows,
and participants’ ideas for mobile app interventions.

Participants and Setting
The study was conducted at a 200-bed urban teaching hospital
operated by VA in Indiana. This hospital offered iPad tablets
and introductory training to its health care providers. We sought
approximately 12 participants to increase the likelihood of
thematic saturation [24,25]. We sought participants who
practiced according to the hospitalist model of care because
they may face overlapping workflow challenges. Physicians
and nurse practitioners from hospitalist and inpatient teaching
teams and second- or third-year internal medicine residents were
eligible to participate [26,27]. Eligible participants were
contacted via email, and a nonfiction book was offered for
participation. This study was approved and overseen by the
Institutional Review Board at Indiana University (#1608865326)
and the Research and Development committee at Richard L.
Roudebush VA Medical Center.

Semistructured Interviews

Data Collection
Semistructured interviews were designed as 45-minute sessions
(Multimedia Appendix 1). Participants were asked to describe
their primary roles and information-intensive tasks. They were
then asked to identify tasks that were frequent, redundant, and
difficult, and to explain their choices [28,29]. Definitions were
reviewed with participants as follows:

• Information-intensive tasks: require reading, writing, or
sharing information (eg, chart review)

• Frequent: performed often or for each patient (eg, looking
up patients’ contact information or reviewing discharge
summaries)

• Redundant: done repeatedly that should only be done once
or not at all (eg, repetitious log-ins or clicks to access
required information)

• Difficult: require uninterrupted time and attention (eg,
reviewing labs or determining trends in vitals)

Participants were asked to describe the context of each task with
a focus on work system factors [5]. Interviewers diagrammed
discussions as participants spoke. Participants completed a
demographic survey, including reporting use of self- and
work-furnished mobile technology. Demographics and field
notes were collected on paper and scanned. Interviews were
audio recorded and transcribed.

Workflow Analysis
For each task identified as frequent, redundant, or difficult, we
open-coded participants’ responses and organized these codes
within the five work system factors. Next, we analyzed the
impact those tasks had on workflows [30,31]. Lastly, we
analyzed participants’ responses to mobile technology to identify
and describe types of potential mobile app interventions.
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Using a hybrid deductive-inductive approach, we iteratively
developed a code book with sections and codes to aid each type
of analysis [32]. We used a deductive approach to identify
relevant work system factors and an inductive approach to
describe workflow effects and potential mobile app
interventions. One analyst created the preliminary code book
based on the SEIPS work system factors and open coding of
three transcripts. Using this preliminary code book, four
additional analysts reviewed another set of three transcripts.
The team discussed and refined codes. With the revised code
book, four analysts worked in pairs to code the remaining
transcripts, which were randomly assigned. After coding each
transcript independently, coding partners reviewed transcripts
line by line, resolving discrepancies through consensus meetings.
If new codes emerged during coding, they were retroactively
applied to previously coded transcripts. Each analyst wrote
memos for prominent codes; then, analyst pairs conducted
consensus meetings. After these meetings, an analyst selected
the most frequent open codes, linked the most frequently
co-occurring codes for each, and prepared a narrative summary
with supporting quotations. Coding, memo writing, and content
analysis were performed using Excel (Version 2016, Microsoft
Corporation).

Results

Participants
Over 3 months, we interviewed 12 participants: 9 staff
physicians, 1 resident physician, and 2 nurse practitioners.
Including residency, experience ranged from 0.9 to 37 years
(mean 11.7, median 8.5); experience in the present organization
was similar (0.5-37 years; mean 10.8, median 8.5). A total of
11 (92%) reported using mobile technology at work, including
both personally owned and work-furnished devices. Only 3
(25%) reported using iPad tablets at work. Nurse practitioners
worked on the hospitalist team, while staff physicians rotated
between the nonteaching hospitalist team and inpatient teaching
teams. Patient load was estimated as ranging from an average
of 10 to 15 patients per day.

In the following section, we first present participants’
perceptions of specific tasks that were perceived as frequent,
redundant, and difficult. Next, we describe the workflows that
were perceived to be most impacted by these tasks. Finally, we
present participants’ perceptions of mobile technology and
potential mobile app interventions.

Frequent, Redundant, and Difficult Tasks
Chart reviews, orders, and documentation were identified as
the most frequent, redundant, and difficult tasks.

Chart Reviews
Participants described that chart reviews (re)established the
patient’s trajectory, which included viewing patient history,
recent notes, laboratory results, and vitals. Participants reported
conducting a summary review for every patient throughout the
day to monitor progress, orders, procedures, and test results,
and estimated spending 30 minutes to review the chart of a new
patient. Some participants noted that their initial reviews were
completed at the beginning of the day or before their shift. This
need for on-demand continuity was contrasted with
fragmentation of records in EHRs and the multistep methods
for accessing them. Participants characterized chart review as
redundant because of intermittent updates without notification,
resulting in checking either too little or too often. Information
copied in workrooms and carried to patients could be outdated
upon reaching patients, or effort could be wasted looking for
information that had not yet arrived.

Orders
Participants described writing orders multiple times a day using
computers. Orders included lab tests, consultations, and
prescriptions. The institution currently requires electronic entry
of all orders. Participants described the lack of (bedside)
computers, not necessarily the need for complex thought, was
what made ordering difficult and inefficient. Perception of
ordering was also negatively affected by poor EHR usability.
The organization of orders in the EHR was thought to be
unclear, decreasing the discoverability of specific orders.
Participants gave examples of order forms for similar procedures
that were found in different branches of the menu. This poor
organization of order forms was described as increasing
difficulty by limiting application of knowledge between
orders—finding and writing one type of order did not necessarily
make it easier to find or write other types.

Documentation
Documentation was reported as one of the most labor- and
time-intensive tasks. It included documenting a variety of
information, including histories and physicals, visit notes, daily
note, and discharge summaries. As with chart review,
fragmentation of information in EHRs meant writing notes
frequently, even when new notes were similar to previous notes.
Participants described EHR documentation as a constant process
consuming a considerable portion of the day. Patient load was
estimated as ranging from an average of 10 to 15 patients per
day. With that, participants estimated that documentation time
averaged 30 to 45 minutes per patient. Participants described
documentation as redundant, as they and their trainees were
required to write notes for the same patients.

Table 1 summarizes the contributing work system factors for
each task perceived as frequent, redundant, and difficult with
some illustrative quotes from participants.
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Table 1. Frequent, redundant, and difficult tasks identified by participants and derived contributing work system factors.

Representative quotationContributing work system factor(s)Task

“Ideally, you would like to be able to harvest that infor-
mation in the room with the patient by handheld device
so that if memory fails and patients have questions, you
can use that to help answer their questions. Mostly, I do
that from memory now.”

Chart reviewa • People: Extent of reliance on electronic records varied between
participants

• Environment: Electronic chart was not accessible at bedsides
• Tools/technology: EHRb did not push notifications of important

changes
• Tasks: Patients with more status changes needed more frequent

review
• Organization: Multifactor authentication was required before

every EHR session

“There are multiple clicks to get to different boxes, lots
of pop-ups that you have to go through...the computer
system itself adds considerably to the amount of time
that we take and takes away from our patient care”

Ordersc • People: Preferences varied in when to start and when to submit
orders

• Environment: Electronic ordering was not accessible at bedsides
• Tools/technology: Finding the right order form in the EHR was

difficult
• Tasks: Orders depended on having the most up-to-date patient

information
• Organization: All orders had to be made through the EHR

“I think documentation is by far the thing that takes us
the longest— documentation for sure.”

Documentationd • People: Content of attendings’ notes depended on the content
of their residents’ notes

• Environment: EHR was not accessible at bedsides
• Tools/technology: Authoring notes in the EHR sometimes in-

volved copying forward text from older notes
• Tasks: These were sometimes based on a single encounter, and

other times more longitudinal (eg, discharge summaries)
• Organization: Facility required a series of documentation and

ordering steps before discharge

aChart review: going through patient information and history.
bEHR: electronic health record.
cOrders: services like lab tests and referral.
dDocumentation: summarizing encounters, making or changing care plans, and adding to patient information.

Impact of Tasks: Inefficient and Difficult Hospitalists’
Workflows
Participants characterized admit, discharge, and rounding
workflows as difficult or inefficient.

Intake
The admit workflow was reported to be time-consuming:

It takes 1.5-2 hours to do an admission from start to
finish,...entails chart review, seeing the patient,
putting in orders, reviewing things, and doing the
history and physical.

Difficulty of completing tasks seemingly increased as the
workday progressed. Often, patients’care was distributed across
multiple health care systems. In those cases, admitting was
described as involving retrieving both internal and external
records. At best, external records were retrieved electronically
(eg, from a health information exchange). Otherwise, retrieving
outside records involved making telephone calls and reviewing
scanned records. Some participants relied on residents:

I usually have learners helping take care of some
other tasks but without learners sometimes it
[compiling patients’ histories] just doesn’t happen.

Discharge
Most participants noted efforts to complete discharges by
lunchtime:

...it’s usually like a 4-5 hour process. It’s challenging
to discharge patients in the afternoon, because there’s
just too much to get done. It’s cumbersome...

Due to documentation demands, participants described these
workflows as redundant and time-consuming. Discharges
involved data retrieval that depended on the length of the stay
and much documentation. Several notes needed to be written,
and among those notes, a large amount of information was
duplicated:

...So discharge note, anticipated note, discharge
instruction, discharge summary, medical
reconciliation, pharmacy output...we can clump
together to save time...

These characteristics related to admit and discharge workflows
increased participants’ time in workrooms because access to
their desktops were required to complete notes.

Rounds
Rounding was identified as an inefficient workflow. Participants
reported seeing 10 to 18 patients during rounding. For each
patient, participants documented history and physical notes in
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the EHR. Afterward, they duplicated the text on paper cards to
support rounding. Otherwise, the information was not readily
available. Printouts were wasteful because page counts averaged
6 pages per patient. Unlike computers and the EHR, paper notes
fit in their pockets and were easily accessible for review and
modification:

Bedside computers are not at the bedside. We don’t
really have access to computers that work very well
other than those in our team rooms.

Based on participant interviews, Figure 1 illustrates a snapshot
of the participants’ description of difficult and inefficient
workflows that stem from frequent, redundant, and difficult
tasks.

Figure 1. Snapshot of difficult and inefficient elements in hospitalists’ workflows. Hospitalists start in the charting room and conduct chart reviews
for all patients they will visit. For each patient, hospitalists must duplicate information from the EHR on index cards or printouts to support review at
bedside. After completing cards, hospitalists take all the cards to the ward where patients are located. Hospitalists find the appropriate card for each
patient encounter and update the card with new patient information related to status, orders, and plans. Hospitalists move from one patient to the next,
repeating those steps. After the last patient encounter, hospitalists go back to the charting room to enter the information from the cards into the EHR.
This entire workflow is done multiple times a day. EHR: electronic health record.

Participants’Perspectives on Opportunities for Mobile
App Interventions
Participants expected mobile technology to decrease task
completion time; however, they noted that neither rapid access
nor documentation of information was supported by current
mobile apps. Usability issues were also noted, highlighting the
misalignment between expected and actual functionality. One
participant said:

I had an iPad for a while here when I was in the pain
clinic, but I didn’t use it. I couldn’t do controlled
substances refills on it, and that was all that I ordered
in the pain clinic. So I turned it back in...

As a result, participants expressed that they viewed paper and
their brains as “surrogate mobile devices.” Paper to-do lists

were described as repositories of patient information and task
trackers. Paper was perceived as more reliable than mobile
technology. Alternatively, some participants described heavy
reliance on their memory. As one participant noted, pointing to
his head, “my technology is up here.”

When discussing ideas for mobile technology, participants
prioritized portability, reduction in task time completion and
task completion at bedside (Textbox 1). Three representative
examples of useful mobile apps emerged. First, participants
said a mobile device like an iPad would help patient-provider
communication and entering orders at bedside. Second,
participants described a note-taking app that had sharing features
and stored nurses contact information. Lastly, participants
proposed an app for electronic consents.

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e28783 | p.225https://humanfactors.jmir.org/2022/1/e28783
(page number not for citation purposes)

Savoy et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Textbox 1. Participant quotes describing potential mobile app solutions.

Patient-provider communication

“...instead of telling patients, actually giving them a visual as you are rounding will make them help feel more involved in their own care.”

Team communication

“...[communication] breakdown occurs when we’re calling nurses...if we just had the correct number in the first place, we wouldn’t have to go through
talking to multiple people.”

eConsent

“...when you go buy a coffee and doughnuts, you know how you can just sign on the iPad; having that same setup for consent may work well.”

Discussion

Summary
Provider-EHR interactions in inpatient care have contributed
to increased workflow inefficiencies, reduced time for
provider-patient interactions, and increased cognitive burden
among hospitalists. Our findings provide a better understanding
of the misalignment between hospitalists’needs and expectations
of available mobile technology and evidence of hospitalists’
cognitively intense workflows. In this section, we discuss our
findings and implications for implementation of future mobile
technology interventions for hospitalists.

Influential Contextual Factors
Despite the need for mobile access to patient information,
mobile technology was not widely adopted. Difficult and
inefficient tasks were predominately related to provider-EHR
interactions because access to EHRs was not consistent at
bedside [33]. We associated hospitalists’ unmet needs with one
or more of the following SEIPS factors: tasks, tools and
technology, and environment (location). For example,
participants had to travel across three floors to complete
workflows and clinical tasks that required chart review, patient
encounters, and documentation. These dynamics influenced the
perceived difficulty, frequency, and redundancy among
workflows and clinical tasks. Although mobile technology was
available, usability issues related to existing mobile apps
prevented their use, increasing participants’ reliance on index
cards and printouts. Thus, contextual factors influenced the need
for mobile technology, but misalignments of hospitalists’
expectations and mobile device functionality limited the
adoption and use of existing mobile apps. This finding
demonstrates the critical importance of integrating workflow
analysis into the design process of mobile technology
interventions; the result of this analysis identifies unmet needs
and unintended consequences.

Implications of Cognitive Workload and Burden
The three information-intensive tasks (chart review, ordering,
and documentation) identified as frequent, redundant, and
difficult were prone to an overreliance on hospitalists’ memory,
including working memory [34]. A major contributor to this
overreliance was the lack of mobile technology that supported
chart review or order entry needed at bedside. Classifying tasks
as frequent and redundant were easy for participants. These
tasks were often described as inefficient and sources of
hospitalists’ frustration. Identifying tasks as difficult caused
participants to think of their tasks in a new way. Echoed

throughout our data collection, tasks were not difficult due to
hospitalists’ lack of knowledge or training to identify treatment
plans, make clinical decisions, or perform clinical procedures.
Rather, difficulty was defined and associated with the lack of
support and access to usable technology required to review and
enter information at bedside. According to existing cognition
literature [35-37], these workflow aspects required participants
to change location frequently, which increased the likelihood
of interruptions and limited information recall (ie, cognitive
slips and mistakes). This can be linked to incomplete
documentation, communication breakdowns, and delays in care
alluded to in participant interviews. Paper-based work-arounds
were associated with processing orders and notes together in
one sitting (ie, batch processing), not individually at the time
of each decision. Batch processing has been associated with
delayed team communication, delayed discharges, and shift
limit violations [38]. Although the terms cognitive burden and
mental overload were not specifically mentioned in interviews,
these were clear outcomes for hospitalists based on our analysis.
Cognitive burden can decrease resilience, situation awareness,
and subsequently patient safety [36,39-41].

Potential for Task-Specific Mobile Apps
Hospitalists thought task-specific apps would be most helpful.
Their primary goals were to reduce inefficiencies or difficulties
with orders, discharge, consent, and team communication.
Hospitalists’ focus on individual tasks indicates a need to shift
design goals of mobile apps that focused on granting access to
the entire EHR via consistent user interfaces (eg, mobile version
of EHR desktop interfaces). Participants stressed the need for
task-specific apps that highlighted fast, focused technology
interactions when away from the charting room. The design of
mobile apps should be based on the objective and use of the
paper or cards currently used for hospitalists’mobile workflows,
including quick review and documentation of prioritized patient
information. For example, apps should present customized views
of patient health status or trends. In addition, apps can support
bedside order entry with smart templates that use automation
or dictation to optimize data entry without keyboards. Based
on our findings, mobile apps designed to support the iterative
nature of hospitalists’workflows or rounds by providing a means
to review charts and document at bedside may reduce the need
for batch processing before and after patient encounters. Thus,
current workflows would be streamlined, decreasing
the redundancy and difficulty illustrated in workflows
characterized in our study.

There are several task-specific apps that are being trialed and
should be monitored for success. Since the completion of our
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study, the VA’s Office of Connected Care is working to achieve
greater understanding of provider preferences for mobile
technology and task-specific apps. Providers currently have
access to a variety of task-specific apps for mobile computing
through the VA App Store. For example, the Image Viewing
Solution is an app to access diagnostic-grade images. Annie
App for Clinicians allows providers to assign disease-specific
protocols to their patients. Several other task-specific apps are
in development to meet VA providers’ needs.

Limitations
This workflow analysis was limited by a relatively small sample
in one health care facility. VA is the nation’s largest integrated
health care system. Therefore, participant perspectives of
hospitalists’ workflows and mobile technology may be broadly
relevant to other health care systems. For example, initial
deployment of mobile technology, without a variety of
task-specific clinical apps readily available contributed to the
low adoption of mobile technology [18,19]. By using informal
definitions of frequent, redundant, and difficult, these concepts
may have overlapped to some degree. We did not explore
differences associated with career stage (eg, early, middle, and
late). Our findings demonstrated the influence of contextual

factors; future studies should further explore interactions
between technology use, interruptions, and geographic cohorting
across multiple facilities [35,42-44].

Conclusion
Based on our results, there are opportunities for
mobile technology to decrease the difficulty and increase the
efficiency of hospitalists’ workflows. Mobile technology and
task-specific mobile apps with enhanced usability have the
potential to decrease overreliance on hospitalists’ memory and
fragmentation of clinical tasks across locations that exist with
current health IT and hospital environments. Task-specific apps
that aim to reduce redundancies or excessive administrative
work related to admissions, orders, and discharges were
prioritized by hospitalists. Human factors engineering
approaches are needed to identify hospitalists’ requirements for
mobile technology to address issues with information
management and recall during rounds. Extending beyond
hardware features, a better understanding of direct and
contextual factors of mobile information needs is required to
develop mobile apps that can support hospitalists’ workflows.
This will be influential in initial and sustained adoption of future
mobile technology and apps.
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Abstract

Background: There are many benefits of nursing professionals being able to consult electronic health records (EHRs) at the
point of care. It promotes quality and patient security, communication, continuity of care, and time dedicated to records.

Objective: The aim of this study was to evaluate whether making EHRs available at the point of care with tablets reduces nurses’
time spent on records compared with the current system. The analysis included sociodemographic and qualitative variables, time
spent per patient, and work shift. This time difference can be used for direct patient care.

Methods: A before-after time motion study was carried out in the internal medicine unit. There was a total of 130 observations
of 2 hours to 3 hours in duration of complete patient records that were carried out at the beginning of the nurses' work shifts. We
calculated the time dedicated to measuring vital signs, patient evaluation, and EHR recording. The main variable was time spent
per patient.

Results: The average time spent per patient (total time/patients admitted) was lower with the tablet group (mean 4.22, SD 0.14
minutes) than with the control group (mean 4.66, SD 0.12 minutes); there were statistically significant differences (W=3.20,
P=.001) and a low effect (d=.44) between groups. The tablet group saved an average of 0.44 (SD 0.13) minutes per patient.
Similar results were obtained for the afternoon shift, which saved an average of 0.60 (SD 0.15) minutes per patient (t34=3.82,
P=.01) and high effect (d=.77). However, although there was a mean difference of 0.26 (SD 0.22) minutes per patient for the
night shift, this was not statistically significant (t29=1.16, P=.25). The “nonparticipating” average age was higher (49.57, SD 2.92
years) compared with the “afternoon shift participants” and “night shift participants” (P=.007). “Nonparticipants” of the night
shift had a worse perception of the project.

Conclusions: This investigation determined that, with EHRs at the point of care, the time spent for registration by the nursing
staff decreases, because of reduced movements and avoiding data transcription. It eliminates unnecessary work that does not add
value, and therefore, care is improved. So, we think EHRs at the point of care should be the future or natural method for nursing
to undertake. However, variables that could have a negative effect include age, night shift, and nurses’ perceptions. Therefore,
it is proposed that training in the different work platforms and the participation of nurses are fundamental axes that any institution
should consider before their implementation.

(JMIR Hum Factors 2022;9(1):e30512)   doi:10.2196/30512

KEYWORDS

electronic health records; nursing; computer handheld; equipment and supplies (devices tablets mobile phones, devices and
technologies); workflow
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Introduction

Background
Nurses represent the category with the highest number of
contracted professionals in the health care workforce and
therefore the largest group of users of electronic health records
(EHRs; in the countries where they are implemented) [1-3].
They use them as a primary tool for documenting, synthesizing,
and communicating patient data. Therefore, introducing
electronic devices into different work areas has a great impact
on this group [2].

It is essential that the nurses are involved and committed to
completing EHRs. Their use should be guided by nurses, as it
is common for nursing professionals not to participate in their
development [2,4-7]. EHRs should be usable for nurses and
relevant for their practice [2,8].

Concepts such as usability, utility, efficiency in the context of
the users’ use, and trust in technology are key elements for
nurses to accept this innovation [8]. Therefore, we need to know
the contributions or opportunities that they offer us, as well as
their limitations.

Bibliography authors frequently highlight the opportunity
offered by EHRs for developing new instruments that improve
the quality and efficiency of care, such as standardized care
plans, checklists, and decision support systems. Standardized
care plans also prioritize the need to make the profession visible
by offering results that demonstrate the effectiveness of care
[2,5-7,9-13].

However, some authors state that they can act as a limiting agent
for care, reducing critical thinking, clinical judgment, and basic
nursing skills [5,10,14,15].

Another category that is important for the profession is saving
time and communication. Some authors argue that EHRs
decrease the time spent recording, because they have facilitating
instruments such as copy-and-paste or drop-down menus with
content standardization. They also promote access to
information, thus improving inter- and multidisciplinary
communication and consequently improving continuity of care
[8-10,12,15].

Nevertheless, limiting agents in this category are also of equal
importance. There is a greater volume of data available from
any device, and finding information relevant to health care
practice is not always easy. The user is forced to navigate the
entire system, opening multiple screens; or using different
software, with duplicated information, to obtain an overview
of the patient's condition. The user is also required to enter a
password repeatedly for the different programs, or the software
has poor performance; there is an excess of mandatory
information that needs to be entered; there are frequent
interruptions; computers at the workstations are constantly busy,
unavailable, or shared; or the setup has unfavorable ergonomics
that deter nurses from trying to obtain information during the
person's point of care. All these limiting agents describe a poor
or poorly developed system that can cause interruptions in
workflows in which the nurse has to perform more steps to carry

out a nursing activity than would be necessary. More time spent
on EHRs, time that adds no value, can lead to unnecessary
delays in patient care. Another time-consuming cause that
authors have found is a high percentage of transcription on paper
of patient data, resulting in delays in patient information arriving
to other professionals and increasing the possibility of error.
This is experienced by nurses as work overload, a time limiter,
and a barrier to communication. As a result, disruptions occur
in the workflows, usability, and functionality of the program.
It increases the time to record information and reduces the time
of direct care to the patient [4,5,7,8,10-18].

When the right technology is successfully implemented, it can
increase efficiency, decrease workloads, and provide time to
perform direct care [19-21].

To improve these barriers, authors have proposed developing
portable systems so that EHRs can be completed at the person’s
point of care [13,18].

EHRs at the point of care promote patient quality and safety
[13,19,21-25]. There are portable systems like reading barcodes
for administering medication or to identify patients within the
application as well as systems with early warning scores. These
features increase patient safety. In addition, this system reduces
errors from data transcription and latency time (information is
recorded at the time it is obtained), which results in more
accurate records. Quality is improved, and relying on
remembering information is avoided. It provides accurate,
real-time information, which improves accuracy and therefore
patient safety. Resources that do not make it easy to complete
EHRs at the patient’s bedside make it easier to make errors. For
example, a health care professional cannot know if the biobiotic
prophylaxis inserted by surgical intervention is correct if the
electronic medical history is not registered [13,23-25].

Bedside patient EHRs also promote communication and
continuity of care [8,14,22-26]. The possibility to access
information within the room facilitates communication between
professionals, with the patients, and with their families, making
them part of their health process and thus increasing their
satisfaction and continuity of care [8,14,23-27].

Furthermore, EHRs at the point of care improve workflows.
They decrease travel time and avoid transcription, which save
time as they reduce the time spent recording and increase the
time spent with the patient [25-27].

However, authors have found that nurses themselves have
varying perceptions and opinions about bedside patient EHRs.
They are more satisfied with mobile devices and prefer to use
them for complex patients (because they require a large amount
of information) and to record vital signs and blood products
[14,25].

However, they prefer not to use them in 2 specific situations:
for noncomplicated patients, because their records are simple
(require little data), and to admit the patient, because it takes a
long time (it is better to find a quiet place to do so). Other
reasons include that, while they are recording the information,
they have to answer questions from patients and families
(disrupting concentration), they feel that they are not giving
good patient care (because they are concentrating on the screen),
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and they feel that it does not offer them the opportunity to
disconnect (the post-record gives them time and space for this).
In addition, bibliography authors also argue that documentation
is not a high priority in the nurses’ activities, something that
needs to be done straight away. Professionals do not feel that
documentation affects the timeliness of patient care
[17,24,27,28].

In other words, for nurses, bedside patient EHRs require mental
and technical skills. However, they do not perceive that, if they
do not complete them, it will impair the quality of the care
provided.

The articles consulted refer to a variety of devices, and there is
no consensus on the most appropriate resource for completing
EHRs at the point of care. Evaluating this is complex and is
related to many different factors in each center, such as the
Wi-Fi connection, access, and identification system [22-26].

In the literature consulted, no scientific articles were found in
Spanish states that evaluated the effectiveness of a practical
experience with EHRs at the point of care.

From other information sources, there are 2 examples of
practical experiences implemented in the Spanish state: the
projects at the Hospital Infanta Cristina de Madrid and
Osakidetza Hospital in the Basque Country [29,30].

All of these arguments show that it is important for nurses to
decrease recording and technology time, as it is seen as a
complementary, administrative, and bureaucratic task.

Nurses may perceive introducing technology as an increase in
these bureaucratic tasks and a detriment to direct patient care.
This situation may involve less physical contact with the patient
and more time spent with electronic devices [14].

One of the nurse theories that can help understand this is Dr.
Ray's Theory of Bureaucratic Care, which focuses on nursing
in complex organizations, such as hospitals [31]. He explains
that, if we rely only on administrative theories or on theories
focused solely on the patient-nurse relationship, the organization
will not be able to adapt to new needs. Economic benefits and
competitiveness (bureaucracy) prevail in contemporary
organizations. However, there has been a resurgence of nursing
as an art of science focused on human care (patient-nurse
relationship). The Bureaucratic Care Theory clarifies the
meaning of human care in complex organizations, placing it at
the center as it is an essential part of hospital management.
Human care self-organizes, interrelates, and interconnects with
each of its parts, placing spiritual-ethical care at the center (the
engine that moves the nursing practice) and around it the
bureaucratic factors, such as the educational, physical,
sociocultural, legal, economic, political, and technological
factors [31-33].

It is necessary to take into account all these arguments and
reflections when implementing any changes to EHRs. We
believe that completing EHRs at the point of care with tablets
can meet nurses’ needs and expectations. It can strike a balance
between nurses’ need to provide direct patient care and the
requirement to complete EHRs, and thus improve and facilitate
care.

General Objective
The aim of this study was to evaluate whether completing EHRs
at the point of care with tablets reduces nurses’ time spent on
records compared with the current system. This time difference
can be used for direct patient care.

Specific Objectives
The first specific objective was to describe the
sociodemographic variables (age and gender) of the nursing
professionals in internal medicine units participating in the
study, depending on the shift and the initial and final perceptions
of the project.

The second was to describe and evaluate the sociodemographic
variables (age and gender), shift, exclusion criteria, and initial
and final perceptions of nurses working in internal medicine
units who were not able to participate in the study.

The third was to compare the difference between the age groups
of participants and those not participating in the study.

The fourth was to assess whether the implementation of this
new record system decreases the time spent on patients
compared with the current system and depending on the shift.

The results of this study were used to inform the impact of tablet
use on workflows and to detect improvements to facilitate
patient bedside registration.

Methods

Overview
A before-after single time motion study was conducted for 3
months (February 2017 to April 2017) in the internal medicine
units of a regional hospital. A time and motion study is a
quantitative data collection method in which the observer
records the time and actions and movements of the participants.
This type of study is often used for computer applications
[34,35].

A total of 310 hours of observation and 130 observations of
complete patient records were performed. Each observation
could last between 2 hours and 3 hours and were carried out in
the afternoon hours of 3:00 PM and 5:30 PM and during the
night, from 10:00 PM to 1:00 AM (at the beginning of the
nurses’ work shifts).

No sampling technique was applied. The sampling was of all
the nurses working in the medical unit who met the inclusion
criteria. A representative sample of all regional hospital nurses
was ruled out because the working conditions did not allow a
larger sample to be monitored. We therefore decided to focus
on a single unit that would make research feasible in terms of
time and resources. As the sample size was small, we decided
to establish a minimum amount of observations for each
participant in the control and experimental groups. The
significance level was .05, and the beta risk was less than .2 in
a bilateral contrast. The common standard deviation was 1.96,
and therefore, the size would be 15 observations per control
group and 15 observations for the experimental group to detect
a difference ≥1.5 units, estimating a monitoring loss rate of
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10%. These data were obtained with a sample size calculator
[36].

Following these calculations, we decided to perform a minimum
of 10 observations for each nurse, 5 for the control condition
(current system) and 5 for the experimental condition (using
the tablet). A total of 23 professionals could participate in this
study for 3 months, as they were the only ones who had the
minimum dedicated time to be able to be observed continuously;
however, considering the inclusion criteria, there were 13
individuals who could participate satisfactorily. Each person
could only be in 1 group.

The control group used a computer on wheels (current system),
and the experimental group used the tablet.

The tools for gathering information were 2 ad hoc databases
with the study variables.

Inclusion Criteria
The inclusion criteria were as follows. The nurse was hired and
worked in a stable job. A minimum of 10 observations could
be made within 3 months, as this would facilitate the adaptation
and learning curve in the experimental phase. The nurse carried
out care activities in internal medicine units. This is because it
is a robust unit, in which the occupancy rate is more stable and
the average hospital stay is greater than 3 days. The nurse works
the afternoon or night shift; the night shifts are longer than the
other shifts because the staffing and distribution of activities
are different [37]. The nurse volunteered to participate in the
study. The nurse had a certain level of competence according
to Benner’s skills acquisition model [38]: It is necessary that
the nurse has worked more than 3 years in the hospital, because
in this time, they can learn the functioning of the hospital and
the EHRs as well as the protocols and procedures of the center
[38]. The nurse can use information and communication
technologies (ICT) [28].

Demographic and Descriptive Variables
The variables age, sex, perception, and work shift of the
participants and nonparticipants in the study were analyzed.
The participants were those who were able to use the tablets
according to the inclusion criteria: a total of 13. The
nonparticipants were those who did not use the tablets: a total
of 10.

Perception was measured by asking the professionals, at the
beginning and at the end of the project, what their perception
was: positive, neutral, negative.

There were 2 options for the shift variable (afternoon and night),
according to the most common work shift of that nurse.

The exclusion criteria (only for nonparticipants) were measured
using 5 items (sick leave, change of service, experience <3
years, does not accept, cannot use ICT).

Principal Variables
The number of patients admitted was the total number of patients
who were hospitalized at the time of observation. Although the
medical unit has 14 beds available per nurse, only actual
occupancy was measured.

The total time was the result of the sum of the ”round“ time and
time to record the data in the EHR. A ”round“ time was defined
as the routine established at the beginning of the afternoon and
evening shifts when vital constants are taken, the nurse activities
are standardized, and an overall assessment is made of the
patients. There is no such routine in the morning.

The time spent per patient was obtained by dividing the total
time by the number of patients admitted. In addition, it was
identified as the main variable of the study, because it is more
standardized.

Control Variables
The following exceptional situations were defined: exitus, vital
emergency, hospital discharge. In these cases, observations were
discarded.

Justification of Variables
The selection of variables was justified by a study conducted
at a Toronto hospital that measured the time nurses spent
completing EHRs. The variables studied were the total time,
time spent per patient, and number of patients admitted. This
study compared paper records versus electronic records [18].

Two studies have used the variables sex, age, nationality, and
experience related to positive perception of EHRs [10,39].

A previous study ruled out observations in case of emergency
or illness [22].

The rest of the variables were chosen to adapt the research to
the study field, to the practical and real situation of the work
units.

Data Analysis
Statistical analysis was carried out with SPSS 17.00 (IBM Corp,
Armonk, NY), and a significance level of P<.05 was applied.
For categorical variables, a frequency calculation and
contingency table were performed using likelihood ratio analysis
(n<60). For the quantitative variables, for each of the groups,
the Shapiro-Wilk normality test (n<30) was performed. The
mean, SD, and variance were analyzed using an analysis of
variance (ANOVA), and 2-factor averages for samples (control
and experimental groups) were contrasted using the Student t
test (Wilcoxon test when the sample was not normal). Following
this analysis, when the results showed differences in averages
between groups, Cohen d was applied to measure the distance
or effect between the groups [40].

Ethics Approval
This paper is part of the research for a doctoral thesis, with a
favorable report from the Bellvitge Clinical Research Ethics
Committee (reference PR191/16). To respect the privacy and
confidentiality of the informants, the databases only worked
with their coded names. Participants provided their verbal and
written consent. Each participant was informed about the
purpose of the study, the voluntariness to participate, and the
right to leave at any time.
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Results

Demographics and Qualitative Results
Of the 23 professionals stably working in the internal medicine
unit, 13 (56%) were able to participate in the study, and 10
(43%) could not.

As we can see in Table 1, most nurses participating in the study
were women (11/13, 84%) versus men (2/13, 15%). The average
age was 38.08 (SD 1.40) years. The 2 groups were homogeneous
in the variables studied; there were no statistically significant
differences in age between sexes and shifts (sex Leven P=.04;
Mann Whitney P=.37; shift Leven P=-.02; Mann Whitney
P=.10).

Table 1. Demographics and qualitative results from participants and nonparticipants.

Nonparticipants (n=10), n (%)Participants (n=13), n (%)Variables

Sex

1 (10)2 (15)Male

9 (90)11 (84)Female

Age (years)

2 (20)0 (0)<26

1 (10)1 (7)26-30

0 (0)3 (23)31-35

1 (10)4 (30)36-40

2 (20)5 (38)41-45

1 (10)0 (0)46-50

3 (30)0 (0)>50

Initial perception

6 (60)6 (46)Positive

3 (30)4 (30)Negative

1 (10)3 (23)Neutral

Final perception

N/Aa9 (69)Positive

N/A1 (7)Negative

N/A3 (23)Neutral

Shift

5 (50)7 (53)Afternoon

5 (50)6 (46)Night

Exclusion criteria

2 (20)N/AWork leave

1 (10)N/AChange from the unit

3 (30)N/AExperience <3 years

2 (20)N/ANo accept

2 (20)N/ANo ICTb basic level

aN/A: not applicable.
bICT: information and communication technologies.

The initial and final perceptions about the project after
participating in the project did not vary statistically by shift or
age variables. However, in the group of only women (n=11),
the results varied because the women's final perceptions
improved after they participated in the study. An initial positive
perception was present for 45% (5/11), and 63% (7/11) had a
final positive perception, with significant differences

(verisimilitude ratio P=.03) with a substantial Cramer coefficient
(v=.65).

Also, most nonparticipating nurses were women (9/10, 90%)
versus men (1/10, 10%). The average age was 42 (SD 4.3) years.
Table 1 details the variables for initial perception, shift, and
exclusion criteria.
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If we look at the relationship of these variables with the initial
perception toward the project, we could see that there is
homogeneity with age and that the relationship with the
exclusion criteria could not be established because the data were
not robust. However, a statistically significant relationship was
obtained with the shift variable (verisimilitude ratio P=.04), and
80% (4/5) of the nonparticipants in the afternoon shift had a
positive perception of the project, which was better than the
perception of the night shift (2/5, 40%); this difference had a
very strong coefficient of association (Cramer v, P=.97). After
the study had been explained, nonparticipating subjects in the
night shift had a worse perception or acceptance.

As shown in Multimedia Appendix 1 and Multimedia Appendix
2, statistically significant differences in age were evident
between the group of nonparticipants (excluding the group with
experience <3 years) and the group with the afternoon shift and
night shift participants. The ”nonparticipating“ average age was
49.57 (SD 2.92) years compared with the average ages of 37.71
(SD 2.33) years for the “afternoon shift participants” and 38.50

(SD 1.60) years for the “night shift participants” (Tukey
afternoon P=.007; Tukey night P=.01).

Principal Findings
The quantitative variables were used to measure and compare
the times required to carry out the “round” and EHRs between
the control group (current system) and the experimental group
(tablet).

Of the total sample, the mean total time obtained for the control
group was 55.44 (SD 2.11) minutes, and there was an average
11.77 (SD 0.25) patients admitted. For the tablet group, the
average total time was 48.30 (SD 2.24) minutes, and there was
an average 11.37 (SD 0.28) patients admitted.

Comparing the time spent per patient (the main variable of the
study), it was evident that the average time spent per patient
was lower with the tablet group mean 4.22, SD 0.14 minutes)
than with the control group (mean 4.66, SD 0.12 minutes); there
was a statistically significant difference (W=3.20; P=.001) and
a low effect (d=.44) between groups (Table 2).

Table 2. Comparison of the average time spent per patient for the entire sample.

ComparisonsTabletControlVariable

Cohen dP valueW testbMean difference (SD)SWMean (SD)SWaMean (SD)

.44.001–3.200.44 (0.13).0064.22 (0.14).074.66 (0.12)Time spent per

patient (minutes)

aShapiro Wilk P<.05.
bWilcoxon.

However, if we focused on analyzing these variables while
taking into account the shift, the results brought a nuance or
specificity to these more general data. The mean number of
patients admitted was homogeneous and similar in the control
(12.63, SD 0.22 patients) and tablet (12.50, SD 0.39 patients)
groups. There were no statistically significant differences in
their distribution (W afternoon P=.22; W night P=.96).

The average total afternoon shift times were 44.83 (SD 2.21)
minutes for the control group and 35.48 (SD 1.17) minutes for
the tablet group. The control group's night shift lasted 67.83
(SD 2.22) minutes, and the tablet group’s night shift lasted 63.27
(SD 2.78) minutes. The comparison of the average factor for
related samples showed that there were significant differences
in the afternoon shift (t34= 4.07, P<.001), with a high effect

between groups (d=.93), but not in the night shift (t29=1.29,
P=.20).

In the afternoon shift for the control group, the average times
spent per patient were 4.07 (SD 0.13) minutes in the control
group and 3.47 (SD 0.10) minutes in the tablet group. In the
night shift, the control group spent an average 5.36 (SD 0.13)
minutes, and the tablet group spent an average 5.09 (SD 0.19)
minutes. Comparison of the average factor for related samples
showed that, in the afternoon shift, the mean time spent per
patient was lower with the tablet group, with a statistically
significant difference (t34=3.82, P=.01), and there was a high
effect (d=.77) between groups. However, the same results were
not obtained in the night shift (t29=1.16, P=.25; Table 3 and
Table 4).
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Table 3. Average comparisons of total time, number of patients admitted, and time spent per patient for the afternoon shift.

Average comparisonTabletControlVariable

Cohen dP valueTestMean difference (SD)SWMean (SD)SWaMean (SD)

.93.0014.07b9.37 (2.30).4735.48 (1.17).05544.83 (2.21)Total time (minutes)

—d.22–1.20c.62 (0.49).2410.40 (0.33).0311.03 (0.38)Number of patients
admitted

.77.013.82b.60 (0.15).253.47 (.10).214.07 (.13)Time spent per

patient (minutes)

aShapiro Wilk P<.05.
bStudent t test.
cWilcoxon.
dNot calculated.

Table 4. Average comparisons of total time, number of patients admitted, and time spent per patient for the night shift.

Average comparisonTabletControlVariable

P valueTestMean difference (SD)SWMean (SD)SWaMean (SD)

.201.29b4.56 (3.52).8563.27 (2.78).3867.83 (2.22)Total time (minutes)

.96–.04c0.13 (0.49).0012.50 (0.39).0112.63 (0.22)Number of patients

admitted

.251.16b0.26 (0.22).375.09 (0.19).165.36 (0.13)Time spent per patient
(minutes)

aShapiro Wilk P<.05.
bStudent t.
cWilcoxon

Discussion

Principal Findings
The results confirm the overall objective of this study:
Completing EHRs at the bedside with tablets reduces nurses’
time spent recording compared with the current system in which
nurses use a computer on wheels. This difference is due to
improved workflows, as bedside EHR completion with a tablet
avoids unnecessary travel, facilitates access to information, and
avoids duplicating the work involved in data transcription. The
same results were obtained for the afternoon shift but not for
the night shift. Therefore, this registration system can meet the
expectations of nurses and produce a positive impact on work
dynamics since it covers 2 important needs for these
professionals: saving time on bureaucratic tasks and having
more time for care.

However, the perceptions of the participants and nonparticipants
in the study did not always coincide with this premise. There
was no initial broadly positive perception of this registration
system. The nonparticipants were older than the participants,
and of these, nonparticipants on the night shift had a worse
perception toward the project.

Comparison With Prior Work
The literature consulted shows conflicting results regarding
whether electronic records reduce the time spent on records by
citing numerous benefits and limiting agents. However, there

is consensus on the concept for time: For nurses, time is an
important and present concept. During their working day, they
carry out numerous activities, always keeping in mind the way
of organizing these so they can do them all in their work shift.
Nursing is a pragmatic profession, in which an activity has to
have a certain result. However, it is also a profession involving
contact and a relationship with the patient through providing
care, which is the main axis and motivation of their profession.
Therefore, saving time in bureaucratic activities, to have more
time for human care, is a constant concern [2,4,7-15,33,34,37].

There are other similar studies that investigated the impact of
EHRs in workflows. They argue that, even though EHRs have
been implemented, paper and subsequent transcription of
information are still used. There is unanimity in saying that
these practices are not advisable but differ in the problems they
can cause, such as increasing latency and transcription errors
[18,19] and duplication of work process [41].

Other authors who have published articles related to EHRs at
the point of care have reached similar conclusions. It takes less
time to enter the records because there is no need to move to a
different place to enter the record, and work is halved because
there is no need to enter handwritten records in the computer
[20,22-24].

It is difficult to make comparisons between this study and other
similar studies in which the time spent on EHRs at the point of
care was calculated and demonstrated that technology can reduce
time in registration or administrative tasks by nurses [19,20]
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due to the use of different research methods, variables, and
resources. In the first article [19], the authors found a 30%
reduction in time spent on records. The second [20] article
obtained an increase of 6% in time devoted to direct care and
a reduction of 12% time in administrative tasks. In this
investigation, time saved using the tablets was 0.44 (SD 0.13)
minutes; for the afternoon shift, it was 0.60 (SD 0.15) minutes.
In the investigation by Wong et al [19], differences between
hospitalization units and the night shift were not considered due
to the observations occurring from 9 AM to 5 PM. In our
investigation, we found differences between shifts. In 2 other
studies [19,20], they compared paper versus EHRs at the point
of care, and in our study, we compared EHRs that were not
performed next to the patient versus EHRs at the point of care.

In the literature that we consulted, 3 studies studied the
relationship between sociodemographic variables and the impact
and acceptance by nurses of information systems. However,
they were studied to achieve different objectives and with
different results, but similar conclusions could be reached. One
study found consistent data related to previous experience in
the use of computers with more favorable attitudes toward EHRs
[10]. Another investigation revealed that performance
expectancy and social influence were significant predictors of
nursing information system usage intentions and suggested that
nursing managers should promote usage [39]. The third research
study obtained more negative results and claimed that the use
of mobile devices intensifies the negative effects of usability
problems related to EHRs, and they suggested different actions
related to improving the usability and interface of the
applications. Moreover, they referred to the relationship that
the nurse's experience has with pressure and distress [1].
According to our results, the initial perception of the nurses was
not unanimously positive, and the findings related a worst
perception with age and the night shift. We do not know if age
may be related to inexperience in the use of ICT, the interface,
or fear of change or the unknown. Moreover, it was not possible
to determine the factors related to the shift.

In order to improve acceptance, we agree with other authors
[1,3,10,39], that nursing management should promote bedside
EHRs and explain their benefits but should also offer continuing
education courses and sufficient training in information systems
to all nurses. Resources should be invested to improve the
interface through the participation of nurses in its development.

Study Limitations
The time the researchers dedicated to the study was limited
because it was carried out outside of working hours, there were
few resources available to carry out the research (one tablet),
and there were huge difficulties in making 10 observations with
the same participant. For these reasons, there are limitations in

terms of sample size and nonprobabilistic sampling type. To
ensure external validity, this research could be repeated with a
larger sample and random sampling in the future.

However, no greater control was taken over the confusion
variables that could cause the results to vary. This would
improve internal validity.

Finally, the number of nursing activities recorded per patient
(eg, vital constants, pain, catheter, oxygen therapy, health
education, scales) was not quantified at the time of observations.
This was to avoid the effect of the observer and to promote
informal acceptance of the study by the participants. The cost
benefit of implementing these measures would have to be
assessed for future studies.

Conclusions
This investigation allows us to know the impact EHRs at the
point of care can have on workflows.

First, our findings determined that, with bedside EHRs, the time
spent in registration by the nursing staff decreases, because of
reduced movements and elimination of data transcription.
Because EHR completion at the bedside eliminates unnecessary
work that does not add value, care is improved. So, we think
EHRs at the point of care should be the future or natural method
for nursing to undertake.

On the other hand, our study explored sociodemographic and
qualitative variables associated with this new registration
system. It allows us to identify the factors that can make people
reluctant to participate in a technological project, and we
performed actions aimed at solving them in order to anticipate
the possible obstacles. Otherwise, we could make statements
that are wrong or biased and do not correspond with reality nor
solve the problem. However, more studies with a larger sample
would be needed to improve the validity of these results. It is
proposed that training in the different work platforms and the
participation of nurses are fundamental axes that any institution
should consider.

This research is the result of the preparation of a doctoral thesis,
and these findings will be triangulated in the second part when
a qualitative phenomenological study is conducted on the
experience and perceptions of nurses with EHRs at the point of
care.

Taking into account that the subject of this research is quite
unknown, especially in the Spanish territory; daily use of
technology is part of our society; and nurses are the capital of
hospital work templates, it is imperative to go in-depth in similar
studies to provide more information and allow us to develop
systems that promote patient care.
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Abstract

Background: Behavioral economics–based techniques have been an increasingly utilized method in health care to influence
behavior change by modifying language in patient communication (through choice architecture and the framing of words). Patient
portals are a key tool for facilitating patient engagement in their health, and interventions deployed via patient portals have been
effective in improving utilization of preventive health services.

Objective: We examined the impacts of behavioral economics–based nudge health maintenance reminders on appointment
scheduling through a patient portal and appointment completion for 2 preventive services: Medicare wellness visits and Pap
smear.

Methods: We conducted a retrospective observational study using electronic health record data from an integrated health care
system in Northern California. Nudge health maintenance reminders with behavioral economics–based language were implemented
for all sites in November 2017 for Medicare wellness visits and for selected sites in February 2018 for Pap smears. We analyzed
125,369 health maintenance reminders for Medicare wellness visits, and 585,358 health maintenance reminders for Pap smear
sent between January 2017 and February 2020. The primary outcomes were rate of appointments scheduled through the patient
portal and appointment completion rate. We compared the outcomes between those who received the new, behavioral
economics–based health maintenance reminders (the nudge group) and those who received the original, standard health maintenance
reminders (the control group). We used segmented regression with interrupted time series to assess the immediate and gradual
effect of the nudge for Medicare wellness visits, and we used logistic regression to assess the association of nudge health
maintenance reminders, adjusting for the propensity to receive a nudge health maintenance reminder, for Pap smear.

Results: The rates of appointments scheduled through the patient portal were higher for nudge health maintenance reminder
recipients than those for control health maintenance reminder recipients (Medicare wellness visits—nudge: 12,537/96,839, 13.0%;
control: 2,769/28,530, 9.7%, P<.001; Pap smear—nudge: 8,239/287,149, 2.9%; control: 1,868/120,047, 1.6%; P<.001). Rates
of appointment completion were higher for nudge health maintenance reminders for Pap smear (nudge: 67,399/287,149, 23.5%
control: 20,393/120,047, 17.0%; P<.001) but were comparable for Medicare wellness visits (nudge: 49,835/96,839, 51.5% control:
14,781/28,530, 51.8%; P=.30). There was a marginally gradual effect of nudge on number of appointments scheduled through
the patient portal for the overall Medicare wellness visits sample (at a monthly rate of 0.26%, P=.09), and a significant gradual
effect among scheduled appointments (at a monthly rate of 0.46%, P=.04). For Pap smear, nudge health maintenance reminders
were positively associated with number of appointments scheduled through the patient portal (overall sample: propensity adjusted
odds ratio [OR] 1.62; 95% CI 1.50-1.74; among scheduled appointments: propensity adjusted OR 1.61, 95% CI 1.47-1.76) and
with appointment completion (propensity adjusted OR 1.07; 1.04-1.10).
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Conclusions: Nudges, a behavioral economics–based approach to providing health maintenance reminders, increased the number
of appointments scheduled through the patient portal for Medicare wellness visits and Pap smear. Our study demonstrates that a
simple approach—framing and modifying language in an electronic message—can have a significant and long-term impact on
patient engagement and access to care.

(JMIR Hum Factors 2022;9(1):e34090)   doi:10.2196/34090

KEYWORDS

access to care; behavioral economics; online; web-based appointment scheduling; health service; behavior; health care

Introduction

Health care has become more directly accessible to the patient,
in part due to the Health Information Technology for Economic
and Clinical Health Act of 2009 [1], and also, as a result of
increasing consumer demands [2].When first introduced, patient
portals provided patients with limited access to their medical
records and adoption was low [3]. In part to meet meaningful
use requirements of the Health Information Technology for
Economic and Clinical Health Act, web-based electronic health
record portal capabilities have expanded to appointment
scheduling, displaying lab results or viewing encounter notes
written by their physician [4], allowing bills payments, and
facilitating communication with care teams, costs estimates for
ambulatory services [5], and access to family records. Patient
access rates to web-based patient portals have increased to 90%
in some organizations [6]. Yet, access alone can only go so far
in engaging patients with patient portals. Message construction
and delivery also influence patient utilization of patient portals
[7].

In the field of behavioral economics, researchers recognize that
humans do not always act logically [8] in making choices and
provide tools to help influence desired behaviors. One strategy
includes choice architecture interventions, in which the
presentation of options are altered to improve decision-making
without restricting choice [9]. Subtle design changes, such as
reordering choices, limiting options, or modifying a default can
significantly influence behavior. When applying these tools and
others, choice architects operate with a key tenet in mind: reduce
friction in decision-making to make the desired path the one of
least resistance [8,10]. In addition to the choice environment,
behavioral economists also know that the framing of words can
nudge individuals in a given direction of action [9]. For instance,
messages that use common language [11], harness aversion to
loss and regret [11,12], or embed social elements and devices
[11-13] into their core are likely to be very effective at driving
behavior change [11-13].

Over the past decade, these tenets of behavioral economics have
been increasingly utilized in health care for both patients (cancer
screenings [14], hospital appointment no-show rates [7],
medication adherence for behavioral health [15], HIV testing
rates [16], obesity and binge eating [17]) and clinicians
(prescribing behavior [18,19], overtreatment of diabetes [20]),
with 83 publications in the top 3 highest impact general
medicine journals (Journal of the American Medical
Association, The Lancet, The New England Journal of
Medicine) from 1998 to 2018 [21]. A systematic review [22]
found patient portal interventions to be effective in improving

a few psychological outcomes, medication adherence, and
preventive service use. Yet, to the best of our knowledge,
behavioral economics has not been applied to health
maintenance reminders sent through web-based patient portals
to improve patient engagement and increase preventive service
use for annual Medicare wellness visits and Pap smear. General
use of the Medicare wellness visits has increased over time [23],
with 7% [24] to 8.1% [25] of Medicare beneficiaries receiving
an annual wellness visit in 2011 increasing to 16% in 2014 [24]
and 23% in 2016 [25]. Although rates for Pap smear are much
higher, with 83.7% of women age 21 to 65 years reporting
having one within the past 3 years in 2018 [26], there is still
room for improvement. Our objective was to determine if small
changes in the wording of health maintenance reminders could
alter patient completion of these preventive health services.

Methods

Setting
Sutter Health is a large not-for-profit health care system serving
more than 3 million people annually across 100 rural and urban
communities in Northern California. Sutter Health was the first
health care system in the United States to implement Epic
System’s MyChart patient portal (My Health Online) in 2001
[27,28]. As of 2020, there have been over 3 million patients
enrolled in My Health Online, which can be accessed via the
website or through the mobile app, to communicate with their
care team, refill prescriptions, view lab results, pay bills, and
schedule appointments (including video visits).

Pilot Testing: Behavioral Economics–Based Email
Messaging
In September 2017, we conducted pilot testing to assess the
application and effectiveness of behavioral economics–driven
language in encouraging patients to schedule appointments
using the patient portal with the 2 largest of the 5 Sutter Health
medical foundations (Palo Alto Medical Foundation and Sutter
Medical Foundation) in the Sacramento Valley. There were
775,000 Palo Alto Medical Foundation patients enrolled in My
Health Online with 222,000 unique log-ins in September 2017
and 41,000 appointments scheduled through the patient portal.
There were 436,000 Sutter Medical Foundation patients enrolled
in My Health Online, with 103,000 unique log-ins in September
2017 and 13,000 appointments scheduled through the patient
portal. We selected 2 sites to demonstrate that nudge health
maintenance reminder could be useful for more than one patient
population. This also allowed us to understand potential
confounders and variables before scaling across the organization.
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The pilot consisted of testing of 2 message options, followed
by the roll-out of the message for which the most patients
scheduled appointments through the patient portal. We tested
2 themes—curiosity (email A) and exclusivity (email B)—in
patient messaging (Figure 1). We selected these themes based
on guidance from behavioral economics experts at VAL Health
based upon their previous experiences [29-31]. Among 550,000
My Health Online members from Palo Alto Medical Foundation
and Sutter Medical Foundation who had never scheduled
appointments through the patient portal, 3800 patients were
randomized to receive the promotional emails. More patients,
of both Sutter Medical Foundation and Palo Alto Medical

Foundation, scheduled appointments through the patient portal
after receiving email B, thus email B was selected for use in
the next phase.

Email B was sent to the remaining Palo Alto Medical
Foundation and Sutter Medical Foundation members who had
never scheduled appointments through the portal (n=550,000)
on November 10, 2017. We included a control group of 10%
of Palo Alto Medical Foundation and Sutter Medical Foundation
My Health Online users to see if there was any difference in
rates of appointments scheduled through the patient portal
compared to those for individuals who received nudge emails.

Figure 1. Themes of pilot behavioral economics–based email messages.

Application to Health Maintenance Reminders
The same behavioral economics concept was subsequently
applied to health maintenance reminder messages in the patient
portal. Nudge message wording was redesigned to use the
exclusivity theme, with embedded functionality to click to
schedule appointments through the patient portal for Medicare
wellness visits and Pap smear (Figure 2). We selected Medicare
wellness visits because it was already part of an active initiative
at Sutter Health to increase utilization and we hoped that this
type of message would better connect with patients who were
eligible for Medicare wellness visits. We selected Pap smear
so that we could examine how scheduling functions may impact

screening completion and disease prevention. Nudge health
maintenance reminders for Medicare wellness visits were
implemented for all 5 Sutter medical foundations on November
15, 2017 (Figure 3). Nudge health maintenance reminders for
Pap smear were launched on February 18, 2018; patients at Palo
Alto Medical Foundation and Sutter Medical Foundation
received nudge health maintenance reminders, while patients
at the other 3 Sutter medical foundations continued to receive
standard health maintenance reminders (control). Health
maintenance reminders for Medicare wellness visits and Pap
smear were discontinued during the COVID-19 pandemic;
therefore, we analyzed utilization between January 2017 and
February 2020.
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Figure 2. Standard (control) and behavioral economics–based (nudge) health maintenance reminders.

Figure 3. Study design. HMR: health maintenance reminder; MWV: Medicare wellness visit.
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Statistical Analysis

Study Sample
For this retrospective, observational study with electronic health
record data, we identified 125,369 Medicare wellness visit health
maintenance reminders sent to 43,889 unique patients who were
65 years and older between January 1, 2017 and February 28,
2020, and we identified 585,358 health maintenance reminders
for Pap smear sent to 288,152 unique patients who were 21
years and older during the same study period.

Measures and Statistical Approach
The primary outcomes were rates of appointments scheduled
through the patient portal and completed. The predictor of
interest in all analyses was the receipt of nudge health
maintenance reminder. The 2-tailed t test was used to examine
differences in the unadjusted proportions of appointments
scheduled through the patient portal and appointment completion
between the nudge and control groups. We also conducted a
subgroup analysis focusing on patterns of proportion of
appointments scheduled through the patient portal among
scheduled appointments.

For Medicare wellness visits, we used segmented regression
with interrupted time series analysis to assess the immediate
and gradual impact of the nudge intervention on study outcomes.
The advantage of this analytic approach is its ability to
distinguish the intervention effect from the secular trend (ie, a
trend change that would have happened even in the absence of
the intervention). The unit of analysis was the month. Study
outcomes were measured in a given month: percentage of
appointments scheduled through the patient portal (number of
health maintenance reminders leading to appointment scheduled
online / total number of health maintenance reminders) and
percentage of appointment completion (number of health
maintenance reminders with appointment completed / total
number of health maintenance reminders).

For Pap smear, after initial launch of nudge health maintenance
reminders, there remained a mix of nudge and control health
maintenance reminders between February 2018 and February
2020. We used logistic regression models to assess the
association of nudge health maintenance reminders with study
outcomes, adjusting for the propensity to receive a nudge health
maintenance reminder and accounting for clustering within the
patients. The unit of analysis was the health maintenance
reminder. The outcomes were use of the patient portal to
schedule an appointment (yes or no) and completion of the
appointment (yes or no). The propensity score method was
chosen to control for potential selection bias and confounding
by factors associated with the intervention and the study
outcomes [32,33]. We estimated the propensity to receive a
nudge health maintenance reminder as a function of patient
demographic characteristics (age and race/ethnicity: White,

Black, Hispanic, Asian, other), Charlson comorbidity score at
baseline, health care utilization (number of health care
encounters including in-person visit, video visits, My Health
Online messages, and telephone calls) in the 12 months prior
to baseline, insurance type (preferred provider organization or
fee-for-service, health maintenance organization, Medicare,
Medicaid, other), and their primary care physician’s service
location. Baseline was defined as the date of the first health
maintenance reminder that the patient received during the
analysis timeframe. Linear and categorical specifications of the
propensity score were evaluated to ensure the robustness of the
results. Analyses were conducted in R (version 4.0.4; The R
Project) and Stata (version 16.1; StataCorp LLC).

Ethics
The study was reviewed by the Sutter Health Institutional
Review Board (SHIRB) and approved as a quality improvement
study (IORG0004135).

Results

Sample Characteristics
Of 125,369 health maintenance reminders sent for Medicare
wellness visits, 77% (96,839) were nudge health maintenance
reminders (ie, using behavioral economics–based language).
Of 125,369 Medicare wellness visits health maintenance
reminder portal messages sent, 60.2% (75,407) led to an
appointment being scheduled, with 12.2% (15,342) scheduled
through the patient portal, and 51.5% (64,616) appointments
completed. Of 585,358 health maintenance reminders sent for
Pap smear, 49.1% (287,149) were nudge health maintenance
reminders. Of 585,358 Pap smear health maintenance reminder
portal messages sent, 21.9% (128,329) led to appointment being
scheduled, 2.3% (13,259) scheduled through the patient portal,
and 21.9% (128,255) appointments completed (Table 1).

Of 43,889 patients (age: mean 75 years, SD 7.2) included in the
Medicare wellness visit analysis, 60.7% (26,662/43,889) were
women. Approximately two-thirds (33,837/43,889, 77.1%) were
White, and 41% (18,175/43,889) had no comorbid conditions.
The mean number of encounters in the 12 months prior to the
baseline date was 22 (SD 20.6). Of 288,152 women (age: mean
41 years, SD 12.8) included in the Pap smear analysis, there
were diverse racial/ethnic groups (White: 141,426/288,152,
49.1%; Black: 8919/288,152, 3.1%; Hispanic: 37,398/288,152,
13.0%; Asian: 59,225/288,152, 20.6%; other: 41,184/288,152,
14.3%); 89% (255,796/288,152) had no comorbid conditions.
The mean number of encounters in the 12 months prior to
baseline was 7 (SD 12.0); 45.9% (132,151/288,152) had
coverage through preferred provider organization or
fee-for-service plans, and 14.4% (41,618/288,152) had coverage
through health maintenance organization plans (Table 2).
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Table 1. Health maintenance reminders sent and outcomes.

Pap smear (n=585,358), n (%)Medicare wellness visits (n=125,369), n (%)Health maintenance reminder

Type

287,149 (49.1)96,839 (77.2)Nudge

298,209 (50.9)28,530 (22.8)Control

Appointment scheduled

457,029 (78.1)49,962 (39.8)No

128,329 (21.9)75,407 (60.2)Yes

Scheduled through patient portal

13,259 (2.3)15,342 (12.2)Yes

572,099 (97.7)110,027 (87.8)No

Appointment completed

128,255 (21.9)64,616 (51.5)Yes

457,103 (78.1)60,753 (48.5)No
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Table 2. Sample characteristics.

Pap smear (n=288,152), n (%)Medicare wellness visits (n=43,889), n (%)Characteristic

40.9 (12.8)75.3 (7.2)Age (years), mean (SD)

Gender, n (%)

0 (0)17,267 (39.3)Male

288,152 (100)26,622 (60.7)Female (%)

Race/ethnicity, n (%)

141,426 (49.1)33,837 (77.1)White

8919 (3.1)1121 (2.6)Black

37,398 (13.0)2947 (6.7)Hispanic

59,225 (20.6)3476 (7.9)Asian

1639 (0.6)198 (0.4)American Indian or Alaska Native/Pacific Islander or Native
Hawaiian

5819 (2.0)347 (0.8)Multirace

33,726 (11.7)1963 (4.5)Unknown

Comorbidity score at baseline, n (%)

255,796 (88.8)18,175 (41.4)0

22,167 (7.7)8462 (19.3)1

6882 (2.4)7027 (16.0)2

3307 (1.1)10,225 (23.3)3+

Health care utilization at baseline, n (%)

6.6 (12.0)22.3 (20.6)Encountersa

Insurance type, n (%)

41,618 (14.4)373 (0.9)Health maintenance organization

9713 (3.4)36 (0.1)Medicaid or Medi-Cal

7626 (2.7)28,291 (64.4)Medicare fee-for-service

1045 (0.4)14,168 (32.3)Medicare health maintenance organization

132,151 (45.9)750 (1.7)Preferred provider organization or fee-for-service

95,999 (33.2)271 (0.6)Other/Unknown

Region (primary care physician’s location at baseline), n (%)

143,518 (49.8)12,864 (29.3)Region A

19,969 (6.9)4133 (9.4)Region B

62,988 (21.9)24,402 (55.6)Region C

18,587 (6.5)1681 (3.8)Region D

16,966 (5.8)763 (1.7)Region E

26,135 (9.1)46 (0.1)Other or no primary care physician

aEncounters included in-person visits, video visits, My Health Online message, and telephone.

Appointment Scheduling and Completion
For Medicare wellness visits, there was an increasing trend in
proportion of appointments scheduled through the patient portal
(Figure 4), and for Pap smear, appointments scheduled through
the patient portal and appointment completion in the nudge
group were consistently higher than those for the control group
throughout the study period.

When comparing the unadjusted rates, we observed that a higher
percentage of patients scheduled Medicare wellness visits
through the patient portal after nudge implementation (nudge)
than before implementation (control) for the overall sample
(nudge: 12,573/96,839, 13.0%; control: 2769/28,530, 9.7%;
P<.001) as well as for the subset with appointment scheduled
(nudge: 12,573/58,371, 21.5%, control: 2769/17,036 16.3%;
P<.001) (Table 3). A similar pattern for appointment scheduling
through the patient portal was found for Pap smear between
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February 2018 and February 2020 for those who received health
maintenance reminders (nudge: 8239/287,149, 2.9%, control:
1868/120,047, 1.6%; P<.001) and for the subset with
appointment scheduled (nudge: 12.2%, control: 9.2%, P<.001),
and the rate of appointment completion for Pap smear was

higher (P<.001) in the nudge group (67,399/287,149, 23.5%)
than that in the control group (20,393/120,047, 17.0%), while
rates of appointment completion for Medicare wellness visits
were comparable (nudge: 49,835/96,839, 51.5%; control:
14,781/28,530, 51.8%; P=.30).

Figure 4. Trends of web-based scheduling and appointment completion from January 2017 to February 2020.

Table 3. Rates of appointment scheduling through the patient portal and appointment completion between nudge and control groups.

Pap smearMedicare wellness visits

P value

Nudge (February
2018-February
2020)

Control (Febru-
ary 2018-Febru-
ary 2020)P value

Nudge (Decem-
ber 2017-Febru-
ary 2020)

Control (January
2017-November
2017)

—287,149120,047—a96,83928,530Health maintenance reminders, n

—67,44520,402—58,37117,036Appointments scheduled, n

—82391868—12,5732769Appointment scheduled through
the patient portal, n

<.0012.91.6<.00113.09.7Unadjustedb, %

<.00112.29.2<.00121.516.3Adjustedc, %

<.00167,399 (23.5)20,393 (17.0).3049,835 (51.8)14,781 (51.8)Appointments completed, n (%)

aThe comparison was not made.
bThe percentage was calculated using the number of health maintenance reminders.
cThe percentage was calculated using the number of appointments scheduled.

Nudge Effect
Findings from segmented regression for Medicare wellness
visits (Table 4) suggested that there was a marginal gradual
effect of nudge messaging on Medicare wellness visits scheduled

through the patient portal (monthly rate 0.26%; P=.09). There
was a statistically significant increase, at a rate of 0.46% per
month (P=.04), in appointments scheduled through the patient
portal. There was no immediate effect for either patterns in
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appointments scheduled though the patient portal or for patterns
in appointments completed for Medicare wellness visits.

The odds of scheduling a Pap smear for patients who received
nudge health maintenance reminders were 1.62 times those for
patients who received control health maintenance reminders
(propensity adjusted odds ratio [OR] 1.62, 95% CI 1.50-1.74).
A similar association was observed among the patients with
scheduled appointments (propensity adjusted OR 1.61, 95% CI
1.47-1.76). Nudge health maintenance reminders were associated
with a 7% increase in the odds of appointment completion for
Pap smear (propensity adjusted OR 1.07, 95% CI 1.04-1.10).

We evaluated linear and categorical specifications (quintiles
and deciles) of the propensity score. The categorical
specification in deciles was selected, although sensitivity
analyses using different specifications of the propensity score

did not change our conclusions. Nudge health maintenance
reminders were associated with a higher rate of scheduling
through the patient portal for all health maintenance reminders
and for patients who received health maintenance reminders
and who scheduled appointments. For all health maintenance
reminders, ORs ranged between 1.39-1.63 (quintile
specification: adjusted OR 1.63, 95% CI 1.51-1.75; linear
specification: adjusted OR 1.39, 95% CI 1.32-1.47). For patients
with scheduled appointments, ORs ranged between 1.47-1.56
(quintile specification: adjusted OR 1.56, 95% CI 1.44-1.70;
linear specification: adjusted OR 1.47, 95% CI 1.36-1.58).
Nudge health maintenance reminders were associated with 10%
to 17% increases in the odds of appointment completion for
Pap smear (quintile specification: adjusted OR 1.17, 95% CI
1.14-1.20; linear specification: adjusted OR 1.10, 95% CI
1.07-1.12).

Table 4. Regression analysis results.

Pap smeara, odds ratio (95% CI)Medicare wellness visits, coefficient (SE)

Propensity

adjustedUnadjusted

Change in slope
(gradual effect, per
month)

Change in intercept
(immediate effect)

Preintervention
slope (secular
trend, per month)

Preintervention
level (Baseline)

1.62 (1.50 to 1.74)1.87 (1.78 to 1.97)0.264 (0.155)−0.700 (0.971)0.001 (0.151)9.421 (0.941)Scheduled through the
patient portal

1.61 (1.47 to 1.76)1.38 (1.31 to 1.46)0.462 (0.215)−1.071 (1.345)−0.043 (0.210)16.343 (1.305)Scheduled through the
patient portal among
all scheduled

1.07 (1.04 to 1.10)1.50 (1.47 to 1.53)0.052 (0.285)−0.201 (1.782)−0.007 (0.279)50.687 (1.728)Appointment complet-
ed

aThe reference group in the model is patients who received a standard (control) health maintenance reminder. The propensity to receive a nudge health
maintenance reminder was estimated as a function of patient age at baseline, race/ethnicity, Charlson comorbidity score at baseline, number of encounters
at baseline, insurance type, and service location and was categorized in deciles in the adjusted model.

Discussion

Principal Findings
To the best of our knowledge, this is the first attempt to employ
behavioral economics with electronic medical record
portal–based health maintenance reminders to improve patient
engagement and the utilization of preventive health services.
Our findings suggest that our intervention influenced patient
behavior. Simple modifications to verbiage and the framing of
messages and adding embedded scheduling functionality had
an impact on patients’ actions. Although we did not find an
immediate effect of nudge on scheduling appointments through
the patient portal, we observed a sustained effect over time
especially among those who scheduled an appointment. We
believe this is because once patients learned how to schedule
appointments through the patient portal, they used the portal to
schedule appointments from that time onward. Similarly, we
found that nudge health maintenance reminders for Pap smear
were associated with a 65% to 68% increase in the odds of
scheduling appointments through the patient portal, compared
to control health maintenance reminders during the same study
timeframe.

Appointments have typically been scheduled over the phone or
in person, which can be resource intensive. Patient portals with

web-based scheduling improves patient convenience, flexibility,
and communications with providers, while reducing
administrative burdens [34,35]. Furthermore, the COVID-19
pandemic has increased preference for and use of telehealth and
features such as web-based scheduling. Behavioral
economics–based health maintenance reminders are low-cost,
effective, and operationally feasible. Once designed and pilot
tested, they can be centrally deployed to all eligible patients
with relatively low administrative burden and costs.

We acknowledge the very low rate for scheduling appointments
through the patient portal for Pap smear (13,259/585,358, 2.3%)
and posit that this may be due to a couple of factors. First, at
Sutter Health, the majority of obstetric and gynecological
practices do not allow appointments to be scheduled through
the patient portal. Patients could schedule appointments with
their primary care provider through the portal but could only
type “Pap smear” in the free text box if they would like to
receive one during that visit. Since there is no Pap smear visit
scheduling type in the electronic medical record system, it added
some complexity in retrieving these data—we identified the
Pap smear procedure in subsequent visits. Nevertheless, even
a small percentage means that more patients than those who
would have with a standard message were able to receive this
preventative screening.
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Proactively engaging patients to schedule their appointments
is the important first step to care management. Follow-through
appointment completion is next. Our findings are mixed when
examining the effect of nudge on appointment completion. We
did not observe a significant effect on appointment completion
for Medicare wellness visits (P=.30). The nudge effect for Pap
smear was moderate, with a 7% increase, compared to control
health maintenance reminders. The difference in nudge effects
between Medicare wellness visits and Pap smear may be
attributable to differences in patient populations to some degree.
Exploratory stratified analyses suggested that patients who were
younger (vs those 65 years and older) and Asian (vs other race
or ethnicity groups) had the highest Pap smear appointment
completion rate and most improvement from receiving nudge
messages. Compared to the Medicare wellness visit sample, the
Pap smear sample represented a younger patient population,
with relatively more Asian individuals. We also explored if the
number of health maintenance reminders sent plays a role in
appointment completion. Among those who received multiple
health maintenance reminders, subsequent health maintenance
reminders were associated with higher rates of appointment
completion than those for the first health maintenance reminders.
These patterns were similar for both Medicare wellness visits
and Pap smear. Scheduling an appointment or procedure does
not automatically lead to completion, and thus, completion is
a more complex process than scheduling and likely to be
influenced by additional factors, which requires further
investigation.

Limitations
Our study has several limitations. First, our analyses are based
on data from a large health care system in Northern California.
Our nudge intervention was designed for patients with access
to internet and email which limits the generalizability of specific
estimates of the nudge effect. Second, the propensity score
covariate–adjusted method was selected because it mitigates

confounding in observational studies such as ours. We chose
this method over other widely used propensity score–matching
methods. Due to the case-control ratio in our data
(approximately 2.4:1 between February 2018 and February
2020), the propensity score–matching approach would have
resulted in a loss of statistical power. The rollout of nudge health
maintenance reminders was designed with operational goals to
encourage patient uptake of web-based tools and to facilitate
scheduling, which is expected to lead to better care management
and health outcomes. As such, more cases than controls were
enrolled. Different specifications of propensity score modeling
may affect the results of our propensity score covariate–adjusted
approach. We conducted sensitivity analyses using linear and
nonlinear specifications of propensity score and our findings
were consistent. Third, we focused on the overall patterns.
Future research is needed to understand potential variability by
specific subgroups (race/ethnicity, socioeconomic status) to
inform targeted, culturally appropriate designs to maximize the
benefit of nudges. The time of the year may have played a role
in appointment scheduling and completion. Our study period
limited the ability to examine the seasonal effect. We also
recognize that the generalizability of these findings might be
limited, with respect to application to other patient portals, as
many have different functionalities and user experiences than
those in the portal used in this study.

Conclusions
Nudges, a behavioral economics–based health maintenance
reminder, improve web-based scheduling and subsequent
appointment completion for Medicare wellness visits and Pap
smear, with important long-term impacts. Given these results,
Sutter Health implemented messages with behavioral
economics–based language for all other health maintenance
reminders on May 28, 2020. Future studies should explore why
nudge worked for some patients and not others.

 

Acknowledgments
We are grateful to the contributions made by VAL Health, in study design, and to James Read and Kevin Hays for their assistance
and expertise with electronic health record data extraction for this study.

Conflicts of Interest
None declared.

References
1. Health information technology for economic and clinical health (HITECH) act. US Department of Health and Human

Services, and Ways and Means Committee. 2009. URL: https://www.hhs.gov/sites/default/files/ocr/privacy/hipaa/
understanding/coveredentities/hitechact.pdf [accessed 2022-03-10]

2. Patel V, Barker W, Siminerio E. rends in consumer access and use of electronic health information. Office of the National
Coordinator for Health Information Technology. 2015. URL: https://www.healthit.gov/sites/default/files/briefs/
oncdatabrief30_accesstrends_.pdf [accessed 2022-03-10]

3. Irizarry T, DeVito Dabbs A, Curran CR. Patient portals and patient engagement: a state of the science review. J Med Internet
Res 2015 Jun 23;17(6):e148 [FREE Full text] [doi: 10.2196/jmir.4255] [Medline: 26104044]

4. Posada J, Potvin H, Cookson C. Opening up with Open Notes: writing notes in the era of full patient access. Acad Psychiatry
2021 Jul 26:1-5. [doi: 10.1007/s40596-021-01510-2] [Medline: 34309805]

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e34090 | p.251https://humanfactors.jmir.org/2022/1/e34090
(page number not for citation purposes)

Liang et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://www.hhs.gov/sites/default/files/ocr/privacy/hipaa/understanding/coveredentities/hitechact.pdf
https://www.hhs.gov/sites/default/files/ocr/privacy/hipaa/understanding/coveredentities/hitechact.pdf
https://www.healthit.gov/sites/default/files/briefs/oncdatabrief30_accesstrends_.pdf
https://www.healthit.gov/sites/default/files/briefs/oncdatabrief30_accesstrends_.pdf
https://www.jmir.org/2015/6/e148/
http://dx.doi.org/10.2196/jmir.4255
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26104044&dopt=Abstract
http://dx.doi.org/10.1007/s40596-021-01510-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34309805&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


5. Stults CD, Li J, Frosch DL, Krishnan H, Smith-McCurdy G, Jones VG, et al. Assessment of accuracy and usability of a
fee estimator for ambulatory care in an integrated health care delivery network. JAMA Netw Open 2019 Dec
02;2(12):e1917445 [FREE Full text] [doi: 10.1001/jamanetworkopen.2019.17445] [Medline: 31834394]

6. Heath S. Patient portal adoption tops 90%, but strong patient use is needed. Patient Engagement HIT. URL: https://tinyurl.
com/352tarjs [accessed 2020-04-29]

7. Berliner Senderey A, Kornitzer T, Lawrence G, Zysman H, Hallak Y, Ariely D, et al. It's how you say it: systematic A/B
testing of digital messaging cut hospital no-show rates. PLoS One 2020 Jun 23;15(6):e0234817 [FREE Full text] [doi:
10.1371/journal.pone.0234817] [Medline: 32574181]

8. Volpp KG, Asch DA. Make the healthy choice the easy choice: using behavioral economics to advance a culture of health.
QJM 2017 May 01;110(5):271-275 [FREE Full text] [doi: 10.1093/qjmed/hcw190] [Medline: 27803366]

9. Patel MS, Volpp KG, Asch DA. Nudge units to improve the delivery of health care. N Engl J Med 2018 Jan 18;378(3):214-216
[FREE Full text] [doi: 10.1056/NEJMp1712984] [Medline: 29342387]

10. Loewenstein G, Brennan T, Volpp KG. Asymmetric paternalism to improve health behaviors. JAMA 2007 Nov
28;298(20):2415-2417. [doi: 10.1001/jama.298.20.2415] [Medline: 18042920]

11. Asch D, Volpp K. Use behavioral economics to achieve wellness goals. Harvard Business Review. 2014. URL: https:/
/www.hhs.gov/sites/default/files/ocr/privacy/hipaa/understanding/coveredentities/hitechact.pdf [accessed 2022-03-10]

12. Emanuel EJ, Ubel PA, Kessler JB, Meyer G, Muller RW, Navathe AS, et al. Using behavioral economics to design physician
incentives that deliver high-value care. Ann Intern Med 2016 Jan 19;164(2):114-119. [doi: 10.7326/M15-1330] [Medline:
26595370]

13. Asch DA, Rosin R. Engineering social incentives for health. N Engl J Med 2016 Dec 29;375(26):2511-2513. [doi:
10.1056/NEJMp1603978] [Medline: 28029924]

14. Purnell JQ, Thompson T, Kreuter MW, McBride TD. Behavioral economics: "nudging" underserved populations to be
screened for cancer. Prev Chronic Dis 2015 Jan 15;12:E06 [FREE Full text] [doi: 10.5888/pcd12.140346] [Medline:
25590600]

15. Granek B, Evans A, Petit J, James MC, Ma Y, Loper M, et al. Feasibility of implementing a behavioral economics mobile
health platform for individuals with behavioral health conditions. Health Technol 2021 Feb 25;11(3):505-510. [doi:
10.1007/s12553-020-00492-9]

16. MacCarthy S, Mendoza-Graf A, Wagner Z, L Barreras J, Kim A, Giguere R, et al. The acceptability and feasibility of a
pilot study examining the impact of a mobile technology-based intervention informed by behavioral economics to improve
HIV knowledge and testing frequency among Latinx sexual minority men and transgender women. BMC Public Health
2021 Feb 12;21(1):341 [FREE Full text] [doi: 10.1186/s12889-021-10335-5] [Medline: 33579242]

17. Graham AK, Munson SA, Reddy M, Neubert SW, Green EA, Chang A, et al. Integrating user-centered design and behavioral
science to design a mobile intervention for obesity and binge eating: mixed methods analysis. JMIR Form Res 2021 May
10;5(5):e23809 [FREE Full text] [doi: 10.2196/23809] [Medline: 33970114]

18. Wang SY, Groene O. The effectiveness of behavioral economics-informed interventions on physician behavioral change:
a systematic literature review. PLoS One 2020 Jun 4;15(6):e0234149 [FREE Full text] [doi: 10.1371/journal.pone.0234149]
[Medline: 32497082]

19. Caturegli G, Materi J, Lombardo A, Milovanovic M, Yende N, Variava E, et al. Choice architecture-based prescribing tool
for TB preventive therapy: a pilot study in South Africa. Public Health Action 2020 Sep 21;10(3):118-123 [FREE Full text]
[doi: 10.5588/pha.20.0020] [Medline: 33134126]

20. Belli HM, Chokshi SK, Hegde R, Troxel AB, Blecker S, Testa PA, et al. Implementation of a behavioral economics
electronic health Record (BE-EHR) module to reduce overtreatment of diabetes in older adults. J Gen Intern Med 2020
Nov 03;35(11):3254-3261 [FREE Full text] [doi: 10.1007/s11606-020-06119-z] [Medline: 32885374]

21. Reed KL, Harvey EM, Everly CJ. The intersection of behavioral economics and the general medicine literature. Am J Med
2021 Nov;134(11):1350-1356.e2 [FREE Full text] [doi: 10.1016/j.amjmed.2021.06.041] [Medline: 34343511]

22. Han H, Gleason KT, Sun C, Miller HN, Kang SJ, Chow S, et al. Using patient portals to improve patient outcomes: systematic
review. JMIR Hum Factors 2019 Dec 19;6(4):e15038 [FREE Full text] [doi: 10.2196/15038] [Medline: 31855187]

23. Chung S, Lesser LI, Lauderdale DS, Johns NE, Palaniappan LP, Luft HS. Medicare annual preventive care visits: use
increased among fee-for-service patients, but many do not participate. Health Aff (Millwood) 2015 Jan;34(1):11-20. [doi:
10.1377/hlthaff.2014.0483] [Medline: 25561639]

24. Ganguli I, Souza J, McWilliams JM, Mehrotra A. Trends in use of the US Medicare annual wellness visit, 2011-2014.
JAMA 2017 Jun 06;317(21):2233-2235 [FREE Full text] [doi: 10.1001/jama.2017.4342] [Medline: 28423397]

25. Lind KE, Hildreth KL, Perraillon MC. Persistent disparities in medicare's annual wellness visit utilization. Med Care 2019
Dec;57(12):984-989. [doi: 10.1097/MLR.0000000000001229] [Medline: 31584462]

26. Bandi P, Minihan AK, Siegel RL, Islami F, Nargis N, Jemal A, et al. Updated review of major cancer risk factors and
screening test use in the United States in 2018 and 2019, with a focus on smoking cessation. Cancer Epidemiol Biomarkers
Prev 2021 May 19;30(7):1287-1299. [doi: 10.1158/1055-9965.epi-20-1754]

27. Tang PC, Ash JS, Bates DW, Overhage JM, Sands DZ. Personal health records: definitions, benefits, and strategies for
overcoming barriers to adoption. J Am Med Inform Assoc 2006 Mar 01;13(2):121-126. [doi: 10.1197/jamia.m2025]

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e34090 | p.252https://humanfactors.jmir.org/2022/1/e34090
(page number not for citation purposes)

Liang et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://jamanetwork.com/journals/jamanetworkopen/fullarticle/10.1001/jamanetworkopen.2019.17445
http://dx.doi.org/10.1001/jamanetworkopen.2019.17445
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31834394&dopt=Abstract
https://patientengagementhit.com/news/patient-portal-adoption-tops-90-but-strong-patient-use-is-needed#:~:text=Patient%20portal%20adoption%20reaches%2090,drive%20meaningful%20patient%20portal%20use.&text=July%2031%2C%202018%20%2D%20Patient%20portal,Group%20Management%20Association%20(MGMA)
https://patientengagementhit.com/news/patient-portal-adoption-tops-90-but-strong-patient-use-is-needed#:~:text=Patient%20portal%20adoption%20reaches%2090,drive%20meaningful%20patient%20portal%20use.&text=July%2031%2C%202018%20%2D%20Patient%20portal,Group%20Management%20Association%20(MGMA)
https://dx.plos.org/10.1371/journal.pone.0234817
http://dx.doi.org/10.1371/journal.pone.0234817
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32574181&dopt=Abstract
http://europepmc.org/abstract/MED/27803366
http://dx.doi.org/10.1093/qjmed/hcw190
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27803366&dopt=Abstract
http://europepmc.org/abstract/MED/29342387
http://dx.doi.org/10.1056/NEJMp1712984
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29342387&dopt=Abstract
http://dx.doi.org/10.1001/jama.298.20.2415
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18042920&dopt=Abstract
https://www.hhs.gov/sites/default/files/ocr/privacy/hipaa/understanding/coveredentities/hitechact.pdf
https://www.hhs.gov/sites/default/files/ocr/privacy/hipaa/understanding/coveredentities/hitechact.pdf
http://dx.doi.org/10.7326/M15-1330
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26595370&dopt=Abstract
http://dx.doi.org/10.1056/NEJMp1603978
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28029924&dopt=Abstract
https://www.cdc.gov/pcd/issues/2015/14_0346.htm
http://dx.doi.org/10.5888/pcd12.140346
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25590600&dopt=Abstract
http://dx.doi.org/10.1007/s12553-020-00492-9
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-021-10335-5
http://dx.doi.org/10.1186/s12889-021-10335-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33579242&dopt=Abstract
https://formative.jmir.org/2021/5/e23809/
http://dx.doi.org/10.2196/23809
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33970114&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0234149
http://dx.doi.org/10.1371/journal.pone.0234149
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32497082&dopt=Abstract
http://europepmc.org/abstract/MED/33134126
http://dx.doi.org/10.5588/pha.20.0020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33134126&dopt=Abstract
http://europepmc.org/abstract/MED/32885374
http://dx.doi.org/10.1007/s11606-020-06119-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32885374&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0002-9343(21)00477-0
http://dx.doi.org/10.1016/j.amjmed.2021.06.041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34343511&dopt=Abstract
https://humanfactors.jmir.org/2019/4/e15038/
http://dx.doi.org/10.2196/15038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31855187&dopt=Abstract
http://dx.doi.org/10.1377/hlthaff.2014.0483
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25561639&dopt=Abstract
http://europepmc.org/abstract/MED/28423397
http://dx.doi.org/10.1001/jama.2017.4342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28423397&dopt=Abstract
http://dx.doi.org/10.1097/MLR.0000000000001229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31584462&dopt=Abstract
http://dx.doi.org/10.1158/1055-9965.epi-20-1754
http://dx.doi.org/10.1197/jamia.m2025
http://www.w3.org/Style/XSL
http://www.renderx.com/


28. Tang PC, Black W, Buchanan J, Young CY, Hooper D, Lane SR, et al. PAMFOnline: integrating EHealth with an electronic
medical record system. AMIA Annu Symp Proc 2003:644-648 [FREE Full text] [Medline: 14728253]

29. Behavioral economics: the last mile for health engagement. VALHealth. 2019. URL: https://tinyurl.com/2p9a397r [accessed
2021-12-14]

30. Achieving telemedicine adoption using behavioral economics. VALHealth. 2018. URL: https://tinyurl.com/2dk9j5bk
[accessed 2021-12-15]

31. Increasing engagement with patient portals. VALHealth. 2018. URL: https://tinyurl.com/5n8e55yw [accessed 2021-12-04]
32. Austin PC. An introduction to propensity score methods for reducing the effects of confounding in observational studies.

Multivariate Behav Res 2011 May 31;46(3):399-424 [FREE Full text] [doi: 10.1080/00273171.2011.568786] [Medline:
21818162]

33. Stukel TA, Fisher ES, Wennberg DE, Alter DA, Gottlieb DJ, Vermeulen MJ. Analysis of observational studies in the
presence of treatment selection bias: effects of invasive cardiac management on AMI survival using propensity score and
instrumental variable methods. JAMA 2007 Jan 17;297(3):278-285 [FREE Full text] [doi: 10.1001/jama.297.3.278] [Medline:
17227979]

34. Ganguli I, Orav EJ, Lupo C, Metlay JP, Sequist TD. Patient and visit characteristics associated with use of direct scheduling
in primary care practices. JAMA Netw Open 2020 Aug 03;3(8):e209637 [FREE Full text] [doi:
10.1001/jamanetworkopen.2020.9637] [Medline: 32852551]

35. Zhao P, Yoo I, Lavoie J, Lavoie BJ, Simoes E. Web-based medical appointment systems: a systematic review. J Med
Internet Res 2017 Apr 26;19(4):e134 [FREE Full text] [doi: 10.2196/jmir.6747] [Medline: 28446422]

Abbreviations
OR: odds ratio

Edited by A Kushniruk; submitted 06.10.21; peer-reviewed by R Krukowski, B Zhao; comments to author 24.10.21; revised version
received 17.12.21; accepted 10.01.22; published 30.03.22.

Please cite as:
Liang SY, Stults CD, Jones VG, Huang Q, Sutton J, Tennyson G, Chan AS
Effects of Behavioral Economics–Based Messaging on Appointment Scheduling Through Patient Portals and Appointment Completion:
Observational Study
JMIR Hum Factors 2022;9(1):e34090
URL: https://humanfactors.jmir.org/2022/1/e34090 
doi:10.2196/34090
PMID:35353051

©Su-Ying Liang, Cheryl D Stults, Veena G Jones, Qiwen Huang, Jeremy Sutton, Guy Tennyson, Albert S Chan. Originally
published in JMIR Human Factors (https://humanfactors.jmir.org), 30.03.2022. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Human Factors, is properly
cited. The complete bibliographic information, a link to the original publication on https://humanfactors.jmir.org, as well as this
copyright and license information must be included.

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e34090 | p.253https://humanfactors.jmir.org/2022/1/e34090
(page number not for citation purposes)

Liang et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://europepmc.org/abstract/MED/14728253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14728253&dopt=Abstract
https://static1.squarespace.com/static/5e94c7aabc3951125aba556a/t/5e9942e4f3fc972584820a90/1587102440079/VAL+Health+Increasing+Engagement+Through+Communications+White+Paper+%281%29.pdf
https://static1.squarespace.com/static/5e94c7aabc3951125aba556a/t/5e98078022002f6f2fd4e7a7/1587021700700/2018%2BVAL%2BHealth%2BWhite%2BPaper%2B-%2BAchieving%2BTelemedicine%2BAdoption%2BUsing%2BBehavioral%2BEconomics.pdf
https://static1.squarespace.com/static/5e94c7aabc3951125aba556a/t/5e9942dc060d124f4a45f685/1587102429380/2018+VAL+Health+White+Paper+-+Increasing+Engagement+With+Patient+Portals.pdf
http://europepmc.org/abstract/MED/21818162
http://dx.doi.org/10.1080/00273171.2011.568786
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21818162&dopt=Abstract
http://europepmc.org/abstract/MED/17227979
http://dx.doi.org/10.1001/jama.297.3.278
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17227979&dopt=Abstract
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/10.1001/jamanetworkopen.2020.9637
http://dx.doi.org/10.1001/jamanetworkopen.2020.9637
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32852551&dopt=Abstract
https://www.jmir.org/2017/4/e134/
http://dx.doi.org/10.2196/jmir.6747
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28446422&dopt=Abstract
https://humanfactors.jmir.org/2022/1/e34090
http://dx.doi.org/10.2196/34090
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35353051&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Personas for Better Targeted eHealth Technologies:
User-Centered Design Approach

Iris ten Klooster1, MSc; Jobke Wentzel1,2,3, PhD; Floor Sieverink4, PhD; Gerard Linssen5, PhD; Robin Wesselink6,

MSc; Lisette van Gemert-Pijnen1, PhD, Prof Dr
1Faculty of Behavioural, Management and Social Sciences, University of Twente, Enschede, Netherlands
2Department of Health and Social Studies, Windesheim University of Applied Sciences, Zwolle, Netherlands
3Research Group IT Innovations in Health Care, Windesheim University of Applied Sciences, Zwolle, Netherlands
4Carintreggeland, Hengelo, Netherlands
5Hospital Group Twente, Almelo and Hengelo, Netherlands
6Location AMC, Amsterdam University Medical Centers, Amsterdam, Netherlands

Corresponding Author:
Iris ten Klooster, MSc
Faculty of Behavioural, Management and Social Sciences
University of Twente
Drienerlolaan 5
Enschede, 7522 NB
Netherlands
Phone: 31 620730557
Email: i.tenklooster@utwente.nl

Abstract

Background: The full potential of eHealth technologies to support self-management and disease management for patients with
chronic diseases is not being reached. A possible explanation for these lacking results is that during the development process,
insufficient attention is paid to the needs, wishes, and context of the prospective end users. To overcome such issues, the
user-centered design practice of creating personas is widely accepted to ensure the fit between a technology and the target group
or end users throughout all phases of development.

Objective: In this study, we integrate several approaches to persona development into the Persona Approach Twente to attain
a more holistic and structured approach that aligns with the iterative process of eHealth development.

Methods: In 3 steps, a secondary analysis was carried out on different parts of the data set using the Partitioning Around Medoids
clustering method. First, we used health-related electronic patient record data only. Second, we added person-related data that
were gathered through interviews and questionnaires. Third, we added log data.

Results: In the first step, 2 clusters were found, with average silhouette widths of 0.12 and 0.27. In the second step, again 2
clusters were found, with average silhouette widths of 0.08 and 0.12. In the third step, 3 clusters were identified, with average
silhouette widths of 0.09, 0.12, and 0.04.

Conclusions: The Persona Approach Twente is applicable for mixed types of data and allows alignment of this user-centered
design method to the iterative approach of eHealth development. A variety of characteristics can be used that stretches beyond
(standardized) medical and demographic measurements. Challenges lie in data quality and fitness for (quantitative) clustering.

(JMIR Hum Factors 2022;9(1):e24172)   doi:10.2196/24172

KEYWORDS

personas; clustering; heart failure; eHealth; user-centered design

Introduction

Although eHealth technologies are seen as an opportunity to
support self-management and disease management for patients
with chronic diseases, their actual use remains low [1]. As a

result, the full potential of eHealth technologies is not being
reached. A possible explanation for these lacking applications
is that during the development process, insufficient attention is
paid to the needs, wishes, and context of the prospective end
users. To overcome such issues, user-centered design (UCD)
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principles [2] provide tools to keep the intended user in the heart
of the eHealth development process. The UCD practice of
creating personas is widely accepted to ensure the fit between
a technology and the target group or end users throughout all
phases of development [3]. Personas represent fictive members
of the target group and consist of a description of these potential
users. By engaging with the personas, developers and project
team members develop an eye for the characteristics of their
target group [4]. One could say personas are a way to
continuously communicate “who we are doing this for” to the
team. In addition, the eHealth development team can, for
example, anticipate on these personas to tailor educational
messages [5] or to support adherence among several types of
eHealth users [6]. The approaches that are described for creating
personas are using 1 source of data, ignoring the variety and
variability in data needed to create groups of end users that have
similar characteristics.

Several frameworks advocate the use of multiple methods for
data collection during the eHealth development process [7], for
example, through interviews, questionnaires, and focus groups.
Thus, mixed types of data from several sources are used during
eHealth development, while persona creation often relies on
limited data sources. First, the target group’s health-related
attributes form an important part of the personas in eHealth
projects [8]: the risk of health complications, health-related
activities that the prospective end users must undertake, the
variation of symptoms in the target group, and tailoring options
for medical treatment. These topics reflect factors that can be
used to paint the “end user picture.” Thus, health-related factors
are the major contributors to the construction of eHealth
personas. However, as research and experience in eHealth
development progresses and matures, it has become obvious
that an eHealth user should be characterized by more than just
health status, and zooming in on health-related factors only tells
a part of the users’ story. Rather, a person who may be ill or
has a chronic disease and aims to recover after surgery or disease
or simply looks to preserve his/her health still has many more
personal characteristics, likes, dislikes, or habits that are also
relevant for understanding this person [9]. Therefore, second
personas are created focusing on how a person wants, likes, or
prefers to live life. LeRouge and colleagues [10] developed a
conceptual model for identifying a broad range of user profiles
and persona attributes from qualitative data. A related approach
that considers characteristics beyond health factors is described
by Vosbergen et al [5]. They have demonstrated how a variation
in information needs can lead to personas (and consequently,
technology design) that represent different ways in which people
value and consume information. Similarly, there are many
preferences, habits, and other variables beyond health/disease
status and demographics that may be worthwhile to include in
eHealth personas [11,12]. In these approaches, the personas
result from a selection of relevant factors depending on more
subjective experiences and tacit knowledge from experts. This
can easily result in somewhat arbitrary decisions made on what
to include in the persona. An approach that addresses this issue
is proposed by Holden et al [13], using a quantitative cluster
analysis on biopsychosocial survey data. In their approach,
Holden et al [13] use qualitative data such as subjective eHealth

literacy to describe the target group and distill personas that
represent this group.

In addition to the use of health-related data and person-oriented
data, we have noticed approaches in which server log data are
used for identifying and describing user groups. Server log data
are an automatic registration of, among others, the time, date,
and activity that is carried out by the eHealth user within the
system. An example is the identification of user groups based
on activities within the eHealth system, resulting in personas
characterized by activities that are most prominent within the
clusters [14]. A more comprehensive approach is described in
the study by Jones et al [15], in which activities within the
system are expanded with information about the frequency,
intensity, consistency, and demographics of the users. Using
such data results in personas that include demographics of the
users as well as users’ engagement with an eHealth system.
When this method is applied for identifying groups of eHealth
users with chronic conditions, this approach itself can be
expanded with log data related to monitored health values.

Overall, we see that there are several frameworks describing
the steps in a very structured or less structured manner through
which eHealth technologies can be developed. These
frameworks are similar in that we see several data collection
methods during the phases that are iteratively walked through
to come to a technology that fits with the end users. In this sense,
applying a framework in eHealth development and persona
creation alike benefits from applying a broad lens to the user,
technology, and context to ensure a good fit. The Center for
eHealth Research (CeHRes) roadmap [7] describes such an
approach, where research and development are guided through
various design phases. This approach calls for holistic and
value-driven development, focusing not only on the functionality
and goal of eHealth technology but also accounting for users’
motivations, abilities, circumstances, and context [7]. Personas
fit well within this approach if we include relevant
factors/characteristics for creating personas. However, the
approaches for developing personas, as described above, only
focus on 1 method for collecting data (eg, interviews,
questionnaire data, log data), ignoring the variety of data
collected during the UCD development processes. Therefore,
we have studied how to develop a structured iterative approach
for personas within the eHealth development process. Data from
a previous study were used in which the phases of the CeHRes
roadmap were completed, resulting in data that were collected
through various methods (eg, interviews, questionnaires, log
data).

Methods

Study Design
In this study, we have used a 3-step iterative approach to
personas. In the first step, health-related data were used to
develop the personas, using data from an electronic patient
record (EPR). In the second step, these EPR data were enriched
with person-related data that were gathered through interviews
and questionnaires. In the third step, log data were added to the
model to illustrate how personas can be further developed after
log data are collected through a pilot study or after the eHealth
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technology is launched and actually used by the end user. From
now on, we refer to this iterative approach to eHealth
development as the Persona Approach Twente (PAT). During
this illustration of PAT, the focus is also on (1) how the
approaches as described by Holden et al [13] and LeRouge et
al [10] can be combined enabling the use of several data
collection methods (quantitative and qualitative) for describing
user groups and (2) the use of semiautomated methods for
grouping the end users so that the arbitrary approach applied in
previous studies for developing person-related personas is
replaced by a more systematic approach. Thereby, we have
aimed to contribute to achieving the full potential of eHealth
technologies for chronic diseases.

Data Collection
Data collected in a previous study for the development of a
telemonitoring application for people with heart failure were
used, guided by the steps described in the CeHRes roadmap [7].
These data were gathered among 25 patients with mild to
moderate chronic heart failure from the outpatient clinic of the
Hospital Group Twente, Almelo and Hengelo, The Netherlands,
of whom 13 were females (56%). Their mean age was 68 (SD
9) years, ranging between 46 and 82 years. Patients with a New
York Heart Association (NYHA) functional classification 2 or
3 [16], with stable symptoms, and stable medication were
included in this study. Persons admitted to the hospital within
1 month after data collection were excluded.

First, data from EPRs of the participants were used to collect
health-related data such as NYHA classification and

cerebrovascular accident or transient ischemic attack
comorbidity. Second, quantitative data were collected through
the 8-item eHealth Literacy Scale (eHEALS) questionnaire [17]
to gain insight into the eHealth literacy status of the participants.
Third, the 5-level 5-dimension Euro quality of life (EQ-5D-5L)
questionnaire was used to gain insight into participants’ quality
of life, consisting of mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression [18]. Moreover,
qualitative data regarding experiences in living with heart
failure, technology use and trust, and motivation were collected
through interviews with the participants. Based on these data,
the iMediSense telemonitoring system (2016, Thales) was
developed in another study [19]. A pilot study was conducted
that was clinically supervised by cardiologists and nurse
practitioners. In this pilot, patients were instructed to conduct
measurements at least once daily for 60 days: diastolic blood
pressure, systolic blood pressure, heart rate, and body weight.
Further, they filled out an heart failure symptoms questionnaire.
When measurements exceeded predefined ranges, alarms were
generated. Nurse practitioners were instructed to view the
generated alarms and react accordingly. The log data regarding
the appointed symptoms, the alarms during the pilot study, and
usage log data were used for the secondary analysis in this study.
In Table 1, the aforementioned data collection methods are
coupled with the variables that were collected through these
methods. The variables also display the number of participants
for whom a variable is known. Owing to the secondary analysis
of this data set, not all variables were present or assessed among
all participants.
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Table 1. Data collection methods used in this study coupled with the variables that were collected through these methods and the number of participants
for whom a variable is known.

ClusteringVariables (n)Method, collected data

Electronic patient record

Step 1 and 2 and 3Gender (25), age (25)Demographic

Step 1 and 2 and 3Cerebrovascular incident or transient ischemic attack comorbidity (25), chronic
obstructive pulmonary disease comorbidity (25), diabetes comorbidity (25), left
ventricular ejection fraction (25), heart failure with reduced ejection fraction (left
ventricular ejection fraction <40%) (25), ischemic heart disease (25), hypertension
(25), atrial fibrillation (25), New York Heart Association 2 or New York Heart
Association 3 (25), heart failure hospitalization (25), cardiac resynchronization
therapy defibrillator (25), estimated glomerular filtration rate (25), implantable
cardioverter defibrillator (25)

Medical

Interviews

Step 2 and 3Smartphone ownership (23), personal computer ownership (22), tablet ownership
(23), use of technology for entertainment (13), use of technology for social pur-
poses (14), use of technology for gaining information (14)

Technical

Step 2 and 3Education type (7), children (13), grandchildren (5), divorce (13), marital status
(16), employment (22)

Demographic

Step 2 and 3Positive coping (25), negative coping (25), health-related goals (25), years ago
diagnosed with heart failure (24)

Health care specifics

eHealth Literacy Scale questionnaire

Step 2 and 3eHealth literacy (22)Capacity for engaging in eHealth

5-level 5-dimension Euro quality of life questionnaire

Step 2 and 3Quality of life before using the telemonitoring technology (25)Quality of life

Step 3Quality of life after using the telemonitoring technology (25)

Log data of the pilot study

Step 3Start new measurement (25), send symptoms measurement (25), send physical
measurements (25), open history of measurements (25), contact care provider
(25), open profile page (25), open user manual (25)

Usage log data

Step 3Restless, forgetful, and had a lacking concentration (25), a reduced effort level
(25), a reduced appetite (25), a more than normal increase in fatigue (25), increased
shortness of breath (25), cough or tickling cough (25), moisture in legs and ab-
dominal distension (25), increased palpitations, fast paced heartbeat and chest
pain (25)

Appointed symptoms

Step 3Alarm for systolic blood pressure (24), alarms for diastolic blood pressure (24),
alarms for heart rate (24), alarms for weight (24)

Generated alarms

Data Analysis
Before analyzing the data, the qualitative data collected through
the semistructured interviews were coded by 2 independent
coders (FS and JW) by using a combination of inductive and
deductive coding [20]. First, the scheme of LeRouge et al [10]
with codes related to technical, demographic, and health care
specifics were used to code the interview data deductively.
Subsequently, these codes were adapted and supplemented by
means of inductive coding. After qualitative analysis, all
resulting themes and variations were categorized into binary
variables to enable cluster analysis. This means that if a theme
consisted of several variations, multiple binary variables were
created: 1 for every variation. For example, marital status was
divided into 2 variables, namely, marriage (married or not
married) and divorce (divorced or not divorced). Moreover,
when a code was assigned to less than 5 quotes, then these were
deleted from further analysis to reduce the influence of the

missing values on the cluster results. Second, Shapiro-Wilk
tests were performed to check whether variables were normally
distributed [21]. We found that the variables age, capacity for
engaging in eHealth, and estimated glomerular filtration rate
were normally distributed (P>.05). The remaining variables
were not normally distributed (P<.05) (Multimedia Appendix
1) and therefore log transformed before carrying out the cluster
analyses.

Since data were both numerical and binary, distance matrices
were created using Gower distances. Gower distances can handle
these types of mixed data by using range-normalized Manhattan
distances for quantitative data and Dice coefficient for nominal
variables [22]. Subsequently, 3 cluster analyses were carried
out using the Partitioning Around Medoids algorithm to develop
personas related to 1 of the 3 steps in the PAT. A cluster analysis
is a form of exploratory data analysis, where observations are
divided into meaningful groups that share common
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characteristics. The Partitioning Around Medoids algorithm
was chosen since it fits with Gower distances, and the medoids
can be used as “representatives” for the translation of clusters
to personas. Medoids refer to observations that fall within a
cluster for which the average dissimilarity between it and all
the other members of the cluster is minimal. By using these
representatives, we limit the influence of extreme values among
the participants.

The analyses were conducted on 3 distinct parts of the same
data set: (1) health-related data, (2) qualitative and quantitative
health- and person-related data, and (3) qualitative and
quantitative health- and person-related data, enriched with log
data collected during the pilot study. All analyses were carried
out using RStudio [23] and the R Cluster package [24], and
results were visualized using the Ggplot2 package [25]. To
estimate the optimal number of clusters, the average silhouette
method was used. After conducting the cluster analyses, the
medoids of the resulting clusters were used to describe personas.
Table 1 summarizes which variables were included in the
analysis for every step (1-3).

Ethics Approval
All participants gave permission for the use of these data and
signed an informed consent form. Moreover, this study was
ethically approved by the Behavioral, Management, and Social
Sciences ethics committee (210111).

Results

Three cluster analyses were carried out that align with data
collected through the (1) EPR (2) data enriched with interview
and questionnaire data, and (3) the aforementioned data enriched
with log data.

Clustering Health-Related Data
Figure S1 of Multimedia Appendix 2 shows the average
silhouette widths for the number of clusters ranging from 2 to
10. Based on this figure, it was decided that the optimal number
of clusters was 2, yielding an average silhouette width of 0.17.
In total, 25 persons were divided into 2 clusters. The first cluster
has an average silhouette width of 0.12 and consists of 17
persons, which is 68% (17/25) of the total number of persons.
The second cluster has an average silhouette width of 0.27 and
consists of 8 persons, which is 32% (8/25) of the total number
of persons. The medoids of these clusters were used to translate
these clusters in personas. Two personas were created using the
variable values of these medoids, and these can be found in
Figure 1 (the meaning of the symbols used in the persona
descriptions are given in Multimedia Appendix 3). The first
persona is Peter (representing cluster 1), who has heart failure
with reduced ejection fraction and an ischemic etiology. Second,
the persona Barbara represents cluster 2, who has heart failure
with reduced ejection fraction, hypertension, atrial fibrillation,
and her estimated glomerular filtration rate was reduced (43

mL/min/1.73 m2). Barbara has had a prior hospitalization for
heart failure.

Figure 1. Personas developed in the first step on the basis of clustering electronic patient record data. Multimedia Appendix 3 shows the meaning of
the symbols used in the persona descriptions. The red background indicates the medical characteristics. f: female; m: male.
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Clustering Health-Related Data Enriched With
Person-Related Data
In the second step, we clustered the data set with health-related
data, interview data, and the eHEALS questionnaire [17]. After
the cluster analysis, an average silhouette plot was created
yielding 2 clusters, and this can be found in Figure S2 of
Multimedia Appendix 4. The corresponding average silhouette
width for 2 clusters is 0.11.

Of the total of 25 persons, the first cluster consists of 10 persons
(40%) with an average silhouette width of 0.08. The second
cluster consists of 15 persons (60%) with an average silhouette
width of 0.12. Persona descriptions were made based on the
medoids within the 2 clusters, and these can be found in Figure
2. The first persona is Eva, who was diagnosed with heart failure
with reduced ejection fraction of 33% and atrial fibrillation 2
years ago. Eva has a score of 10 on the EQ-5D-5L questionnaire
on a scale from 5 to 25, indicating a good quality of life with
slight problems or health issues. Eva mentioned 1 way of
positive coping and 2 ways of negative coping. Eva owns a
smartphone, computer, and a tablet. She uses this technology

for social purposes (eg, social media) and for gaining
information. Moreover, she has a mean score of 4 on the
eHEALS questionnaire, indicating a moderately high capacity
for engaging in eHealth. Correspondingly, Eva indicated that
she has experience with eHealth technologies.

Christoph is a 75-year-old married male who had vocational
education. He has 2 children and is currently unemployed.
Christoph was diagnosed with heart failure with reduced ejection
fraction 2 years ago. Besides, he has a left ventricular ejection
fraction of 37% and an estimated glomerular filtration rate of

60 mL/min/1.73 m2. Christoph has ischemic heart disease.
Christoph has an implantable cardiac resynchronization therapy
defibrillator or an implantable cardioverter defibrillator to
support his heart function. Christoph has a score of 5 on the
EQ-5D-5L questionnaire, indicating a good quality of life. He
mentioned 2 ways of negative coping with problems. Christoph
owns a computer but no smartphone or tablet. Moreover, he has
a score 3 on the eHEALS questionnaire, indicating a moderate
capacity for engaging in eHealth. Moreover, Christoph indicated
that he has no skills in working with eHealth technologies.

Figure 2. Personas developed in the second step on the basis of clustering electronic patient record data, data from the interviews, the eHealth Literacy
Scale questionnaire, and the 5-dimension 5-level Euro quality of life questionnaire. Multimedia Appendix 3 shows the meaning of the symbols used in
the persona descriptions. The red background indicates the medical characteristics, and the blue background indicates the technical characteristics. f:
female; m: male.

Clustering Health- and Person-Related Data Combined
With Log Data
In the third step, we enriched the health- and person-related data
with usage log data that are typically collected after the design
phase. After the cluster analysis, an average silhouette plot was
created yielding 3 clusters. This average silhouette plot can be
found in Figure S3 in Multimedia Appendix 5. The
corresponding average silhouette width for 3 clusters is 0.08.

Of the 25 persons, the first cluster consists of 15 persons (60%)
with an average silhouette width of 0.09. The second cluster
consists of 5 persons (20%) with an average silhouette width
of 0.12. The third cluster consists of 5 persons (20%) with an
average silhouette width of 0.04. Persona descriptions were
made based on the medoids within the 3 clusters, and these can
be found in Figure 3.

The first persona is Pete (representing cluster 1) who was
diagnosed with heart failure with a reduced ejection fraction
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and an ischemic etiology 2 years ago. Pete did not mention any
positive ways of coping and 2 ways of negative coping.
Moreover, he has no smartphone or tablet, but he owns a
computer. He had a score of 3 on the eHEALS questionnaire,
indicating doubts in his skills to use information technology for
health and mentioned that he has no skills in using eHealth
technologies. During the pilot study, Pete indicated that he had
no symptoms in the heart failure–symptoms questionnaire.

Besides, alarms were mainly generated for heart rate (n=13)
and diastolic blood pressure (n=10). During the pilot study, Pete
showed a usage pattern in which only new measurements were
started (n=77) and sent to the monitoring system (n=63). He
visited his measurement history 1 time. Besides, he did not use
other functionalities within iMediSense. His quality of life after
using the monitoring system (EQ-5D-5L mean score of 5) did
not change after using the monitoring technology.
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Figure 3. Personas developed in the third step on the basis of clustering electronic patient record data, data from the interviews, the eHealth Literacy
Scale questionnaire, the 5-level 5-dimension Euro quality of life questionnaire, and log data. Multimedia Appendix 3 shows the meaning of the symbols
used in the persona descriptions. The red background indicates the medical characteristics, the blue background indicates that the technical characteristics,
and the green background indicates the log data from the pilot of iMediSense. f: female; m: male; NYHA: New York Heart Association.

Sarah represents cluster 2, and she was diagnosed with heart
failure and reduced ejection fraction 1 year ago. Her estimated

glomerular filtration rate was 88 mL/min/1.73 m2. Sarah has
chronic obstructive pulmonary disease comorbidity and her goal
is to maintain a stable weight. Sarah mentioned 1 way of coping
positively and 3 ways of negative coping. Moreover, she owns
a smartphone, tablet, and a computer. She finds her own skills

in using of information technology for health reasonably high
(eHEALS mean score of 4) and indicated that she has experience
with eHealth technologies, but she does not see an added value.
During the pilot study, Sarah indicated a mixed pattern of
symptoms through the heart failure–symptoms questionnaire.
She mentioned that she was restless, forgetful, and lacked
concentration (n=4); she had reduced effort level (n=5), a
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reduced appetite (n=4), a more than normal increase in fatigue
(n=7), increased shortness of breath (n=3), and cough or tickling
cough (n=2). Her quality of life increased slightly (EQ-5D-5L
mean score of 13) compared to her quality of life before using
iMediSense (EQ-5D-5L mean score of 12). During the pilot
study, alarms were mainly generated for heartbeat (n=29).
Besides, alarms for diastolic blood pressure were generated 13
times, and the alarms for systolic blood pressure were generated
17 times. In iMediSense, Sarah started a new measurement 52
times, sent the symptoms measurement 36 times, and the
physical measurement 37 times. Besides, she opened her
measurement history 54 times and opened her profile page 37
times. Furthermore, she visited other functionalities a few times.

The third persona is Elizabeth (representing cluster 3) who was
diagnosed with heart failure 2 years ago. She has hypertension
comorbid with diabetes. Moreover, she has an estimated

glomerular filtration rate of 47 mL/min/1.73 m2 and has been
hospitalized before the current visit. Elizabeth has a score 3 on
the eHEALS questionnaire, indicating doubts in her skills to
use information technology for health. The main symptom that
Elizabeth mentioned through the heart failure–symptoms
questionnaire was moisture in legs and abdominal distension
(n=37). During the pilot study, alarms were almost daily
generated for systolic blood pressure (n=58) and diastolic blood
pressure (n=43). In a much lower amount, alarms were generated
for heart rate (n=5) and for weight (n=1). In iMediSense,
Elizabeth shows a usage pattern in which she mainly started
new measurements (n=165), sent the symptoms measurements
(n=68), and looked into her measurement history (n=87). Her
quality of life increased a little (EQ-5D-5L mean score of 8)
compared to her quality of life before using iMediSense
(EQ-5D-5L mean score of 7).

Discussion

Principal Findings
The practice of creating personas is widely accepted to ensure
the fit between a technology and the target group or end users
throughout all phases of development. Our demonstration of
PAT shows that this approach can be used for developing
personas through clustering mixed data in an iterative way to
align with the process of eHealth development. This way, the
richness of the persona increases as the development of an
eHealth technology continues, while the use of a clustering
algorithm partially ensures that these are objectively determined.
PAT has the advantage that (1) the use of medoids makes the
results easy to interpret, (2) mixed data can be used, and (3)
personas can be iteratively developed. Below, we will elaborate
on these advantages, and lastly, we will describe the
disadvantages that we have encountered, along with a possible
solution and direction for the future.

For the development of personas with heart failure by using
PAT, we have used medoids as a method to find representatives
for each group of users that have similar characteristics
(clusters). These medoids have a minimum dissimilarity with
other patients in the same cluster. Data from this representative
patient (medoid) can be used for describing the persona. Holden
et al [13] used comparative statistical tests between clusters to

see on which variables these clusters differ. Subsequently, only
the means of the variables that significantly differ are used to
describe the personas [13]. PAT has several advantages
compared to this approach. The first is that it is also suitable
when the number of participants is low (which often occurs in
the UCD process) since comparative statistical tests are also
highly dependent on the number of participants. Second, PAT
is less labor-intensive since it does not require to conduct
comparative statistical tests. Third, it is easier to interpret, for
example, a mean value of 0.5 on gender is difficult to interpret,
which does not occur when medoids are used.

Besides the use of medoids, PAT allows including mixed data
for persona development. In our demonstration of PAT on data
collected in a project guided by the steps of the CeHRes
roadmap, we were able to include data collected through
questionnaires, interviews, EPR, and log data. This way, a more
holistic understanding of the users can be reached. Moreover,
including mixed data can be seen as an application of method
triangulation [26]. For example, the NYHA classification of
patients was extracted from EPRs, which is a description of the
severity of the heart failure based on symptoms, and this
classification ranges from I (no symptoms or limitations) to IV
(severe limitations). However, the symptoms that a patient
experiences and the way in which this limits the patient in his
or her daily life might be understood in a more holistic way
when adding data that are collected through another method.

Lastly, we saw how PAT aligned with the order in which data
collection methods were deployed in the Twente Teach project.
When applied during the development process, personas can
be constantly updated based on newly collected data. This
constantly updating of personas overlaps with the concept of
Digital Twins [27]. The difference is that the current approach
is focused on an up-to-date description of users on a group level,
whereas Digital Twins are applied on an individual level. This
ensures that the persona remains applicable and clear in the
complex process of eHealth development. However, we do
argue that the concept of “adaptive intelligence” should also be
applied when PAT is used. This means that the personas are
developed using an algorithm but that they become meaningful
when domain knowledge is used for translating these personas
into practical implications for targeting the users of the eHealth
technology.

Although we found several advantages of PAT in this study,
the results show that the quality of clusters decreases when
qualitative data from the interviews are used in the cluster
analysis (as expressed by the lower silhouette width). This,
however, does not mean that the interview data are invaluable.
Rather, it may imply that attention should be paid to what kinds
of data are available or should be collected and how these are
collected. Typically, health-related data are present for all
patients included in a study, whereas the collection of more
person-oriented characteristics of our patients or user groups is
less standardized and defined. We argue that information about
the person should be included, as health-related variables are
measured more often and often in a more structured way, making
them easier to use. The variables that stretch beyond health and
tell us more about our user as a person, his/her background,
circumstances, abilities, motivations, and values are at least as
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valuable to measure and use to create personas. However, this
study shows that data quality is an issue when modeling the
personas, and this occurs more often in less standardized
variables. This applies to many of the information types
described in LeRouge et al’s framework [10], which focuses
on a broader context of eHealth user characteristics [10]. For
example, technology use (technical specifics) or
information-seeking attitudes (health care specifics) are
potentially very relevant but are constructs that are rarely part
of a standard and standardized medical assessment. To be able
to use such possibly relevant variables, they should be measured
in a more structured way.

Another possible remedy to this decreasing quality of clusters
when adding qualitative data is to use domain knowledge for
deciding which variables should be included in the cluster
analysis or to summarize multiple variables into 1 variable (eg,
use feature engineering or a factor analysis). However, since
targeting eHealth users based on more than 1 variable is
associated with a higher effectiveness of interventions [28], we
state that a more systematic collection of person-oriented
characteristics should be preferred. We argue that the steps
below should be iteratively completed during the eHealth
development process. These are also applicable in other contexts
(eg, other target groups, when data are collected in a different
order):

1. Collect data using a variety of methods and make sure that
person-related variables are collected in a structured way.

2. Check whether variables are normally distributed and adjust
analysis accordingly.

3. Carry out a cluster analysis to group participants into similar
clusters.

4. Describe the clusters based on medoids and draw personas
on the basis of the data that are known of these medoids.

5. Add qualitative data from these medoids to these personas
to increase the richness of the persona descriptions.

6. Use domain knowledge to translate the personas into
practical implications for the eHealth system to better target
the eHealth to the users.

Limitations
Owing to the explorative design of this study, the small sample
size of 1 clinical center, and the homogeneous sample
accordingly, it remains unclear to what extent results can be
generalized across patients with heart failure and other situations
and groups of people. However, the focus of this study was to
show how PAT might be used to develop personas; therefore,
generalization was not a condition for useful results.
Nevertheless, the question remains to what extent cluster results
can still be used within a development process when collecting
a larger amount of data from the group of end users. Moreover,
usage log data of iMediSense could not be used because there
was too little variation in that data: adherence was high (almost
100%) and the ways in which users could navigate through the
platform were limited. It would be relevant to explore to what
extent clustering results are of predictive value for the ways in
which users navigate through a system, when indeed adherence
and navigation patterns vary. Further, application of remote
coaching and education to promote self-management may alter
the clustering and predictive value of navigation through the
system, which warrants further research.

Future Work
In future research, we will develop personas, including a larger
number of participants, thereby allowing to test this combined
approach on a larger sample. Moreover, intended use will be
coupled with these personas, and usage log data will be used to
see whether participants use it as intended. By continuing our
research this way, we hope to learn how to attune technological
features to our user. We hypothesize that technology personas
can inspire developers to put the right persuasive features [29]
in the designs and tailor them accordingly to different users.
Moreover, in this study, we focused on how users can be better
targeted using the PAT method. Specific methods for targeting
eHealth are personalization, tailoring, and adapting eHealth. In
future research, we aim to carry out a systematic review into
how eHealth technologies are personalized. More specifically,
we aim to investigate what information from the user is collected
to personalize the eHealth technology accordingly. Because we
will also map out the effectiveness of these different types of
personalization, we can also make a recommendation for the
variables that should be considered when developing personas.
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Abstract

Background: Gestational diabetes mellitus (GDM) affects 5%-10% of pregnancies and can lead to serious fetal and maternal
complications. SMS text messaging is an effective way to improve diabetes management outside of pregnancy, but has not been
well studied in GDM.

Objective: This study aimed to perform user experience testing and assess usability and acceptability of an SMS text messaging
program (Text 4 Success) for women with GDM.

Methods: An automated 2-way texting program was developed. It included (1) reminders to check blood glucose levels, (2)
positive feedback to user-reported glucose levels, (3) weekly educational messages, and (4) weekly motivational messages. For
the user experience testing, women received simulated messages. For the usability study, women were enrolled in the program
and received messages for 2 weeks. All women participated in semistructured interviews. For women in the usability study, data
from glucose measuring devices were downloaded to assess adherence to self-monitoring of blood glucose (SMBG), measured
as the percentage of recommended SMBG checks performed (a secondary outcome).

Results: Ten women participated in user experience testing. Suggestions for optimization included further customization of
message timing and minimization of jargon, which were incorporated. Ten women participated in the usability study. All 10
would recommend the program to other women with GDM. Participants liked the immediate feedback to glucose values.
Suggestions included further flexibility of messages related to mealtimes and the ability to aggregate blood glucose data into a
table or graph. Overall, adherence to SMBG testing was high at baseline (222/238 recommended checks, 93%). In comparing
the week prior to the trial with the 2 weeks during the trial, there was a small but statistically insignificant difference (P=.48) in
the percentage of recommended SMBG performed (median 93% [25th-75th IQR 89%-100%] vs median 97% [25th-75th IQR
92%-100%]).

Conclusions: Overall, women with GDM would recommend the Text 4 Success in GDM program and think it is helpful for
GDM self-management. The program was usable and acceptable. The program may be better suited to those who have low levels
of adherence to SMBG at baseline or to women at time of their diagnosis of GDM. Adaptations to the program will be made
based on user suggestions. Further study of SMS text messaging to improve SMBG in GDM is needed.

(JMIR Hum Factors 2022;9(1):e32815)   doi:10.2196/32815
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Introduction

Gestational diabetes mellitus (GDM) is a common condition,
affecting 5%-10% of pregnancies in the United States [1], and
has important implications for maternal and child health. Poorly
controlled GDM can cause adverse fetal outcomes including
preterm delivery, neonatal hypoglycemia, and fetal demise, as
well as increased maternal risk for preeclampsia, Cesarean
sections, and other complications [2]. The cornerstone of
management relies on lifestyle modification and self-monitoring
of blood glucose (SMBG), typically 4 times daily. As soon as
the diagnosis of GDM is made, women are asked to start
intensive monitoring very quickly [2,3]. The blood glucose
values obtained not only allow women to understand their blood
glucose trends but are also essential for clinicians to tailor
therapy, including if pharmacologic treatment is indicated and
whether adjustments to dosing are needed. Without the crucial
information from SMBG, women and their clinicians cannot
work together for optimal glucose control during pregnancy.
However, many women have difficulty adhering to this intensive
monitoring [4-6], and a study found that women with poor
adherence to SMBG are more likely to have poor pregnancy
outcomes including preeclampsia [7]. Therefore, a mobile health
intervention that could improve SMBG in GDM could be very
impactful.

SMS text messaging programs have been shown to improve
glycemic control in diabetes outside of pregnancy [8,9]. There
is preliminary evidence that SMS text messaging programs are
well-received by women with GDM [10,11], though more
research is needed. Two-way texting is patient centered and
may improve engagement in care but has not been well-studied
in GDM. Additionally, the SMS text messaging technology can
be applied remotely, which became very relevant during the
COVID-19 pandemic [12].

SMS text messaging programs have the advantage of being
highly accessible and easily scalable, compared with apps that
are only available on smartphones and require downloading and

opening for use, and are more expensive to develop [8,13,14].
For these reasons, we developed an automated 2-way SMS text
messaging program designed to increase SMBG in women with
GDM. This study aimed to first assess user experience (phase
1), followed by usability and acceptability of an SMS text
messaging program for women with GDM (phase 2). As a
secondary outcome, we aimed to gather data about the program’s
effect on adherence to SMBG.

Methods

Development of the Text 4 Success in Gestational
Diabetes Text Messaging Program
We designed an automated SMS text messaging program for
women with GDM called Text 4 Success in Gestational Diabetes
(referred to as Text 4 Success). When designing the messages,
we applied 2 components of the Health Belief Model:
cue-to-action (the stimulus needed to take a health action) and
self-efficacy (confidence in one’s ability to undertake a health
action) [15]. The program included several different types of
messages: (1) reminders to check blood glucose values fasting
and 1 hour after meals (based on mealtimes reported at
enrollment), (2) positive feedback on user-reported blood
glucose values (with high or low values automatically prompting
users to contact their clinical care team), (3) educational
messages, and (4) motivational messages (Table 1). The
reminders to check blood glucose values address the
cue-to-action component of the Health Belief Model, providing
an external stimulus to engage in SMBG [15]. The educational
messages were designed to supplement information about GDM,
physical activity, and healthy eating provided by clinicians. The
positive feedback and motivational messages incorporate
elements of self-efficacy from the Health Belief Model [15].
For instance, “You’ve got what it takes to keep checking your
numbers!” specifically relates to a woman’s belief in her ability
to carry out a behavior. More specific information about each
component and sample messages are shown in Table 1 and
Figure 1.

Table 1. Text 4 Success in Gestational Diabetes components.

ExampleDescriptionComponent

Hello! This is a Text 4 Success reminder to check
your number before eating your first meal. Please
reply with your number only.

Sent 4 times per day, 30 minutes before reported time of breakfast, and
then 1 hour after reported time of breakfast, lunch, and dinner. Users
were asked to text back their glucose values.

Reminders to check
glucose values

Keep up the great work checking your numbers and
taking charge of your health!

In response to submitting glucose values, participants received encour-
aging feedback. In addition, an automatic algorithm sent messages
based on glucose range (Figure 1).

Feedback on blood
glucose values

Eating nutritious foods is a key part of staying
healthy. One healthy snack is a plain Greek yogurt.
Click for a list of more snacks:
http://tinyurl.com/y2az4zn6

One per week sent at participants’ choice of time per day.Educational messages

If you feel off track, know that every day is another
chance to get back on track!

One per week sent at participants’ choice of time per day.Motivational mes-
sages
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Figure 1. Algorithm for feedback on blood glucose.

The messages were reviewed by a multidisciplinary group of
experts, including endocrinologists, maternal–fetal medicine
physicians, a behavioral psychologist, and a nutritionist. All
information on the texting platform was at an eighth-grade
reading level or below and available in English or Spanish based
on participant preference. The program was specifically
designed as an adjunct to clinical care. Therefore, participants
were prompted by the text responses to contact their clinicians
for both high and low glucose values that were out of desired
range (fasting 61-94 mg/dL, postprandial 61-139 mg/dL). It
was also designed in such a way that clinicians would not have
the additional responsibility of monitoring the program in real
time.

Phase 1: User Experience Testing of the Text 4 Success
Text Messaging Program

Participants
Women 18 years and older with GDM were recruited in Boston,
Massachusetts, at a tertiary care center and affiliated clinics.
Women were recruited by research assistants after clinical
appointments as well as by clinicians seeing patients in
maternal–fetal medicine obstetric clinics and endocrinology
clinics focused on diabetes in pregnancy. A research assistant
then obtained verbal informed consent. Participants received a
parking voucher worth US $9 for participation.

At this institution, 2-step testing is used for the diagnosis of
GDM [2]. GDM was defined by Carpenter–Coustan criteria
applied to a 3-hour 100-g oral glucose tolerance test [16], a
glucose value of ≥200 mg/dL after a 50-g glucose challenge
test at >12 weeks of gestation, or a diagnosis of GDM
documented in the electronic health record by a health care
provider. Other inclusion criteria included completion of eighth
grade, English or Spanish speaking, and ownership of a mobile
phone with texting capability. Exclusion criteria included type
1 or type 2 diabetes or a hemoglobin A1c level ≥6.5% in the
first trimester.

We performed user experience testing, defined as evaluation of
a person’s responses as the result of the use of a system [17].
The goal of this process was to gather initial feedback on the
design of the program as well as the phrasing and content of
the messages in order to incorporate suggested changes.

Study Procedures
Members of our study team (RAB and JMD) met individually
with each woman, sent simulated text messages from a study
laptop to a study mobile phone held by the participant, and
conducted semistructured interviews in English or Spanish to
assess their opinions of the program. These meetings were
in-person and took approximately 30-45 minutes to conduct. A
research assistant (JMD) took notes during each interview.
Messages were revised in an iterative manner based on user
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feedback. After the changes were made, we launched usability
testing.

Phase 2: Usability Testing

Participants
Inclusion criteria were similar to user experience testing. For
usability testing, women additionally had to be ≤36 weeks of
gestation and needed to have an unlimited SMS text messaging
plan. Given that standard of care for GDM includes SMBG, all
women were self-monitoring blood glucose typically using a
glucometer or, in 1 case, a continuous glucose monitor. Women
were recruited by clinicians at routine clinic visits. A research
assistant then obtained verbal informed consent. Participants
received a parking voucher worth US $22 for completing the
study. They did not receive any specific compensation for
replying to text messages.

Study Procedures
Women were enrolled in the SMS text messaging program for
2 weeks. The women started receiving text messages 24 hours
after enrollment. Participants received a welcome message with
opt-out information (users could easily unsubscribe by sending
a text message stating “STOP”). They also received a message
explaining the account is not monitored by a clinician in real
time and to contact their care team with any clinical questions.
They then answered a series of brief initial text messages with
questions about mealtimes so that their reminders to check blood
glucose could be timed accordingly. They were also sent
baseline and end of study demographic questionnaires via a
message on the secure patient portal used by the institution or
by email, depending on patient preference. Questionnaires were
designed and administered using REDCap (Research Electronic
Data Capture) electronic data capture tools hosted at Harvard
Catalyst, the Harvard Clinical and Translational Science Center
[18,19]. REDCap is a secure, web-based software platform
designed to support data capture for research studies. At the end
of 2 weeks, women participated in semistructured interviews
so we could obtain their feedback and assess their experience
with the program. Interviews took approximately 30-45 minutes
to complete and were conducted via Zoom, a cloud-based
videoconferencing service offering features including online
meetings and secure recording of sessions [20]. Audio-only
calls were performed and the recording function was used to
record the interviews.

After the study concluded, women were asked to drop off their
glucometer or continuous glucose monitor at their clinic sites
or mail their glucometer to the study staff using a prepaid
shipping method. Data from these devices were then downloaded
to determine the number of times that women were checking
their blood glucose levels each day 1 week prior to and the 2
weeks during the study. We assessed the electronic health record
to determine the number of blood glucose checks per day
recommended by the clinician.

Measures and Analyses
Participants reported their age, race/ethnicity, and education
level. We accessed the electronic medical records to determine

gestational age at diagnosis of GDM as well as gestational age
at enrollment into the study.

Likert scale questions were asked to assess usability and
acceptability of the program as part of semistructured interviews
performed at the end of 2 weeks. Participants were also asked
open-ended questions about usability and acceptability of the
program to better understand the Likert scale answers, as well
as to obtain suggestions for improvement. This method of
combining quantitative (Likert scale) and qualitative
(open-ended) data has been used in a previous study [21].
Interview recordings were transcribed by an outside transcription
service (Landmark Associates, Inc.). Two independent
researchers (CEH and RAB) coded responses to determine
themes, which were then organized by program component or
as general program suggestions. Dedoose (Dedoose, LLC), a
qualitative data program, was used to code the interview
responses.

As a secondary outcome, we assessed adherence to
recommended SMBG for the 1 week prior to enrollment
compared with the 2 weeks during enrollment based on the data
downloaded from glucose monitoring devices. The percentage
of recommended glucose checks was determined by the total
number of glucose levels checked divided by the total number
of glucose checks recommended by the participant’s clinician.
If a participant checked more often than the recommended
checks, this percentage was still calculated as 100% of
recommended checks.

Statistical Analyses
The adherence rates for each participant were calculated for the
week before and 2 weeks during the study. Adherence rates
were assessed using the Shapiro–Wilk test for normality. To
compare the SMBG adherence the week before and in the 2
weeks during the study, the Wilcoxon rank sum test was used.
P values of <.05 were considered significant. Median and
25th-75th IQRs are reported.

Ethics Approval
This study was approved by the Partners Healthcare Institutional
Review Board, with the protocol numbers 2019P000010 for
phase 1 and 2019P002591 for phase 2.

Results

Phase 1: User Experience Testing Results
We performed user experience testing with 10 women with
GDM. Women were an average of 33.2 (3.2) years old. Five
were White and non-Hispanic Latina, 3 were White and
Hispanic/Latina, 1 was Black, and 1 was Asian. Four spoke
English as their native language (3 spoke Spanish; 3 spoke other
languages [Vietnamese, Haitian Creole, and Greek]). Two user
experience sessions were conducted in Spanish using Spanish
text messages and interview questions. Seven women had
completed a college degree. Three were nulliparous and 3 had
GDM in a prior pregnancy. Five were using insulin as treatment
for GDM and 5 were on dietary therapy alone.

After the program was explained, all women expressed interest
in using the SMS text messaging platform if it were available.
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Overall, women preferred messages without medical jargon.
For example, our original welcome message was “Welcome to
Text 4 Success in Gestational Diabetes (Txt4GDM)! You will
receive reminders & info about GDM.” An early participant
asked what the “M” stood for because GDM is not often referred
to as “gestational diabetes mellitus” in conversations with
patients. We therefore shortened the name of the program to
Text 4 Success. Women suggested customization options, such
as the option to pick the time of day to receive educational or
motivational messages, which we incorporated. Finally, women
wanted the messages to be more specifically related to GDM.
For example, an educational message that said “Drinking water,
instead of soda or juice, is healthy for you” was edited to include
“and can help regulate your numbers” based on participant
feedback.

Phase 2: Usability Testing Results

Overview
Ten women underwent usability testing and their characteristics
are shown in Table 2. The majority of participants were White
and all were college educated. All reported receiving text
messages from their doctors’ offices or pharmacies. No women
replied “STOP” to unsubscribe to the text messages throughout
the 2-week study period. On average, women were diagnosed
3 weeks prior to enrollment to the study, during which time
they had been performing SMBG. Overall, women responded
to 67.9% (380/560) of text messages that they received from
the SMS text messaging program.

Table 2. Characteristics of the usability study population (n=10).

ValueCharacteristic

36.5 (4.0)Age (years), mean (SD)

27.3 (1.1)Weeks of gestation at GDMa diagnosis, mean (SD)b

30.4 (5.2)Weeks of gestation at study enrollment, mean (SD)

Race/ethnicity, n (%)

9 (90)White

1 (10)Asian

0 (0)Hispanic

0 (0)Black

0 (0)Multiple

0 (0)Other

Native language, n (%)

7 (70)English

3 (30)Otherc

Highest reached education, n (%)

0 (0)Some or all of high school

0 (0)Some college

8 (80)College graduate

2 (20)Graduate degree or higher

3 (30)Nulliparous, n (%)

3 (30)GDM in prior pregnancy, n (%)

6 (60)Used insulin during this pregnancy, n (%)

aGDM: gestational diabetes mellitus.
bTwo participants had a clinician diagnosis of GDM and started monitoring blood glucose levels (using fingersticks) early in their pregnancy so we did
not have a formal date of diagnosis for them. This value is the average for the other 8 participants.
cOther includes Farsi, Gujarati, and Hebrew.

Interview Results
All 10 participants completed the usability interview at the
completion of the 2 week study. All participants stated they
would recommend the program to other women with gestational
diabetes. One participant mentioned that the program may be
more helpful for women who do not check their blood glucoses

frequently. Four women wanted to use the program for 2 weeks,
1 woman wanted to use it for 1-2 months, 4 wanted to use the
program for their entire pregnancy, and 1 wanted flexibility to
decide. Eight out of the 10 women thought the amount of text
messages was just right (not too many or too few) and 2 thought
there were too many messages. Seven of the 10 women said
they would prefer an app, either for more flexible timing of
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reminders or for a way to aggregate blood glucose levels into
a graph or table. One participant was neutral and 2 preferred
SMS text messaging.

Responses to the Likert scale questions from all women
assessing if the components of the SMS text messaging program
were understandable and useful are shown in Table 3, using a
Likert scale with 5 as the easiest or most helpful and 1 as not

easy/not helpful. For helpfulness of reminders to check blood
glucose levels, the mean was 3.3 (moderately helpful), with 5
women rating them as a 4 or 5, 2 women rating them as a 3,
and 3 women rating them as a 1 or 2. Participants also reported
aspects that they felt could be improved for future iterations.
Below we describe the feedback for each component of the
SMS text messaging program as well as overall suggestions for
the program.

Table 3. User feedback on SMS text messaging components by Likert scale.

Mean (SD)Component

Four times daily reminders to check glucose

5.0 (0.0)Understandabilitya

3.3 (1.3)Helpfulnessb

Feedback messages to glucose values

4.8 (0.4)Understandability

3.7 (1.1)Helpfulness

Educational texts

5.0 (0.0)Understandability

3.8 (0.9)Helpfulness

Motivational texts

5.0 (0.0)Understandability

4.0 (1.3)Helpfulness

aParticipants were asked for each type of message about understandability: on a scale from 1 to 5, where 1 is not easy, 3 is moderately easy, and 5 is
very easy, how easy was it for you to understand these messages?
bParticipants were asked for each type of message about helpfulness: On a scale from 1 to 5, where 1 is not helpful, 3 is moderately helpful, and 5 is
very helpful, how helpful were these messages?

Reminders to Check Glucose Levels
Participants felt that reminders to check glucose levels, which
included a request to text back in a glucose value, were easy to
understand and helpful (Table 3). Participants liked that the
reminders were brief and clear. One woman spoke specifically
about how challenging it can be to suddenly have to engage in
intensive monitoring and how the reminders were helpful in
making that transition.

I think it can be overwhelming to start having to check
from going to not doing this at all and then having to
do it four plus times per day. Particularly for people
who are really busy, it’s just so easy to forget. Even
since I stopped getting the text messages, today I
remembered it’d been two and a half hours since I
last took my blood sugar. I think just getting those
reminders made it a lot easier to remember to check.

Participants’ mealtimes varied day to day so they would have
preferred more flexibility in being able to text in numbers at
other times of the day rather than the set mealtimes entered at
the beginning of the program.

It would almost work better if I could text in and say,
“Just finished eating,”...and then it would give you
a reminder that an hour later to test.

Two women suggested that if they did not reply to a reminder
with their glucose value, a second reminder be sent after a given
period.

Feedback to Glucose Values
Participants liked that the program had 2-way SMS text
messaging and that feedback messages were sent back to them
based on glucose values sent to the program. In addition, 2
women used the SMS text messaging chain as a way to track
their glucoses, either transcribing them to tracking sheets or as
a primary way to report them to their providers.

It was very nice that as soon as you input, it
immediately tells you whether you’re in range or not.
That’s super nice. If you don’t know what you actually
have to be it will tell you you’re doing good or no,
you should be in this range.

Four women found the text of the replies to glucose values
repetitive and suggested more variety in the feedback responses.
There were 4 rotating replies available when glucoses were in
normal range, and only 1 reply if low (<60 mg/dL) or high (≥200
mg/dL).

I think having a wider range of responses that you
get would be great. Some of the responses tended to
be the same each day.
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Educational Messages
Women appreciated practical educational tips, especially the
text message that had a link to healthy snacks. Overall, 7 women
wanted more than once weekly messages with educational
content. Three suggested that the program could include more
texts with links to additional information, such as exercise
videos, healthy dessert recipes, or advice specifically around
high fasting blood glucose.

Having only two messages in that week was like, okay,
what else is there to know? I feel like there’s gotta be
more, right? Especially maybe even frontloading more
information early in the program would be nice.

Motivational Messages
Seven women found these messages quite encouraging and
liked them.

When you get a discouraging number, it’s easy to get
stuck in your head, so to just get a positive
reinforcement like, “It's just one number. You can get
back on track,” it was encouraging.

One woman did not find the motivational messages particularly
helpful and 2 women were neutral. One woman suggested that
the frequency of motivational messages could be adjusted based
on user preferences, which could allow for women to select
these types of messages more or less often depending on how
helpful they found them.

General Program Suggestions
Overall, suggestions fell into 2 major categories: increased
functionality and increased customizability. In terms of
increased functionality, 7 participants suggested that there be
some sort of graph or table that could aggregate their responses
to the reminders.

It would be really nice if it was something that would
generate a weekly report or something about your
numbers since it’s taking that information that then
you could share with the doctor or maybe could be
automatically shared with your physician. I think
something like that would be really, really helpful in,
again, accountability and having a way to know when
you’re overall on track or off track.

This type of graph or table functionality could either be achieved
using an accompanying website associated with the texting
platform or via an app. Specifically related to educational
content, 1 woman suggested an app as that could have a more
comprehensive library of information.

Second, women reported wanting increased customizability of
the program. For example, 2 women specifically mentioned
that they would have preferred to pick different mealtimes on
weekdays compared with weekends. Two suggested that the
educational messages could be tailored to areas of GDM
management they were most struggling with, such as receiving
educational messages specifically about managing fasting
glucose levels.

Self-Monitoring of Blood Glucose Adherence Results
All participants had their glucose monitoring data downloaded
from their glucose measuring devices (9 glucometers and 1
continuous glucose monitor).

We assessed the adherence to SMBG by calculating the
percentage of recommended checks. The data for 1 week prior
to the study were available for 9 out of 10 women because 1
woman was diagnosed and started SMBG at time of enrollment.
Women were checking a median of 93% (25th-75th IQR
89%-100%) of recommended fingerstick blood glucose levels
in the week prior to enrollment. During the 2 weeks in the trial,
women checked a median of 97% (25th-75th IQR 92%-100%)
of recommended glucose levels. The percentage of
recommended fingerstick blood glucose levels was not
significantly different when comparing the 1 week prior with
the 2 weeks during the study (P=.48).

Discussion

Principal Findings
Overall, the Text 4 Success in Gestational Diabetes program
was found to be usable and acceptable to women with GDM,
with all women in the usability study saying they would
recommend the program to other women with GDM. We used
2 components of the Health Belief Model to design the program:
cue-to-action and self-efficacy [15]. The cue-to-action reminders
were helpful according to the women in the study. The
motivational messages targeting self-efficacy were
well-received. The first step of user experience testing allowed
us to refine messages and program structure prior to the usability
study in an iterative fashion. In the 2-week usability study, 8 of
10 women thought the number of text messages (up to 4
reminders and 4 feedback messages per day) was just right. This
number of text messages is higher than is usually seen for SMS
text messaging programs during pregnancy (3-7 messages per
week) [10,11,22]. There was a range in how long women wanted
to use the program, with 4 reporting they would want to use it
for their entire pregnancy.

Women reported that the program helped them make the rapid
transition to SMBG 4 times daily, which is typically required
in GDM. With high acceptability of the program, women were
interested in further adaptations to the program, such as more
flexible mealtimes, the ability to aggregate blood glucose values
into a chart or graph, and more educational content. Although
many stated they would prefer an app, some of the reasons they
wanted an app could be addressed using a modified text message
program alone or with an accompanying website. For example,
for more flexible mealtimes, we could follow the suggestion of
having users text in a keyword or keywords such as “ate meal”
and then users would get a text reminder 1 hour later to check
their blood glucoses. Additionally, an SMS text messaging
program could have an accompanying website with a graph or
table of glucose values and could include additional information
about GDM as well. In addition to patients being able to see
their blood glucose levels, clinicians could also view the data
via a secure portal.
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Alternatively, an app could be developed with push notifications
for reminders to check blood glucose levels, more educational
content, and summaries of glucose data. In fact, several apps
for GDM have been developed without the specific focus of
SMBG adherence. These apps have a range of features including
graphs of glucose data, though few include specific reminders
to check blood glucose levels [23,24]. When considering a future
iteration of this program, it is notable that the cost of developing
and maintaining an app is much more resource intensive than
developing and maintaining an SMS text messaging program
[14], and is thus more expensive [25,26]. Additionally, in
resource-poor settings, fewer patients have access to
smartphones with the ability to use apps [27]. A median of 76%
of people in advanced economies own a smartphone and a
median of 45% of people in emerging economies own a
smartphone, whereas 94% of people in advanced economies
and 83% of people in emerging economies own a mobile phone
[27].

The study was not powered to detect differences in SMBG
adherence comparing baseline with study duration and the
intervention did not significantly increase the adherence rate
for SMBG. Many women in the usability study had a very high
adherence rate to SMBG (a median of 93%) prior to the study,
which is higher than the average of approximately 70%
adherence rate that has been described [28]. This high baseline
adherence rate suggests that in the future, the program would
be better suited to patients who have a lower baseline adherence
to SMBG. The participants in the usability study all had a high
level of education (college degree or higher) which may have
played a role in their high baseline adherence rate [7].

Limitations
There were several limitations to our study. The study was
conducted at a single academic center. Participants were
recruited by clinicians, so we do not have characteristics of
those who declined participation. Participants in the usability
testing all had a college degree or higher which could make
findings less generalizable to patients of a lower socioeconomic
status. The messages were well received in the user experience
testing group as well, which had 3 participants without a college
degree. The usability study only included 10 women, though
other usability studies can have similar sample sizes [29,30].
The usability study did not include Spanish-speaking women.
The usability testing only lasted 2 weeks so we do not have
opinions on how the intervention would be received for a longer
time frame. Participants only received 2 educational and 2
motivational text messages in the 2-week study, so feedback
on those components is limited. The usability testing itself was
not iterative, though it built upon feedback from the user
experience testing. Finally, there was approximately a 3-week
period between diagnosis of GDM and enrollment into the study,
which may have led to the high baseline rates of glucose
monitoring.

Comparison With Prior Work
There have been a few recent studies assessing the impact of
automated messaging on adherence to SMBG [11,31]. Johnson
et al [11] conducted a 4-week intervention with 1-way texting
in 19 women with GDM in the United States. One text message

per day was sent, either a reminder to check blood glucose or
an educational message. Nearly 67% felt the messages helped
them remember to check glucose levels. In contrast to Johnson
et al [11], our program gave immediate feedback to blood
glucose levels via an algorithm, which women in our study
reported that they found helpful.

In contrast to using an SMS text messaging program, several
studies have used an app to increase SMBG. Peleg et al [31]
designed an app that sent messages to user smartphones to
encourage monitoring of a variety of different parameters
including blood glucose in 19 participants with GDM in Spain.
Glucometers were connected to user smartphones via Bluetooth
and 4 reminders to check blood glucose levels were sent daily
based on entered mealtimes. The system sent a message in
response to elevated blood glucose readings to the patient and
to the care provider. There was an improvement in mean
adherence to SMBG in the intervention group (101%, SD 10%)
compared with mean adherence in a historical control of 247
patients (87%, SD 28%; P=.03). Adherence was calculated such
that it could be >100%. Neither Johnson et al [11] nor Peleg et
al [31] described basing their program on an underlying health
behavior change theory and neither mentioned soliciting patient
input in the message development process.

There have been 3 randomized controlled trials of interventions
conducted in Israel, China, and the United Kingdom that
involved frequent communication with clinicians facilitated by
an app and evaluated the effect on compliance to glucose
monitoring [28,32,33]. Data on glucose levels were transmitted
via Bluetooth from glucometers (or could be manually entered
into the app in 1 study [32]). These 3 studies were similar to
one another in that all required intensive communication from
clinicians to participants (either daily or 3 times per week).
None of the studies mentioned how these responsibilities were
balanced with other clinical care. All showed improvement not
only in adherence to SMBG but also in glycemic control.

There was one recent study examining a 1-way SMS text
messaging program in GDM that was not specifically related
to SMBG adherence [10]. The program sent 3 supportive or
educational messages per week. Participants felt that the
messages helped their motivation for diabetes self-care. Similar
to our findings, participants wanted more educational and
supportive messages and also desired more recipes.

Conclusions
Our program is a novel 2-way texting program designed for
women with GDM consisting of automated reminders and
feedback to patients about their blood glucose values without
requiring clinical staff to manage messages in real time. It allows
feedback to be given by an algorithm rather than using clinician
time, which has been brought up as a criticism of 2-way texting
scalability [8]. Two components of the Health Belief Model
(cue-to-action and self-efficacy), along with patient input, were
used to design and refine the program. The program was easily
understood and well received. The program may be better suited
to women with a low baseline adherence rate to SMBG or to
women at the time of their diagnosis of GDM. Women provided
suggestions to improve the program, including having more
customizability and functionality, which could be achieved with
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an accompanying website or by conversion to an app. These
suggestions will be incorporated into the next iteration of the
intervention. Further study, including a randomized controlled

trial, is needed to assess this SMS text messaging program on
adherence to SMBG.
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Abstract

Background: Mobile health systems have been shown to be useful in supporting self-management by promoting adherence to
schedules and longitudinal health interventions, especially in people with disabilities. The Interactive Mobile Health and
Rehabilitation (iMHere) system was developed to empower people with disabilities and those with chronic conditions with
supports needed for self-management and independent living. Since the first iteration of the iMHere 1.0 app, several studies have
evaluated the accessibility and usability of the system. Potential opportunities to improve and simplify the user interface were
identified, and the iMHere modules were redesigned accordingly.

Objective: In this study, we aim to evaluate the usability of the redesigned modules within the iMHere 1.0 app.

Methods: We evaluated the original and redesigned iMHere modules—MyMeds and SkinCare. The Purdue Pegboard Test was
administered to assess the participants’ dexterity levels. Participants were then asked to perform a set of tasks using both the
original and redesigned MyMeds and SkinCare modules to assess their efficiency and effectiveness. Usability was measured
using the Telehealth Usability Questionnaire to evaluate 10 new accessibility features that were added to the redesigned app.
Participants were also asked which version they preferred.

Results: In total, 24 participants with disabilities and varying degrees of dexterity impairments completed the entire study
protocol. Participants displayed improved efficiency and effectiveness when using the redesigned modules compared with the
original modules. The participants also reported improved usability and preferred the redesigned modules.

Conclusions: This study demonstrated that the iMHere system became more efficient, effective, and usable for individuals with
dexterity impairments after redesigning it according to user-centered principles.

(JMIR Hum Factors 2022;9(1):e23794)   doi:10.2196/23794

KEYWORDS

cellular phone; mobile apps; telemedicine; adaptive mHealth; rehabilitation; self-care; spinal cord injury; spina bifida; chronic
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Introduction

Background
The advent of smartphones has transcended the mobile phone’s
original purpose—the ability to make phone calls anywhere.
Notably, smartphones have radically altered the way people
communicate with friends and family, coordinate daily activities,
and organize their lives. At the most fundamental level,
smartphone users expect their devices to provide an immediate
and reliable means of managing their everyday lives [1,2].

One of the most significant emerging trends in the health-related
use of smartphones is the proliferation of mobile health
(mHealth) apps. These apps can be implemented in a variety of
settings, with many focusing on monitoring, managing, and
supporting health-related behavior changes [3]. One of the most
common type of health-related app focuses on the management
of chronic conditions, such as obesity, chronic pain, and type
2 diabetes mellitus, through patient empowerment [4-6].

People with disabilities, however, are one of the largest
populations facing health issues that limit their function and
participation. The World Health Organization estimates that
over 1 billion people, about 15% of the world’s population, live
with some form of disability [7]. As the population continues
to age, the rate of disability continues to rise, in part owing to
chronic conditions and the effects of aging itself. Many people
with disabilities also have limited access to health care.

Given the high degree of portability and adaptability, mHealth
can facilitate self-management and community integration by

providing support when the user is between medical visits or
in any location, including outside the home. These features may
be particularly useful in supporting people with disabilities,
who often have limited access to health care and
community-based resources to support independent living. The
support provided by mHealth may allow users to address
secondary complications, which are not always addressed
adequately in the outpatient setting, thereby reducing the cost
of care [8-10]. Strong evidence supports the importance of using
tools to promote self-management skills to improve the health
outcomes and independence of people with disabilities [11,12].

Despite the need for mHealth tools to support self-management,
a Pew Research Center survey in 2016 found that 65% of people
with disabilities have low confidence in their ability to use the
internet and other communication devices to keep up with
information [13]. This is further compounded by a general lack
of awareness of the accessibility features of apps and the skills
to use mobile devices optimally [14]. In addition, many
mainstream mHealth apps are not designed to address usability
or accessibility [15].

The Interactive Mobile Health and Rehabilitation (iMHere)
system is an mHealth system that was developed to empower
people with disabilities and those with chronic conditions with
the skills needed for self-management and independent living
[16]. The iMHere 1.0 system originally consisted of a
smartphone app for people with disabilities and a web-based
portal for clinicians, bridged by a 2-way communication protocol
(Figure 1).

Figure 1. Interactive Mobile Health and Rehabilitation platform—MyMeds and SkinCare modules as seen by user.

The iMHere 1.0 app comprised a suite of 5 modules to support
medication management (MyMeds), skin integrity (SkinCare),
bowel management, bladder self-catheterization, and mental
health. People with disabilities could use this suite of modules
to report compliance with treatment regimens, ask questions,

and receive personalized treatment plans, educational materials,
and messages from the clinician. On the clinician side, a
web-based monitoring portal allowed clinicians to engage with
patients and track their adherence to a specific and
individualized treatment plan. By accessing the iMHere portal,
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clinicians were able to monitor patients’ adherence to
self-management activities, view reported problems and issues,
and send personalized treatment plans to patients [16].

Given the vast health care implications of using mHealth
solutions in people with disabilities, usability testing of mHealth
apps is needed. Usability testing has been widely used in the
people with disabilities population to test mobile
self-management programs. Payne et al [17] demonstrated that
usability testing of a web-based e-counseling platform to
promote behavioral self-management in patients with chronic
heart failure had favorable outcomes in improving the navigation
of the website. Williams et al [18] also assessed the usability
of a pediatric cardiovascular disease risk factor tool, which
yielded revisions through tester feedback to make the mobile
app more user-friendly. Thirumalai et al [19] evaluated the
development process of a telehealth app used by people with
multiple sclerosis through a usability study, which incorporated
revisions into the final app. These previous works highlight the
importance of usability testing, as it can help identify issues
specific to the people with disabilities population that may not
have been addressed by program developers in the first iteration
of the mHealth solution.

We conducted extensive user acceptance and usability testing
of the iMHere system. In the past, 3 studies on the accessibility
of iMHere 1.0 have been conducted. In the first study by Yu et
al [20], the iMHere 1.0 system was tested for usability. In this
study, the modules were tested for self-management workflow,
user interface and navigation, and patient-clinician
communication. All participants in the study were interested in
daily use of the phone app, with the MyMeds and SkinCare
modules used frequently by all users, as demonstrated by the
consistent use of the phone app during the 6-month intervention
period. The clinical portal allowed clinicians to continually
monitor patients’ conditions and take appropriate steps to
prevent secondary complications [20].

In a subsequent study by Yu et al [21], the iMHere 1.0 app was
tested for accessibility in 6 participants with spina bifida (SB).
The study specifically explored participant experiences with
the user interface and the navigation of the module. All 6
participants viewed the modules positively with regard to their
support for self-management activities, as indicated by the
Telehealth Usability Questionnaire (TUQ) scores (6.52/7 points,
93%). This was further strengthened by the efficiency of
performance, as it was noted that shorter times to complete tasks
and reduced error rates were seen over repeated trials. In this
study, a few avenues for improvement to accessibility were
identified, including the need for changes to accommodate users
with dexterity impairments.

In a subsequent study, Yu et al [22] explored the accessibility
needs and preferences of iMHere users with various disabilities
that lead to dexterity impairments. Participants completed 5
tasks, and the difficulty-on-performance (DP) was calculated.
As expected, a higher degree of dexterity impairment
demonstrated more problems in task completion. A few potential
issues and barriers were identified, including changes needed
to the user interface to create a consistent design, instructive
guidance, and simpler cognitive processes in the use of the app.

Objectives
The modules within iMHere 1.0 were redesigned based on these
prior studies. The aim of this study is to evaluate the usability
of redesigned modules within iMHere 1.0. Hypothesis 1 was
that usability (as defined by efficiency and effectiveness) would
be higher when completing tasks in the redesigned modules
compared with the original modules. Hypothesis 2 was that
usability (as measured by the TUQ, which evaluates learnability
and satisfaction) would be higher in the redesigned modules,
compared with the original modules [23].

Methods

Overview

Modules
This study was designed to evaluate the usability of two modules
of the iMHere system: the original and redesigned versions of
MyMeds and SkinCare. These modules were specifically
selected because of the high rates of medication use and pressure
ulcers in the people with disabilities population. Medication
mismanagement and inadequate care of pressure injuries are
the causes of high rates of hospitalization in the people with
disabilities population and significantly increase morbidity
[24-26]. These modules were also the most complex iMHere
modules in terms of functionality.

MyMeds Module
The MyMeds module helps users manage their medications by
providing reminders and monitoring medication adherence.
Persons with conditions, such as SB and spinal cord injuries
(SCIs), for example, are frequently prescribed several
medications for managing neurogenic bowel, neurogenic
bladder, spasticity, pain, and depression. Taking multiple
medications multiple times per day, while at the same time
having to consistently follow other complex self-management
routines can be particularly challenging. The MyMeds module
helps patients adhere to their medication regimens by providing
reminders or cues, keeping track of all their medications and
medication schedules (including those medications currently
prescribed or prescribed in the past), and reporting if and when
the medications have been taken.

SkinCare Module
The SkinCare module reminds users to perform routine
inspections of their skin, enables users to take pictures and track
any wound or skin conditions that have developed, and at the
same time provides the ability to communicate with clinicians
on how to care for these problems. For people with SB or SCI;
for example, constant vigilance is needed to prevent pressure
injuries, particularly in the lower limbs and buttocks, where
sensation may be impaired. Pressure injuries are not only
detrimental to the patient owing to increased mortality and
increased intensive care unit and hospital length of stay but also
present a significant health care burden given increased health
care costs and health care use following discharge [27-29].
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Study Design
This study was approved by the Institutional Review Board of
the University of Pittsburgh (PRO12090453). All participants
provided informed consent for participation. The participants
were recruited from local outpatient rehabilitation medicine
clinics. A sample size calculation was performed using the
Wilcoxon signed-rank test (2-sided). A sample size of 14
achieved 91% power to detect a mean of paired differences of
1.0, with an estimated SD of paired differences of 1.0, with a
significance level (α) of .05.

The inclusion criteria were as follows: users must be between
the ages of 18 and 64 years, have fine motor dexterity
impairments, have potential for skin breakdown (defined by
diagnosis or lack of sensation), and use at least one (prescription
or nonprescription) medication. The exclusion criteria were as
follows: users with vision, hearing, or speech limitations that
entirely precluded the use of a smartphone. Individuals were
not excluded if they had used iMHere in a prior study, but a
4-month washout period was used to mitigate learning effects.

Usability was defined according to the usability attributes by
Nielsen [30]. The Nielsen model of usability was selected as a
framework for this study, as it is multifaceted in its approach
to the many dimensions of usability. We examined the usability
constructs of efficiency and effectiveness (including errors;
hypothesis 1) by assessing task time and errors made. We also
used a validated usability survey (TUQ) to measure the usability
constructs of learnability and satisfaction (hypothesis 2). We
also evaluated user preferences. This design has been used in
prior research [31-34]. Participants were first randomly assigned
to use either the original or redesigned modules. Participants
were then crossed over and provided with alternate modules,
such that each participant served as his or her own matched
control. As such, we elected not to test memorability in this
study, as testing of memorability would confound our washout
period between testing of the original and redesigned modules.
Data were collected either in the laboratory or at the site of the
participant's choosing (ie, home or office).

Demographics, Training, and Dexterity
A background questionnaire was administered to collect the
participants’demographic data, previous experience with mobile
phones, and knowledge of mHealth technologies.

A face-to-face orientation and training session (approximately
15 minutes) was conducted to introduce the MyMeds and
SkinCare modules. Participants were trained to perform the
tasks for each of the modules using a trial medication bottle and
a mock skin problem image. Participants were scheduled to
complete the second set of modules after a 3-week period. This
crossover period served as the washout period to minimize the
learning effects.

To assess the participants’dexterity levels, the Purdue Pegboard
Test (PPBT) was administered to measure the movements of a
person’s fingers, hands, and arms [35-39]. The PPBT was
initially developed by Joseph Tiffin in 1948 to test the manual
dexterity of those seeking employment in industrial jobs, such
as factory workers on an assembly line. Although most
individuals no longer have occupations akin to factory workers,

technological advancements have created new requirements for
high dexterity, such as typing on a computer keyboard or
messaging on a cell phone. Despite the cultural shifts in the past
few decades to include technology such as mobile devices, the
PPBT has been shown to be valid and reliable for wrist and
hand disorders and has since been adapted for use in testing
dexterity in the clinical setting [40,41].

The PPBT consists of 3 tests at 30-second intervals using the
right hand, left hand, and both hands. In each test, participants
were asked to pick up pins, collars, or washers from the top of
the pegboard and drop them in the peg holes as rapidly as
possible in 30 seconds. The score for each test was based on
the total number of pins, collars, or washers that dropped in the
holes correctly. A composite score was calculated by summing
the scores from these 3 tests, yielding the right+left+both hands
score. This score represents participants’overall dexterity levels.
Lower right+left+both hands scores indicate a higher degree
of dexterity impairment. On the basis of their right+left+both
hands scores, participants were categorized into the following
3 groups reflecting their dexterity levels:

• Group 1: users with mild dexterity issues as defined by
PPBT scores for the right+left+both hands scores ranging
from 1 SD to 3 SD below the generic mean of factory
workers.

• Group 2: users with moderate dexterity issues as defined
by right+left+both hands scores >3 SD below the generic
mean of factory workers.

• Group 3: users with severe dexterity issues as defined by
the inability to perform the PPBT (right+left+both hands
score=0).

Efficiency and Effectiveness
Participants were then asked to perform a set of tasks using both
the original and redesigned MyMeds and SkinCare modules.
The think aloud method for product design and development
was used to gain comprehensive knowledge of participants’
experiences, including any experienced frustration [42].
Specifically, participants were asked to verbally describe their
intentions and actions to the researcher as they performed the
following tasks:

• Task 1: schedule a new medication—participants were
asked to locate the correct medication, add information
about their regimen, and set up a reminder.

• Task 2: modify a medication reminder—participants were
asked to change the alert time for medication.

• Task 3: respond to a medication alert—participants were
asked to indicate whether a medication was taken.

• Task 4: set up a schedule to check the skin—participants
were asked to set a daily alert to conduct a skin evaluation.

• Task 5: modify an alert for skin check—participants were
asked to change the alert time for the scheduled skin
evaluation.

• Task 6: report a skin issue—participants were asked to
identify a skin issue, and then take a picture and enter data
into predefined fields within the module, describing the
affected skin region, including location, color, size, depth,
and tissue condition.
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• Task 7: update or track changes in an existing skin
issue—participants were asked to reassess previously
identified skin issues and track changes by taking pictures
and filling out a form describing the affected skin region,
including location, color, size, depth, and tissue condition.

• Task 8: set personalized configurations for user interface
presentations—participants were asked to record a preferred
module list, background, text size, and target size to
optimize interactions. This task was conducted only for the
redesigned module.

Task 8 was performed only when a participant was testing the
redesigned modules.

The following variables were collected:

• Efficiency
• Average task time: the time in seconds for a participant

to complete each task was measured and then averaged
across all 8 tasks.

• Effectiveness
• Number of steps in each task: number of actions taken

by the participant to complete a given task.
• Number of mistakes in each task: when a participant

reported a problem finishing a task, it was counted as
a mistake. Mistakes were tallied to each task.

• Error rate: the sum of mistakes divided by the total
number of steps required to complete a task.

• Mistake recovery: ability of participants to correct
mistakes. Step-by-step observation notes were used to
record the status of mistake recoveries, which were
used to describe the DP experienced by a participant
during mistake recovery. The DP score was calculated

as the sum of weighted scores, where a lower DP score
indicated better and easier performance on the task.
1. The participant solved the problem without any

help.
2. The participant needed help solving the problem,

addressed in one sentence.
3. The participant needed help solving the problem,

addressed in 2-4 sentences.
4. The participant did not solve the problem.

Learnability and Satisfaction

Overview
Usability was measured using TUQ (Table 1). The TUQ
measures constructs of usability, such as learnability and
satisfaction. Learnability, as defined by Nielsen [30], assesses
how easily users can accomplish a task the first time they
encounter the interface and how many repetitions it takes for
them to become efficient at that task. The TUQ has been shown
to have high validity, reliability, and internal consistency [23].
It provides a more comprehensive evaluation of telehealth tools,
given that it has combined existing sources in telemedicine
(such as the Telemedicine Satisfaction Questionnaire) and
computer software interface (such as the Technology Acceptance
Model and the IBM Post Study System Usability Questionnaire).
Participants were asked to rate the extent to which they agreed
with 21 statements using a scale from 1 to 7 (minimum score
21; maximum score 147). Statements are grouped into six
domains: usefulness, ease of use and learnability, interface
quality, interaction quality, reliability, and satisfaction and future
use. The average TUQ scores were calculated for each of the 6
domains and overall. A higher score reflects higher usability.
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Table 1. Telehealth Usability Questionnaire items.

Questionnaire itemsComponents

Usefulness

Telehealth improves my access to health care services1

Telehealth saves me time traveling to a hospital or specialist clinic2

Telehealth provides for my health care needs3

Ease of use and learnability

It was simple to use this system1

It was easy to learn to use the system2

I believe I could become productive quickly using this system3

Interface quality

The way I interact with this system is pleasant1

I like using the system2

The system is simple and easy to understand3

This system is able to do everything I would want it to be able to do4

Interaction quality

I could easily talk to the clinician using the telehealth system1

I could hear the clinician clearly using the telehealth system2

I felt I was able to express myself effectively3

Using the telehealth system, I could see the clinician as well as if we met
in person

4

Reliability

I think the visits provided over the telehealth system are the same as in-
person visits

1

Whenever I made a mistake using the system, I could recover easily and
quickly

2

The system gave error messages that clearly told me how to fix problems3

Satisfaction and future use

I feel comfortable communicating with the clinician using the telehealth
system

1

Telehealth is an acceptable way to receive health care services2

I would use telehealth services again3

Overall, I am satisfied with this telehealth system4

User Preferences
We measured user preferences by asking each participant
whether they preferred the original or redesigned modules and
the reasons for those preferences.

Accessibility
The following 10 accessibility features were demonstrated to
participants in the redesigned app as part of the training during
the study:

1. Customized module list: this feature provides the user with
the ability to customize their app by hiding or showing a
selected module from the home screen. The participants
were able to personalize their home screens with the
modules that were most applicable to them.

2. Customized text display: this feature allows the user to set
up a reading size that is comfortable for them in the
redesigned modules. The size, color, bold, and italic
versions of titles, text, attention text, and warning text were
predefined in the iMHere modules relative to the settings
of the display text.

3. Customized theme: this feature allows the user to select
their preferred background and text color.

4. Customized button size: customized button size was created
after a user pressed their index finger on the screen to record
her or her fingertip size. The smartphone then adapts button
or icon size accordingly for all iMHere modules. Given the
dexterity impairment in the study population, this feature
improved the accuracy in making selections using a
customized button target size.
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5. Customized keyboard: the iMHere app provided a
customized keyboard with softer keys, larger key sizes, and
preconfigured characters. Customized keyboards were used
primarily for the MyMeds module, where users could easily
enter medication dosage information. When using the
customized keypad to enter 2 tablets, for instance, only 2
touches were needed, 2 and tablet. This customized keypad
was designed to reduce the number of touches required on
the smartphone screen.

6. Ability to take pictures of a pill or bottle: using this feature,
users could take a photo of a pill or medication bottle and
upload it into his or her medication schedule.

7. Color-coding: this feature matched the color with the
module name. For instance, the title for the SkinCare
module on the home page was highlighted in red. When
navigating through the SkinCare modules, all screens under
the module had a red bar.

8. Navigational short cut: this feature allowed users to create
personalized settings for the home screen, such as a list of
modules.

9. Text guidance: the modules provided short text cues with
self-training instructional notes on the screen and were
highlighted in a particular color.

10. Voice guidance: the modules used text-to-speech
technology, which allowed users to listen to text guidance
as audio output.

We asked participants to rank the importance of each
accessibility feature, using a 10-point Likert scale (1 indicated
that this feature was the most important and 10 indicated that
this feature was the least important). The average ranking was
then calculated for each accessibility feature.

Statistical Analysis
Descriptive statistics were calculated for the demographic and
usability variables, including PPBT scores.

The α level was set at .05. All statistical analyses regarding
hypotheses 1 and 2 were carried out using Wilcoxon signed-rank
tests. To test the first hypothesis, the original and redesigned
modules were compared in terms of efficiency (average task

time) and effectiveness (number of steps, number of mistakes,
error rate, and mistake recovery). As some experienced users
were recruited, a secondary analysis using the Mann-Whitney
U test was used to explore whether differences in average task
time for the original and redesigned modules between
experienced and inexperienced users could be because of a
learning effect not mitigated by the washout period. To test the
second hypothesis, the original and redesigned modules were
compared in terms of usability (average overall TUQ and
average TUQ domain scores).

Results

Overview
A total of 28 participants were recruited for this study; 2 (7%)
participants were excluded based on the exclusion criteria: 1
(4%) user was blind, and 1 (4%) user had both vision and
dexterity impairments that precluded the use of a smartphone.
Moreover, 4% (1/28) of participants was not able to complete
the entire protocol because of severe dexterity impairments, as
assessed by PPBT scores. In addition, 4% (1/28) of participants
dropped out because of scheduling conflicts. Therefore, in total,
24 participants (n=8, 33% females and n=16, 67% males)
completed the entire study protocol.

Demographics and Dexterity
The demographics of the participants are presented in Table 2.
Participants’ ages ranged from 18 to 64 years, with an average
age of 28 years (SD 6.3 years). Of the 24 participants, 14 (58%)
patients had SB, 5 (21%) had SCI, 3 (13%) had cerebral palsy,
1 (4%) had muscular dystrophy, and 1 (4%) had cerebellar
ataxia. In total, of the 24 participants, 22 (92%) patients were
right-hand dominant, 21 (88%) were smartphone users, 2 (8%)
were regular mobile phone users, and 1 (4%) participant did
not use any mobile device; 12 (50%) participants had used a
mobile phone for <2 years, and 20 (83%) participants used a
smartphone for at least 60 minutes per day. In addition, 21%
(5/24) of participants had finished graduate-level education,
while 71% (17/24) of participants had received a high school
or equivalent education.
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Table 2. Participant demographics (N=24).

ValuesDemographic details

28 (6.3)Age (years), mean (SD)

Gender, n (%)

15 (63)Male

9 (38)Female

Highest level of education, n (%)

17 (71)High school

5 (21)Higher education

Disability, n (%)

14 (58)Spina bifida

5 (21)Spinal cord injury

3 (13)Cerebral palsy

1 (4)Muscular dystrophy

1 (4)Cerebellar ataxia

Type of phone, n (%)

2 (8)Regular

21 (88)Smart

1 (4)N/Aa

Years of use, n (%)

12 (50)<2

11 (46)>2

1 (4)N/Aa

Daily use, n (%)

3 (13)<60 min/day

20 (83)>60 min/day

1 (4)N/Aa

aN/A: not applicable.

Of the 24 participants, 7 (29%) participants had previously used
the iMHere modules (experienced), and 17 (71%) participants
had not previously used any iMHere modules (inexperienced).
The experienced participants had stopped using iMHere for at
least 4 months before participating in this study, a washout
period that we expected the participants did not carryover
significant learning from previous experience. Of the 7
experienced users, 4 (57%) participants remembered
approximately 5% of the process to complete the tasks in the
original modules and approximately 10% of the process in the
redesigned modules. Furthermore, 43% (3/7) of participants
had no recollection of how to use the modules.

All participants’ PPBT scores (right+left+both hands) were at
least 1 SD below the generic mean (46.8, SD 4) of factory
workers (Multimedia Appendix 1). There were 8 participants
in group 1, 12 participants in group 2, and 5 participants in
group 3.

Efficiency: Average Task Time
Table 3 shows the average time in seconds for all participants
to complete tasks 1-7 using the original and redesigned modules.
The average time for the 24 participants to complete tasks 1-7
in the original modules was approximately 48 seconds. This
time dropped by 35% to 31 seconds when completing the tasks
using the redesigned modules. Participants’ speed in completing
tasks 1, 2, 4, and 6 improved by >30% when comparing the
redesigned modules with the original modules. A significant
difference was found in the average task time for all tasks,
except task 3, when comparing the original with the redesigned
modules. Overall, a Wilcoxon signed-rank test showed that the
total average task time for each participant was significantly
different between the original and the redesigned modules
(W=0.0; Z=−4.3; P<.001).
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Table 3. Comparison of the average task time for all participants.

StatisticsTime difference,
seconds (%)

Redesigned modules (task time
in seconds), mean (SD)

Original modules (task
time in seconds), mean
(SD)

Tasks

P valueZ valueW value

<.001−4.23−41.7 (−37.7)68.9 (23.1)110.5 (36.5)Task 1: schedule a medication alert

<.001−3.624−14.5 (−36.5)25.1 (11.1)39.6 (15.2)Task 2: modify a medication alert

.85−0.21440.1 (1.8)4.3 (2.9)4.2 (3.1)Task 3: respond to a medication
alert

<.001−3.817−8.5 (−33.7)16.7 (6.6)25.3 (11.2)Task 4: schedule skin check

.007–2.756−5.3 (−24.4)16.5 (9.5)21.8 (9.4)Task 5: modify a skincare alert

<.001−4.31−32.7 (−40.2)48.5 (12.0)81.2 (17.8)Task 6: report a new skin problem

<.001−4.09−17.2 (−30.6)38.8 (11.0)56.0 (15.2)Task 7: track the changes of a skin
issue

The average time in seconds to complete tasks using the original
and the redesigned modules for the 29% (7/24) experienced
participants and the 71% (17/24) inexperienced participants is
shown in Table 4. A secondary analysis revealed no significant
difference in average task time between the experienced (n=7;
mean 49.0, SD 36.6) and inexperienced participants (n=17;

mean 48.0, SD 37.4) when using the original modules (U=59;
Z=−0.03; P=.98), or between the experienced (n=7; mean 31.6,
SD 23.8) and inexperienced participants (n=17; mean 31.1, SD
21.7) when using the redesigned modules (U=59, Z=−0.03;
P=.98).

Table 4. Experienced versus inexperienced: average task time for all participants.

Redesigned modulesOriginal modulesTasks

Inexperienced (task time
in seconds), mean (SD)

Experienced (task time in
seconds), mean (SD)

Inexperienced (task time in
seconds), mean (SD)

Experienced (task time in
seconds), mean (SD)

66.7 (15.8)74.1 (36.5)111.2 (31.8)109.0 (49.2)Task 1: schedule a medication alert

26.7 (12.1)21.4 (7.7)37.0 (12.9)46.0 (19.5)Task 2: modify a medication alert

4.5 (3.3)3.9 (1.2)4.2 (3.6)4.2 (1.6)Task 3: respond to a medication
alert

16.8 (6.6)16.5 (7.1)25.2 (9.4)25.4 (15.8)Task 4: schedule a skin check

15.7 (8.0)18.4 (13.1)22.0 (9.5)21.2 (10.1)Task 5: modify a skincare alert

48.9 (12.0)47.6 (12.7)81.2 (18.1)81.1 (18.4)Task 6: report a new skin problem

38.7 (12.0)39.2 (9.2)54.9 (17.1)58.7 (18.4)Task 7: track the changes in skin
issues

As shown in Table 5, participants with severe dexterity issues
(group 3) required approximately 55 seconds on average to
complete the tasks using the original modules. The time to
complete the tasks improved by 40% (33 seconds) using the

redesigned modules, which was the largest improvement among
the 3 groups. The speed of participants with mild and moderate
dexterity impairments (groups 1 and 2) to complete these tasks
with the redesigned modules improved by >30%.

Table 5. Group comparison of the average task time.

Time difference, seconds (%)Redesigned modules (task time in seconds), mean
(SD)

Original modules (task time in seconds), mean
(SD)

Tasks

−12.8 (−28.8)31.7 (5.7)44.6 (8.0)Group 1

−17.7 (−37)30.2 (6.5)47.9 (11.4)Group 2

−19.1 (−34.8)35.8 (10.8)54.9 (14.1)Group 3

The activities in task 8 for configuring personalized settings
include choosing preferred modules, changing the background
and text color, changing the text display size, and choosing the
button or target size. Participants required approximately 36
seconds (SD 9.0 seconds) to complete this task. Specifically,

participants with mild dexterity issues (group 1) spent 32.8
seconds (SD 7.07 seconds), participants with moderate dexterity
issues (group 2) spent 34.4 seconds (SD 9.98 seconds), and
those with severe dexterity issues (group 3) spent 42.2 seconds
(SD 6.67 seconds) to complete this task.
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Effectiveness

Overview
Table 6 shows the total number of steps to complete the tasks,

the total number of mistakes committed, the calculated error
rate, and the total DP scores recorded for participants completing
tasks 1-7 using the original and redesigned modules.

Table 6. Comparison of total steps, mistakes, and error rate.

Redesigned modulesOriginal modulesTasks

Total DPError
rate, %

Total mistakes,
n

Total steps,
n

Total DPaError
rate, %

Total mistakes,
n

Total steps,
n

81.54264699.332360Task 1: schedule a new medication

41.421444110.921192Task 2: modify a medication alert

0002400024Task 3: respond to a medication
alert

00012092.95144Task 4: schedule a skin check

52.53120123.16168Task 5: modify skin check alert

81.34312212.613480Task 6: report new skin problem

51.63192365.916264Task 7: update the existing skin
problem

301.41611761885.7931632Total

aDP: difficulty-on-performance.

Number of Steps
Figure 2 shows the average number of steps required by each
participant to complete tasks 1-7 when using both the original
and redesigned modules. On average, 68 steps
(15+8+1+6+7+20+11) were required for a participant to
complete tasks 1-7 using the original modules. This number

dropped by approximately 25% to 49 steps (11+6+1+5+5+13+8)
for the redesigned modules. In both modules, tasks 1 and 6
required the greatest number of steps to complete the task. A
statistically significant difference was found in the number of
steps for a participant to complete tasks in the original (mean
9.71, SD 6.26), and redesigned modules (W=0.0; Z=−2.2;
P=.03).

Figure 2. Number of steps for participants to complete tasks.
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Number of Mistakes and Error Rate
A total of 93 mistakes were identified when the participants
completed the tasks using the original modules. Only 16
mistakes were identified when participants completed tasks
using the redesigned modules, with an 82.8% drop rate. The
reduction in the total number of mistakes for participants
completing tasks 1-7 using the redesigned modules (mean 0.63,
SD 1.13) compared with the original modules (mean 3.88, SD
2.66) was significantly lower (W=0.0; Z=−2.2; P=.03).

Mistake Recovery
The total DP score for participants to complete tasks 1-7 using
the redesigned modules (mean 4.29, SD 3.30) was significantly
lower than that for the original modules (mean 26.86, SD 23.65;
W=0.0; Z=−2.2; P=.03).

While using the original module, participants were able to
self-correct 22% (21/93) of the mistakes identified without any
assistance (DP=1), 55% (52/93) after 1 sentence of assistance
(DP=2), and 21% (20/93) after 2 sentences of assistance (DP=3).
With the redesigned module, participants were able to
self-correct 18% (3/16) of the mistakes without any assistance
(DP=1), 73% (11/16) of the mistakes after 1 sentence of

assistance (DP=2), and 6% (1/16) of the mistakes after 2
sentences of assistance (DP=3).

Learnability and Satisfaction
Figure 3 shows a comparison of the mean TUQ scores from the
domain of the TUQ for the original and redesigned modules.
On average, participants’ usability scores improved from 83%
(5.86/7, SD 0.97 points) for the original modules to 92% (6.46/7
points, SD 0.53 points) for the redesigned modules, an 8.6%
improvement rate. The greatest improvements in user
satisfaction were noted for ease of use and learning (15.45%),
interface quality (10.97%), interaction (10.24%), and reliability
(13.78%). The average TUQ scores for usefulness, and
satisfaction and future use increased by >7%. The difference
in usability between the original and redesigned modules was
significant (W=210; Z=3.9; P<.001).

Figure 4 illustrates the average overall TUQ scores for each of
the 24 participants using the original and redesigned modules.
With the exception of participants 15 and 21, who had the same
average overall TUQ score for both modules, all other
participants had higher scores for the redesigned modules. The
average overall TUQ scores were significantly different when
comparing scores for the original and redesigned modules
(P<.001).

Figure 3. Comparison of Telehealth Usability Questionnaire (TUQ) factors and scores.
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Figure 4. Telehealth Usability Questionnaire (TUQ) scores from participants.

User Preferences
Of the 24 participants, 11 (46%) tested the original modules
first, followed by a test of the redesigned modules. A total of
50% (12/24) of participants tested the redesigned modules first,
followed by a test of the original modules. When we asked
participants’ preferences regarding the use of the original or
redesigned modules, 79% (19/24) of participants indicated that
they preferred the redesigned modules, 13% (3/24) possibly
preferred the redesigned modules, and 4% (1/24) preferred the
original modules.

Participants who preferred the redesigned modules appreciated
the ease of navigation and display of the redesigned modules

owing to less typing and larger target. Others found the voice
guidance to be useful, stating the guide gets user’s attention for
directional notes.

Only 4% (1/24) of participants preferred using the original
modules, stating that it looks clean compared with the
redesigned modules. This participant chose the picture of
bamboo as a background in the redesigned modules, which
made the redesigned modules look busy. However, the
participant preferred the redesigned module in terms of flow in
use compared with the original modules.

Importance of Accessibility Features
Table 7 shows rankings of the 10 new accessibility features.

Table 7. Importance of accessibility features.

Ranking based on the average scoresAverage scores10-item Likert scale (1=most important; 10=not important)Serial no

22.8Customized module list1

94.0Customized text display2

105.3Customized theme3

33.1Customized button size4

43.3Customized keyboard5

83.8Ability to take a picture of a pill or a bottle6

73.8Color-coding7

63.5Navigational short cuts8

12.7Text guidance9

43.3Voice guidance10

Table 8 summarizes the accessibility importance rankings
grouped by dexterity levels. Regardless of their dexterity level,

all participants preferred using text guidance, ranking it highly
across groups. Participants with mild to moderate dexterity
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impairments preferred to use both voice guidance and text
guidance equally. However, users with severe dexterity
impairments ranked the voice guidance feature as less important.
Owing to their physical limitations with respect to holding a
smartphone and accessing the volume control button,

participants with severe dexterity impairments had problems
turning off the voice using the volume control button. The ability
to change the button size and use the customized keypad was
more essential for participants with severe dexterity issues.

Table 8. User preference for new accessibility features.

Ranking based on the average scoresAverage scoresFeatures

Group 3Group 2Group 1Group 3Group 2Group 1

4173.22.23.7Customized module list

8784.43.84.0Customized text display

710104.24.57.3Customized theme

1442.83.03.6Customized button size

2723.03.83.0Customized keyboard

2693.03.64.7Ability to take a picture of a pill or a bottle

6933.83.93.4Color-coding

8544.43.13.6Navigational short cuts

4213.22.52.0Text guidance

10245.02.53.6Voice guidance

Discussion

Principal Findings
The use of mHealth as a self-management intervention is a new
field of research. The iMHere system is unique in that it is
specifically designed to support the self-management of people
with disabilities. A previous systematic review by Nussbaum
et al [43] identified several mHealth apps relevant to the field
of rehabilitation medicine and identified only 3 mHealth apps
focused on self-management, including the iMHere system.
The iMHere system has been shown to be feasible for use in
the SB and SCI populations, and its use has been associated
with improvements in self-management skills, caregiver
assistance needed, frequency of urinary tract infections, and
depressive symptoms [44,45]. In addition, Nguyen et al [46]
used a web-based application to promote dyspnea
self-management in persons with chronic obstructive pulmonary
disease. Duggan et al [5] evaluated the SMART2 app in the
self-management of chronic pain. Both mHealth apps
demonstrated positive outcomes and effectiveness in
self-management of the respective conditions they evaluated.
However, there remains a paucity of apps focused on
self-management in people with disabilities with motor,
cognitive, and sensory impairments.

This study further adds to the literature on the usability of
mHealth systems in people with disabilities with various
dexterity-limiting disabilities, as it demonstrates that mHealth
systems can be made more usable by improving efficiency,
effectiveness, learnability, and user satisfaction.

Our first hypothesis addressed the usability constructs of
efficiency and effectiveness (including errors). The efficiency
and effectiveness of the redesigned modules were significantly
better than those of the original modules, resulting in improved
user performance and reduced user error. These changes were

likely because of the design criteria that were implemented after
careful consideration of how dexterity affects workflow and
recovery from errors. The most apparent improvements in
efficiency were seen in those with severe dexterity issues who
benefited from text cues and color-coding of modules. These
features allowed users to troubleshoot their own actions and
reduce the overall error rate. Those with mild to moderate
dexterity impairments benefited most from voice guidance,
changes to button size, and custom keyboard options. Voice
guidance, similar to text cues, also helped participants
troubleshoot and reduce errors. The ability to change the target
button size helped improve the user’s accuracy. The customized
keyboard simplified the process of data entry. It is important to
note that the improvements in efficiency gained from these
features may be a result of the modules becoming more intuitive
from a cognitive perspective.

Our second hypothesis addressed learnability and satisfaction.
The improved usability of the redesigned modules was also
evidenced by the participants’ preference for the redesigned
modules. With the addition of accessibility features, we were
able to further improve learnability through features such as
navigational shortcuts and voice or text guidance. In addition,
we added features to improve customizability, such as custom
themes and lists. As seen with improvements in TUQ scores,
the participants were more satisfied with the redesigned modules
and would use the iMHere modules in the future. Of note,
significant improvement in usability detected in the redesigned
modules compared with the original modules may have been
even larger because there was no ceiling effect in TUQ.

Future work on the translation of mHealth to various models
of care for people with disabilities is planned. We are currently
carrying out a clinical trial evaluating the community integration
of people with disabilities using mHealth to supplement services
provided by a community-based organization that supports
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independent living. We are also carrying out implementation
studies to evaluate how iMHere 2.0 can be used to deliver
support to caregivers of people with disabilities and those with
chronic conditions and to help facilitate long-term services and
support such as caregiving services.

Study Limitations
Some limitations of this study deserve further discussion. First,
we recruited a small sample, which limits the types of statistical
analyses that can be performed. Second, although we redesigned
all iMHere modules, this study assessed the design of only 2
modules. We chose these 2 modules because they are the most
complex, containing both advanced features and basic features
that are also found in the other 3 iMHere modules. As the 3
less-complex modules contain features that are similar to those
tested in the more complex modules, we expect that the usability
testing results for those modules would have been similar. Third,
a variety of tools exist to test dexterity and usability measures.
We chose the tests and measures intentionally based on the
proposed usability theory but certainly, other theories,
constructs, and tools are available. For instance, we did not test
memorability as a measure of usability. We plan to incorporate
this attribute of usability in future studies. Fourth, iMHere was
not designed to support every disability or medical need, but
its design is a result of research involving over 200 people with
various disabilities and chronic conditions, children to older
adults, and a diverse group of professionals and support
personnel involved in the care of people with disabilities and
chronic conditions. Finally, the participants in the study had a
variety of diagnoses that resulted not only in dexterity
impairments but also sensory and cognitive impairments. Thus,

we were not able to determine which types of usability or
accessibility issues were related to impairments other than those
related to dexterity. Future studies will expand the participant
population and stratify the results to further investigate the
usability and accessibility needs of individuals based on their
unique impairments and abilities.

Conclusions
This study demonstrated that the iMHere mHealth system
became more usable for individuals with disabilities after
redesigning it according to user-centered principles. Our findings
demonstrate that users became more efficient and effective when
using the redesigned modules. In addition, we found that the
redesigned modules were easier to use and learn for the
first-time users, and users were satisfied with the redesigned
modules. By including the user in the iterative process to test
usability, we were able to identify features in our original
module that benefited from redesign. Since the publication of
this work, iMHere has launched a subsequent version (iMHere
2.0) with additional features that are focused on enhancing user
experience. The associated app now integrates the family and
formal caregiver interface with the client app. In addition to the
existing modules, additional modules focused on physical
activity, nutrition, goal setting, and education were added to the
app. In the future, we hope to complete usability testing with
studies that incorporate memorability into user testing. With
successful implementation of iMHere among our test
participants, we hope to make this app available to different
disability populations in the community to promote
independence of self-management with improved clinical
integration to bolster continuity of care.
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Purdue Pegboard Test results (time to complete in seconds for right, left, and both hands).
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Abstract

Background: Mobile apps are increasingly being used in various domains of medicine. Few are evidence-based, and their
benefits can only be achieved if end users intend to adopt and use them. To date, only a small fraction of mobile apps have
published data on their field usability and end user acceptance results, especially in emergency medicine.

Objective: This study aims to determine the usability and acceptance of an evidence-based mobile app while safely preparing
emergency drugs at the point of care during pediatric in- and out-of-hospital cardiopulmonary resuscitations by frontline caregivers.

Methods: In 2 multicenter randomized controlled parent trials conducted at 6 pediatric emergency departments from March 1
to December 31, 2017, and 14 emergency medical services from September 3, 2019, to January 21, 2020, the usability and
technology acceptance of the PedAMINES (Pediatric Accurate Medication in Emergency Situations) app were evaluated among
skilled pediatric emergency nurses and advanced paramedics when preparing continuous infusions of vasoactive drugs and direct
intravenous emergency drugs at pediatric dosages during standardized, simulation-based, pediatric in- and out-of-hospital cardiac
arrest scenarios, respectively. Usability was measured using the 10-item System Usability Scale. A 26-item technology acceptance
self-administered survey (5-point Likert-type scales), adapted from the Unified Theory of Acceptance and Use of Technology
model, was used to measure app acceptance and intention to use.
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Results: All 100% (128/128) of nurses (crossover trial) and 49.3% (74/150) of paramedics (parallel trial) were assigned to the
mobile app. Mean total scores on the System Usability Scale were excellent and reached 89.5 (SD 8.8; 95% CI 88.0-91.1) for
nurses and 89.7 (SD 8.7; 95% CI 87.7-91.7) for paramedics. Acceptance of the technology was very good and rated on average
>4.5/5 for 5 of the 8 independent constructs evaluated. Only the image construct scored between 3.2 and 3.5 by both participant
populations.

Conclusions: The results provide evidence that dedicated mobile apps can be easy to use and highly accepted at the point of
care during in- and out-of-hospital cardiopulmonary resuscitations by frontline emergency caregivers. These findings can contribute
to the implementation and valorization of studies aimed at evaluating the usability and acceptance of mobile apps in the field by
caregivers, even in critical situations.

Trial Registration: ClinicalTrials.gov NCT03021122; https://clinicaltrials.gov/ct2/show/NCT03021122. ClinicalTrials.gov
NCT03921346; https://clinicaltrials.gov/ct2/show/NCT03921346

International Registered Report Identifier (IRRID): RR2-10.1186/s13063-019-3726-4

(JMIR Hum Factors 2022;9(1):e35399)   doi:10.2196/35399
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Introduction

Background
Over the past few decades, health information technologies
(HITs) and communication technologies have been widely
adopted in health care environments to improve care provision,
efficiency, quality, and patient safety while achieving cost
savings [1]. Supported by the rapid spread of mobile devices
and their innovative features (eg, connectivity, on-board
computing capabilities, small size, and operating systems
allowing mobile app development), mobile health (mHealth)
has undergone considerable development to address health
issues by providing medical and communication services within
easy reach of end users [2-4]. As of the first quarter of 2021,
approximately 5.7 million apps were available on leading
web-based app stores [5]. Among them, >325,000 are mHealth
apps [6]. The vast majority (65%) are wellness apps designed
to be used primarily by the general public. Approximately 15%
are patient-centered apps and focus on self-management of
specific conditions, and the remaining 20% are medical apps
intended for health care providers [7]. Unfortunately, most do
not adhere to relevant medical evidence and lack expert
involvement in their development or validation process through
high-quality studies to support their adoption in clinical practice
[2,8-13]. Even when apps are evidence-based, this does not
guarantee that they will be used consistently over time. As with
other HIT, their benefits can only be achieved if end users intend
to adopt them [10,14].

Understanding users’ HIT adoption behavior is a long-standing
topic in the literature and could lead to improvements in the
acceptability and use of mHealth apps. Several models have
been proposed to predict and understand users’ acceptance and
use of HIT. Two of the most commonly used models are the
Technology Acceptance Model (TAM) [15,16], or its extended
versions (TAM Task–Technology Fit [TTF] [17], TAM2 [18],
and TAM3 [19]), and the Unified Theory of Acceptance and
Use of Technology (UTAUT; version 1 [20] or 2 [21]).

However, a systematic review identified that mobile apps were
the least frequently studied HIT application areas using the
TAM, with only 15 studies published between 1989 (ie, the
year when the TAM was introduced) and 2017 [22]. Although
the UTAUT has a better explanatory power for technology
acceptance [23] and has been extensively used in studies related
to the adoption of HIT, user acceptance and use of medical apps
from the perspective of caregivers have been little investigated
by this model [24]. In addition, even if usability has been
identified as a key component of good practice in the
development of digital apps [25], the number of medical apps
that publish their usability evaluation results remains scarce
[26]. To this end, the validated System Usability Scale (SUS)
has been identified as the most frequently used questionnaire
[27-29]; however, it concerns mostly mobile apps designed to
support patients in health self-management and not caregivers
[26]. As a result, little is known about health professionals’
willingness to implement and use medical apps in clinical care
[26,30,31].

Previous Work
In previous randomized trials, we reported fewer medication
errors and a shorter time to drug preparation and delivery during
out-of-hospital cardiac arrest (OHCA) and in-hospital
post–cardiac arrest scenarios when using the PedAMINES
(Pediatric Accurate Medication in Emergency Situations) app
than conventional preparation methods [32,33]. This
evidence-based app was designed as a step-by-step guide for
the preparation and delivery of intravenous drugs to address the
unmet need for reducing pediatric medication errors [34]. Recent
findings showed that this app was also able to reduce acute
perceived stress while preparing emergency drugs in a
prehospital setting during pediatric OHCA in a simulated model
[35]. However, its usability and technology acceptance by
frontline caregivers remains to be determined.

Aim
This study aims to investigate the usability of the PedAMINES
app by both advanced paramedics with drug preparation
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autonomy and nurses at the point of care to gain insight into
their perceptions of its adoption as an approach to facilitate
emergency drug preparation in pediatric life-threatening
situations. In addition, we measure the technology acceptance
of the app for its intended purpose and user satisfaction with its
use. We hypothesize that this approach would help estimate the
likelihood of adoption of the app for implementation among its
future target users.

Methods

Study Design
This is a nested, overlapping study within the context of 2
prospective, multicenter, randomized controlled trials registered
at ClinicalTrials.gov (NCT03021122 and NCT03921346). The
parent trials had the broader and primary aim of assessing rates
of medication dosing errors during simulation-based pediatric
OHCA and in-hospital post–cardiac arrest scenarios using a
high-fidelity manikin [32,33]. For that purpose, participants
were randomly assigned (1:1 ratio) to prepare the drugs either
with the support of the app (intervention group) or by
conventional methods (control group). The trial protocols
containing details of the scenarios have been previously
published [36,37]. Both trials were performed in accordance
with appropriate guidelines [38,39] and followed the CONSORT
(Consolidated Standards of Reporting Trials) reporting
guidelines [40].

Technology Acceptance Terminology and Definition
The terms technology acceptability, acceptance, and adoption
are often used confusingly or interchangeably in the mHealth
literature. For the purposes of this paper, the term technology
acceptance is used and should be understood as referring to
initial acceptance of use, as recently defined by Nadal et al [41],
to explicitly distinguish between the different temporal stages
of technological acceptance. It refers to users’ first interactions
with the app at the preadoption stage before sustained acceptance
of its use in the postadoption stage.

Setting and Intervention
The first trial [32] was conducted at 14 emergency medical
services (EMSs). An out-of-hospital child’s bedroom
environment was simulated at each EMS center to resemble, as
much as possible, a standard environment where paramedics
would have to intervene. Participants were tested on sequential
preparations of four direct intravenous emergency drugs of
varying degrees of preparation difficulty (epinephrine,
midazolam, 10% dextrose, and sodium bicarbonate) during
simulated pediatric OHCA. The second trial [33] was conducted
as a crossover study at 6 pediatric emergency departments.
Participants were tested on the preparation of continuous
infusions (dopamine and norepinephrine) during simulated
pediatric immediate post–cardiac arrest scenarios. Procedures
were standardized across all sites to follow the same
chronological progression and range of difficulty to ensure that
each participant was exposed to exactly the same case in their
respective setting, with similar challenges in app use and
decision-making. The scripted and uniform delivery of the
scenarios throughout the studies was strictly preserved to

minimize confounders. Importantly, we did not organize pretests
to minimize preparation bias so as not to influence the usability
and acceptability of the app based on previous experiences. In
both trials, the app was interfaced on an Apple iPad with the
latest version of iOS; however, the app works identically on the
Android OS (Google Inc). In both trials, all participants who
had used the app were surveyed with self-administered
questionnaires (refer to the following sections) immediately
after completing the scenarios, with the necessary precautions
taken to ensure that participants could not communicate with
each other. During completion of the questionnaires, no
interaction occurred between the participants and investigators
other than those related to detailing an item upon the request of
a participant.

Participants
All registered paramedics and pediatric nurses working at 14
EMSs and 6 academic and community Swiss pediatric
emergency departments, respectively, were eligible for inclusion
in the study. Participants were of both sexes, of all ages, of
different levels of pediatric experience, and from different
regions of Switzerland, a pluralistic country with several official
languages (French, German, and Italian), to diversify participant
characteristics and limit selection bias. Apart from language
translation, no other transcultural adaptations were required or
made to the app. The inclusion criteria were to have followed
a standardized 5-minute introductory course on the use of the
mobile device app and written informed consent. This
introductory course was not intended at this stage to test the
usability of the app but to explain its use for the upcoming
intervention. Only participants who had used the app (ie, all
those enrolled in the in-hospital study [crossover trial] and half
of those enrolled in the out-of-hospital study [parallel group
trial]) were eligible for this study. All participants were assumed
to have equivalent experience and competence with intravenous
drug preparation and dose calculation, as this is part of their
regular practice and training background. Given that this study
was nested within both randomized trials, the number of
participants queried in each trial stemmed from the power
calculations set for the primary outcome, with a 2-sided risk α
of .05 and a power of 90%. Blinding to the purpose of each trial
during recruitment was maintained to minimize the preparation
bias. Participants were unblinded after randomization at the
beginning of the scenario. Although the intervention could not
be masked, all investigators remained unaware of the outcomes
until all data were unlocked for analysis at the end of the trial.

Measurement Instruments
On the day of participation after randomized allocation and
before scenarios started, each participant was required to
complete a survey collecting data regarding their demographic
characteristics and health care training. Five-point Likert-type
scales, ranging from 1=strongly disagree to 5=strongly agree,
were used to assess (1) their experience in the use of
smartphones and tablets, (2) satisfaction with current supports
at their disposal to prepare emergency intravenous drugs, (3)
perceived mastery of the preparation of these drugs, (4)
propensity to use technological tools in emergency situations,
and (5) attitude toward the introduction of technological tools
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to facilitate the preparation of intravenous drugs during an
emergency. Each participant was then exposed to the simulated
out-of-hospital or in-hospital scenarios.

After the scenarios were completed, the perceived usability of
the app was measured using the reliable SUS designed by
Brooke [27]. According to the International Organization for
Standardization, the SUS assesses effectiveness (ie, the ability
of users to use the product), efficiency (ie, the effort to use the
product), and satisfaction (ie, how the users felt when using the
product). It comprises a 10-item questionnaire with 5 response
options for each item based on their level of agreement, ranging
from 1 (strongly disagree) to 5 (strongly agree). According to
the scoring system by Brooke, for odd-numbered (1, 3, 5, 7,
and 9) statements (the positively worded items), the score
contribution is equal to the scale position minus 1 (eg, strongly
agree: 5 – 1=4). For even-numbered (2, 4, 6, 8, and 10)
statements (the negatively worded items), the score contribution
is equal to 5 minus the scale position (eg, strongly agree: 5 –
5=0). Each score contribution falls within the range of 0 to 4.
The participants’ scores for each item are then added up together
and multiplied by 2.5 to convert the original scores of 0 to 40
to 0 to 100. Although the scores range from 0 to 100, these are
not percentages of usability. The higher the score, the better the
usability (ie, 0=very poor perceived usability and 100=excellent
perceived usability). To obtain an SUS score of 100, the
respondent must answer 5 to all odd questions and 0 to all even
questions. The original SUS items are presented in Multimedia
Appendix 1 [27]. When translating the SUS questionnaire from
its original version to French, German, and Italian [42,43], we
replaced the general term system with the specific term
PedAMINES.

Acceptability and usability testing of the app was also assessed
in both trials using a tailored 26-item technology acceptance
self-administered survey. Scales and queries with high levels
of internal consistency (ie, Cronbach α >.70) were derived and
slightly adapted from prior research to fit the trial’s context
(Multimedia Appendix 2) [44]. This integrative model gathers
the 2 most commonly used models in the literature that inform
technology acceptance [45], namely the TAM [15] and UTAUT
[20,21], as well as additional dimensions of technology
acceptance models [19,20,46-50], with the following eight core
constructs: (1) perceived usefulness (4 items), (2) perceived
ease of use (4 items), (3) TTF (4 items), (4) performance
expectancy (3 items), (5) impact on image (2 items), (6) personal
innovativeness (3 items), (7) acceptance (3 items), and (8)
behavioral intention to use the technology (3 items). The items
measured the constructs by asking participants to agree or
disagree with statements using 5-point Likert-type scales,
ranging from strongly disagree (1) to strongly agree (5). An
item of the image construct (ie, Query 34, Image Expectancy
1; People in my organization who use the tool have a high
profile), as well as the constructs job security and facilitating
conditions, were dropped as they were irrelevant in the context
under study. The final survey is depicted in the Results section.
According to the original UTAUT model, gender, age,
experience, and voluntariness of use are identified as moderators

that affect technology beliefs and use [20]. Among these, we
expected age to influence the attitude toward the use of the app,
knowing that young adults have been more exposed to new
technologies during their education and daily practice than older
adults. Therefore, we selected age as a factor of interest to
correlate with the technology acceptance self-administered
survey items. Older participants were expected to have a greater
reluctance in introducing the app into their daily practice.

Finally, a question using a 10-point Likert scale was
administered to participants to measure their perceived
satisfaction with the use of either the app or conventional
preparation methods to prepare the drugs during the resuscitation
scenarios (on a scale of 1 to 10, how satisfied were you with
your preparation experience?). Data collection was conducted
on site using Microsoft Excel spreadsheet (version 2011;
Microsoft Corporation) and REDCap (Research Electronic Data
Capture; Vanderbilt University) database. The investigators
double-checked that the questionnaires were fully and accurately
completed on site. Only study investigators had access to the
data.

Statistical Analysis
Age and work experience were assessed using the Spearman
correlation coefficient. The mean global SUS score was reported
using SD and 2-sided 95% CIs. Items on the SUS questionnaire
were described using frequencies. For the technology acceptance
self-administered survey questionnaire, scores on the 8
technology acceptance dimensions were described using the
means, SDs, and frequencies of participants with a score of ≥4.
The items were described in a similar manner. The association
between dimension scores and participant ages was examined
using the Spearman correlation coefficient. Paramedics and
nurses were analyzed independently, without any comparison
made. Statistical tests on the correlation coefficients were
2-tailed, with a significance level of 5%. Data analysis was
conducted using R for Windows (version 4.0.2; R Core Team).

Ethics Approval
Both trials received a declaration of no objection by the Geneva
Cantonal Ethics Committee and Swiss Ethics as their purpose
was to examine the effect of the intervention on health care
providers. Both trials were registered at ClinicalTrials.gov
(NCT03021122 and NCT03921346). The trials were conducted
in accordance with the principles of the Declaration of Helsinki
[51], Good Clinical Practice guidelines [52], the
CONSORT-EHEALTH (Consolidated Standards of Reporting
Trials of Electronic and Mobile Health Applications and Online
TeleHealth; Multimedia Appendix 3) [39], and the Reporting
Guidelines for Health Care Simulation Research [38].

Results

Overview
A total of 202 participants using the app (74, 36.6%, paramedics
and 128, 63.4%, nurses) completed the scenarios and
questionnaires without dropouts. Table 1 summarizes their
demographic and health care characteristics.
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Table 1. Baseline characteristics (N=202).

Nurses (n=128)Paramedics (n=74)Characteristics

37.2 (9.7)35.7 (7.3)Age (years), mean (SD)

Age (years), n (%)

36 (28.1)17 (23)<30

41 (32)35 (47.3)30-39

35 (27.3)18 (24.3)40-49

16 (12.5)4 (5.4)≥50

Gender, n (%)

121 (94.5)25 (33.8)Female

7 (5.5)49 (66.2)Male

13.6 (9.1)7.8 (6)Work experience in years since certification, mean (SD)

Work experience in years since certification, n (%)

23 (18)26 (35.1)<5

24 (18.8)26 (35.1)5-9

47 (36.7)15 (20.3)10-19

34 (26.6)7 (9.5)≥20

Smartphone user, n (%)

5 (3.9)0 (0)No

123 (96.1)74 (100)Yes

Comfortable using a smartphone, n (%)

14 (12.1)1 (1.4)Strongly disagree

32 (27.6)3 (4.1)Disagree

55 (47.4)12 (16.2)Neither disagree nor agree

15 (12.9)38 (51.4)Agree

0 (0)20 (27)Strongly agree

12 (9.4)0 (0)Missing data

Last preparation of emergency drugs (months)a, n (%)

57 (44.5)9 (12.2)Never

10 (7.8)15 (20.3)<6

13 (10.2)17 (23)6-12

12 (9.4)15 (20.3)12-24

36 (28.1)18 (24.3)>20

Satisfaction with the media currently available to prepare emergency drugs, n (%)

9 (7.1)9 (12.2)Strongly disagree

23 (18.3)18 (24.3)Disagree

63 (50)25 (33.8)Neither disagree nor agree

26 (20.6)21 (28.4)Agree

5 (4)1 (1.4)Strongly agree

0 (0)0 (0)Missing data

Mastering the preparation of emergency drugs, n (%)

35 (27.3)9 (12.2)Strongly disagree

37 (28.9)15 (20.3)Disagree

35 (27.3)30 (40.5)Neither disagree nor agree
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Nurses (n=128)Paramedics (n=74)Characteristics

17 (13.3)19 (25.7)Agree

4 (3.1)1 (1.4)Strongly agree

0 (0)0 (0)Missing data

In favor of introducing technological tools to assist in emergency drug preparation, n (%)

1 (0.8)0 (0)Strongly disagree

0 (0)0 (0)Disagree

4 (3.1)6 (8.1)Neither disagree nor agree

45 (35.2)24 (32.4)Agree

78 (60.9)44 (59.5)Strongly agree

0 (0)0 (0)Missing data

aFor the nurses, emergency drugs meant vasoactive drugs in continuous infusion.

Although there was a wide age distribution, most respondents
were aged between 30 and 49 years, with the nursing group
having slightly more older participants. A strong correlation
(r=0.72; P<.001) between paramedics’age and work experience,
expressed in years, was found, as well as a very strong
correlation (r=0.95; P<.001) for nurses.

Usability Testing
As shown in Figure 1, the mean total SUS scores for the app
were 89.7 (SD 8.7; 95% CI 87.7-91.7) for paramedics and 89.5
(SD 8.8; 95% CI 88.0-91.1) for nurses’ quotation, which
qualifies the tool as between excellent and the best imaginable,

according to Bangor et al [53]. All scores were at least >60,
spanning from 62.5 (2/202, 1% of people) to 100 (26/202, 12.9%
of people; Figure 2). Figure 3 provides a visual overview of the
distribution of the item responses on the SUS. SUS total score
was not significantly associated with participants’ age
(paramedics: r=−0.05 and P=.66; nurses: r=−0.01 and P=.91),
which is likely related to highly skewed scores toward high
usability with little variability among respondents (Multimedia
Appendix 4). The other demographic moderators detailed in
Table 1 did not have any significant effect on participants’
acceptance of the app.

Figure 1. Overall System Usability Scale (SUS) scores to assess the usability of the PedAMINES (Pediatric Accurate Medication in Emergency
Situations) app. The SUS score is located on a normalized scale ranging from a minimum score of 0 to a maximum of 100 [27]. Adjective ratings provide
an interpretation of the SUS score [53]. The SUS also provides letter grades, similar to those used in the traditional school grading system [54]. The
acceptability ranges indicate whether the tool is acceptable or not. Red dots represent the mean SUS score in paramedics and blue dots in nurses. Capped
blue and red lines represent the 5th and 95th percentiles. Crosses represent medians (paramedics: 92.5, 5th-95th percentiles: 74.125-100; nurses: 90,
5th-95th percentiles: 72.5-100).
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Figure 2. Distribution of counts of System Usability Scale (SUS) total scores. Red dots denote paramedics; blue dots denote nurses.

Figure 3. Percent distribution of item responses by (A) paramedics (n=74) and (B) nurses (n=128) on the (inversed) System Usability Scale (SUS)
items. The SUS comprises 10 items (numbered as SUS1 to SUS10).
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Technology Acceptance
Table 2 shows the overall perceptions of paramedics and nurses
regarding the mobile app according to the adapted technology
acceptance self-administered survey constructs. The paramedics
and nurses largely agreed (mostly with scores ≥4) that the app
(1) could enhance their performance during emergency drug
preparation (perceived usefulness), (2) was easy to use
(perceived ease of use), (3) met the requirements necessary to
effortlessly address the complexity of the drug preparation task
when handled by a technology tool (TTF), (4) could help them
achieve performance gains during this procedure (performance
expectancy), (5) elicited their intention to use it (attitude toward
using a technology), (6) is acceptable for emergency drug
preparation (acceptance), and (7) would be intentionally used
for this purpose over a long period (intention to use). Intention
to use the app was the highest-rated construct, with the item
Assuming I had access to PedAMINES, I intend to use it
receiving the highest agreement among participants (Table 2).
The paramedics and nurses agreed to a lesser extent that the app
would enhance the adopter’s social image or status in their
organization. Participants had the least agreement on the item
Having PedAMINES will be a status symbol in my organization
from the image construct. As with the SUS, the technology

acceptance self-administered survey scores were skewed toward
high scores of acceptance of the app and intention to use it.
Only the constructs image, attitude toward technology use, and
acceptance showed a somewhat greater spread across the score
range. A weak but significantly negative correlation between
nurses’ age and attitude toward app use (r=−0.27; P=.003) was
identified. Although the TAM used here or the original UTAUT
from which it was derived can be influenced by four key
moderating variables (ie, age, experience, gender, and
voluntariness of use), the effect of the latter two on the
acceptance constructs was not analyzed in this study, given the
lack of significant variation in these moderators across
individuals in the same setting [55]. Experience was highly
correlated with age and, therefore, was not analyzed. No
significant correlation between age and other items of the
technology acceptance self-administered survey constructs was
found, and no correlation was observed among paramedics.
Multimedia Appendix 5 presents the results of the technology
acceptance self-administered survey items by score range.

Satisfaction
The app obtained a mean overall satisfaction score of 9.1 (SD
0.9) out of 10 among paramedics and 9.4 (SD 1.0) among nurses.
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Table 2. Results of the technology acceptance survey by items.

Nurses (n=128)Paramedics (n=74)Definitiona and item wordingConstructs and
items

Score ≥4, n (%)Values, mean (SD)Score ≥4, n (%)Values, meanb (SD)

122 (95.3)4.79 (0.37)66 (89.1)4.69 (0.44)The degree to which an individual perceives that
using the system leads to enhanced personal perfor-
mance [15,18]

PUc

128 (100)4.88 (0.32)68 (91.9)4.69 (0.62)Using PedAMINESd helps me to prepare emergen-
cy drugs more quickly.

PU1

123 (96.1)4.74 (0.52)71 (95.9)4.73 (0.58)Using PedAMINES helps me to prepare emergency
drugs better.

PU2

126 (98.4)4.81 (0.51)72 (97.3)4.69 (0.52)Using PedAMINES makes it easier for me to pre-
pare emergency drugs.

PU3

121 (94.5)4.74 (0.61)73 (99)4.66 (0.50)Using PedAMINES enhances my effectiveness in
drug preparation.

PU4

126 (98.4)4.76 (0.28)72 (97.3)4.61 (0.35)The degree to which an individual perceives that
using the system will be free from physical or
mental efforts [15,18,56]

PEOUe

125 (97.7)4.78 (0.47)63 (85.1)4.41 (0.94)It is easy to get PedAMINES to do what l want it
to do.

PEOU1

128 (100)4.86 (0.35)73 (98.6)4.74 (0.47)Overall, I find PedAMINES is easy to use.PEOU2

128 (100)4.88 (0.33)74 (100)4.89 (0.31)It is easy for me to become skillful in using
PedAMINES.

PEOU3

124 (96.9)4.53 (0.59)72 (97.3)4.41 (0.55)I often become confused with PedAMINES’ fea-
tures when I used it.

PEOU4

121 (95.3)4.64 (0.43)63 (85.1)4.49 (0.54)The degree to which an individual perceives that
using the system fits the requirements of a particular
task [17,44,48]

TTFf,g

126 (98.4)4.69 (0.52)71 (95.9)4.55 (0.62)PedAMINES has the functionalities l need to accom-
plish my tasks.

TTF1

125 (97.7)4.61 (0.54)67 (91)4.47 (0.67)PedAMINES’ functionalities give me exactly what
I need for my work.

TTF2

127 (99.2)4.77 (0.44)71 (95.9)4.70 (0.54)PedAMINES is very well suited to my work.TTF3

116 (91.3)4.50 (0.68)65 (87.8)4.22 (0.90)Using PedAMINES is compatible with most aspects
of my work.

TTF4

115 (89.8)4.58 (0.57)61 (82.4)4.55 (0.59)The degree to which an individual perceives that
using the system will help the user attain gains in
job performance [20,44]

PEh

101 (78.9)4.21 (1.0)59 (79.7)4.28 (0.96)Using PedAMINES, I get better chances to improve
my professional position.

PE1

125 (97.7)4.77 (0.55)67 (90.5)4.61 (0.74)Using PedAMINES will help me improve or con-
tinue to help to improve emergency drugs prepara-
tion.

PE2

124 (96.9)4.77 (0.52)71 (95.9)4.74 (0.57)Using PedAMINES will increase the quality of my
drug preparation.

PE3

41 (32.5)k3.24 (0.98)30 (40.5)3.46 (0.96)The extent to which an individual perceives that
using the system enhances one’s image or status in
ones’ social system [20,50]

IIi,j

71 (55.9)l3.53 (1.13)47 (63.5)3.84 (1.06)People in my practice setting who use PedAMINES
will have more prestige than those who do not.

II1

36 (28.6)k2.94 (1.09)22 (29.7)3.08 (1.16)Using PedAMINES will be a status symbol in my
practice setting.

II2

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e35399 | p.303https://humanfactors.jmir.org/2022/1/e35399
(page number not for citation purposes)

Siebert et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Nurses (n=128)Paramedics (n=74)Definitiona and item wordingConstructs and
items

Score ≥4, n (%)Values, mean (SD)Score ≥4, n (%)Values, meanb (SD)

73 (57.5)l3.97 (0.77)48 (64.9)4.14 (0.58)The extent to which an individual has an innate
propensity (willingness) toward trying any new
technology [50,57]

PIm,n

116 (91.3)l4.39 (0.73)71 (95.9)4.55 (0.58)If I heard about a new technology, I would look for
ways to experiment with it.

PI1

62 (48.8)l3.42 (1.03)42 (56.8)3.59 (0.95)Among my peers, I am usually the first to try out
new technologies.

PI2

102 (80.3)l4.09 (0.85)65 (87.8)4.28 (0.67)I like to experiment with new technologies.PI3

100 (79.4)k4.30 (0.63)56 (75.7)4.32 (0.61)The extent to which individuals accept to use a new
technology [56]

Ao,p

111 (88.1)k4.40 (0.90)69 (93.2)4.53 (0.74)In my opinion, it would be desirable to use
PedAMINES in addition to conventional prepara-
tion methods for emergency drugs.

A1

114 (89.8)l4.45 (0.78)67 (90.5)4.39 (0.70)It would be good to use PedAMINES more than
the conventional methods for the preparation of
emergency drugs.

A2

94 (74)l4.06 (1.14)54 (73)4.04 (1.07)I think it would be highly desirable to use only
PedAMINES instead of conventional methods for
the preparation of emergency drugs.

A3

125 (98.4)l4.82 (0.39)72 (97.3)4.81 (0.34)Individuals’ subjective intention toward using a
technology over a longer period [21]

BIq,r

126 (99.2)l4.81 (0.41)69 (93.2)4.68 (0.60)Assuming I had access to PedAMINES, I intend to
use it.

BI1

126 (99.2)l4.85 (0.42)74 (100)4.91 (0.29)I predict I would use PedAMINES in the next 6
months.

BI2

125 (98.4)l4.80 (0.44)74 (100)4.84 (0.37)I expect my use of PedAMINES to continue in the
future.

BI3

aPresented with the source references from which the items were derived and adapted for the context of this study.
bEach item was measured on a 5-point Likert-type scale (1=strongly disagree and 5=strongly agree); the higher the score, the more agreement with the
statement.
cPU: perceived usefulness.
dPedAMINES: Pediatric Accurate Medication in Emergency Situations.
ePEOU: perceived ease of use.
fTTF: task–technology fit.
gMissing data from nurses, n=1.
hPE: performance expectancy.
iII: image.
jMissing data under nurses, n=2.
kN=126.
lN=127.
mPI: personal innovativeness.
nMissing data under nurses, n=1.
oA: acceptance.
pMissing data under nurses, n=2.
qBI: behavioral intention to use.
rMissing data under nurses, n=1.
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Discussion

Principal Findings
The main finding of our study was that the usability assessment
of the PedAMINES app scored high on all items of the SUS
questionnaire, with >86% of paramedics and >93% of nurses
rating the overall usability of the app as excellent (ie, scoring
>80 on the SUS). This suggests that the app is highly usable by
users targeted for its purpose and appears to be an accepted
supportive tool. This usability observed regardless of years of
experience, age, or gender suggests a worthwhile benefit of its
use by novice emergency care providers and those with limited
exposure to children who are critically ill and few opportunities
to prepare emergency medications in pediatric doses, particularly
in general hospitals handling pediatric emergencies and in the
prehospital setting. Leveling providers’ compounding skills
could indeed prove to be an advantage in high-stakes clinical
events with infrequent occurrences, such as pediatric
cardiopulmonary resuscitation. To our knowledge, this is the
first study to report usability testing and the intent of paramedics
and nurses to use a mobile app as a supportive digital tool for
emergency drug preparation in pediatric life-threatening
situations. The fact that participants who were previously naive
about the PedAMINES app were able to use it correctly to
significantly reduce medication error rates [32,33] after a single
5-minute prescenario training and broadly agree on its usability
validated the user-centered design [58-60], the Fitts laws [61],
and progressive disclosure [62] principles that underpinned its
iterative development process [63]. This approach has proven
beneficial in allowing end users to influence the development
process and increase the final usability of web-based HIT
[64,65]. To provide some perspective, the mean total SUS scores
>89 in this study were higher than those reported in a
comparative study of the top 10 nonmedical mobile apps
evaluated by >3500 users [66]. The SUS has proven to be a
highly robust and versatile tool for collecting users’ subjective
evaluations of a product’s usability [67]. In high-stakes, critical
situations where time is of the essence, the usability of dedicated
apps must be high as there is no room at that moment to become
familiar with the app [68]. This study suggests that endowing
paramedics and nurses with usability-proven mobile apps might
contribute to improving the safety of the drug administration
process in pediatric emergency care.

To limit and mitigate the likelihood of medication errors, several
assistive eHealth technologies have been developed over the
past decades to target and support individual medication steps
[34]. However, before an eHealth tool such as a mobile app can
be adopted and implemented into clinical practice to support
the delivery of health care, usability testing and the likelihood
that it will be accepted as an aid by its future users are
prerequisites for success [69,70]. Usability (ie, the extent to
which a system, product, or service can be used by end users
to achieve specific goals with effectiveness, efficiency, and
satisfaction in a given context of use [71]) is recognized as a
key quality factor in determining the success and adoption of
an app [26]. Usability testing of an app with end users early in
the process may also uncover potential issues related to poor
app development and design, which could otherwise ultimately

lead to endangering patient safety [72,73]. Although previous
research has shown that mHealth apps can help improve the
quality and safety of care [74], functional characteristics have
often been privileged to the detriment of the needs and
characteristics of end users [23]. Consequently, users may be
reluctant to adopt them or only use them for a short span of time
after their introduction and then abandon them [75,76]. To fully
anticipate their acceptance and long-term adoption rate, it is
essential to look beyond the technology itself and its usability
by also considering end users’ beliefs, perceptions, and
intentions regarding its use [24].

To date, only a small fraction of mHealth apps have published
their usability evaluation results, with most apps developed in
the commercial sector that have rarely been published in the
scientific literature [26]. In the field of cardiopulmonary
resuscitation, a recent study identified 34 available mobile apps
on Google Play and Apple App stores [68]. However, many of
these apps are marginally medically correct, have not been
validated in evidence-based studies, and have limited usability
[77]. Of the few available medical mobile apps that offer
weight-based drug dosing, such as Handtevy Mobile [78],
SafeDose Mobile (eBroselow) [79], Infinite Dose PRO [80],
Pedi QuikCalc [81], PEDeDose [82], and EZDrips Peds [83],
none have shown proven results of their efficacy, especially in
terms of usability.

Although studies have been conducted in recent years to assess
user attitudes toward new HIT, there is a lack of research on
the perception and acceptance of mHealth technologies by health
care providers [84]. In this study, we evaluated 8 technology
acceptance constructs to capture the different aspects that could
drive the intention to use the PedAMINES app from the
perspective of emergency care professionals. We report that
paramedics and nurses had an overall acceptant attitude toward
the app and agreed with its use as a means of supporting the
drug preparation process during emergency care. Among the
identified constructs that drive technology acceptance,
participants strongly agreed with the usefulness, ease of use,
TTF, performance, and behavioral intention to use the app, with
mean total scores >4.5/5. In addition, attitudes toward use and
acceptance were positive. As these constructs have been shown
to be among the most important factors driving individuals to
adopt mHealth apps [69,75,85,86], the results of our study
provide support for the future adoption of our app by nurses
and paramedics in emergency care. However, long-term
adoption studies in clinical practice need to be conducted to
confirm this. One of the strengths of the study is that the
evaluation of the app did not focus on the behavioral intent of
its adoption under traditional laboratory-based conditions but
took into account the usual context of its use by evaluating its
usability and acceptability in simulated, in situ conditions very
close to the reality in which the app should ultimately be
deployed [73].

Our study also found that nurses’ attitudes toward app use were
slightly negatively influenced by age, whereas usability ratings
were not. Consistent with previous research, this may be as
some form of resistance may characterize the attitude toward
the use of new technologies among nurses with longer
experience and their reliance on their own prior learning without
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the use of technology to assist them [87-89]. Paramedics were
represented in younger age categories than nurses, which may
explain the lack of a significant age influence on their attitude
toward the app. However, previous studies on the effect of age
on attitudes toward novelty have yielded controversial results,
and caution should be exercised about this interpretation related
to the influence of age, and this aspect requires further study
[87]. Of note, our study also found that images appeared to be
the least relevant technology acceptance construct. Similar to
a previous study [90], this could be explained by the nature of
the intervention, as the impact of an app on the image of its
users among their peers can presumably only be properly
assessed through long-term use in routine practice and not
through a single use, as was the case in this study. Future
research should determine whether the acceptability of the app,
as assessed through this simulation-based study, will translate
into its long-term use in real-life situations, as the success of
an app likely depends primarily on sustained use over time
rather than on its first use [91,92]. Meanwhile, this study
generated useful knowledge to guide future developments of
other mHealth interventions using in situ high-fidelity simulation
and the SUS and technology acceptance self-administered survey
questionnaires as a basis for exploring the usability and
acceptability of mobile apps at the point of care in emergency
medicine.

Limitations
This study has some limitations. First, the app was evaluated
in simulation-based trials, and its usability and acceptance in
real-life situations might be different. However, the simulated
scenarios allowed for consistent assessment of the app among
participants in a standardized manner, which would have been
difficult to achieve in actual cardiopulmonary resuscitations.
In situ clinical simulation, which involves observing
representative users performing tasks in their representative
environments, has proven to be a valuable way of addressing
specific factors that influence technology usability and adoption
and ensuring that the results obtained can be generalized to the
real world [73]. Second, the survey used to assess the acceptance
of the app was not the original UTAUT model but an adapted
version with additional valid and reliable constructs. Adding

constructs to the original framework is a common practice [93].
As suggested by Venkatesh et al [21], the addition of relevant
constructs to the original UTAUT model, where each construct
can be interpreted independently of the others, may contribute
to extending its applicability to other contexts in an attempt to
better understand factors influencing adoption and behavioral
intention to use a technology. For example, the TTF construct
was used here to evaluate the users’perception of the complexity
of the task to be handled by being supported by the app. Third,
this study was limited to the evaluation of the app in the context
of drug preparations at pediatric doses. It does not provide
information on its usability and acceptance if it were to be used
to support the preparation of drugs for adults. Fourth, no
qualitative usability testing was conducted in the field as part
of this study so as to not detract from the scenario and primary
outcome. More extensive qualitative laboratory and field testing
of the app will be the focus of future research. Finally, the SUS
questionnaire measured users’ perceived usability of the app
rather than its actual usability. Users were not informed of their
performance after the scenarios and only filled out the
questionnaire based on their perception of their app use. Future
studies must consider assessing objective PedAMINES usability
metrics, such as task completion rate and efficiency on time on
task.

Conclusions
This study evaluated the usability and technology acceptance
of a mobile app to assist in the preparation of emergency drugs
at the point of care by skilled nurses and advanced paramedics
during simulated pediatric cardiopulmonary resuscitations. We
found excellent usability and high technology acceptance. This
provides information not only about the initial adoption of the
app by these caregivers but also, more broadly, about the
likelihood of successful adoption of mHealth apps in emergency
care that have previously gone through such a usability and
technology acceptance evaluation process. Our findings
contribute to the exploration of factors influencing the usability
and acceptance of mHealth apps by emergency caregivers,
particularly when devolved to pediatrics, and lay the groundwork
for future clinical practice and long-term research.
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Abstract

Background: Web-based health interventions are increasingly common and are promising for patients with voice disorders
because web-based participation does not require voice use. To address needs such as Health Insurance Portability and
Accountability Act compliance, unique user access, the ability to send automated reminders, and a limited development budget,
we used the Research Electronic Data Capture (REDCap) data management platform to deliver a patient-facing psychological
intervention designed for patients with voice disorders. This was a novel use of REDCap.

Objective: We aimed to evaluate the usability of the intervention, with this intervention serving as a use case for REDCap-based
patient-facing interventions.

Methods: We used REDCap survey instruments to develop the web-based voice intervention modules, then conducted usability
evaluations using (1) heuristic evaluations by 2 evaluators, and (2) formal usability testing with 7 participants, consisting of
predetermined tasks, a think-aloud protocol, ease-of-use measurements, a product reaction card, and a debriefing interview.

Results: Heuristic evaluations found strengths in visibility of system status and real-world match, and weaknesses in user control
and help documentation. Based on this feedback, changes to the intervention were made before usability testing. Overall, usability
testing participants found the intervention useful and easy to use, although testing revealed some concerns with design, content,
and terminology. Some concerns were readily addressed, and others required adaptations within REDCap.

Conclusions: The REDCap version of a complex web-based patient-facing intervention performed well in heuristic evaluation
and formal usability testing. REDCap can effectively be used for patient-facing intervention delivery, particularly if the limitations
of the platform are anticipated and mitigated.

(JMIR Hum Factors 2022;9(1):e26461)   doi:10.2196/26461

KEYWORDS

web-based intervention; REDCap; voice disorders; usability study; heuristics; eHealth; online; health; web-based participation;
patients; web-based platform

Introduction

Patients and providers are increasingly turning to digital
platforms for medical information and support. The COVID-19

pandemic has further reinforced the need for information and
intervention delivery that does not require in-person contact.
Web-based interventions are particularly effective for disorders
that may impact interpersonal interactions because web-based
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interventions can reduce barriers to access and communication.
One such disorder—vocal dysfunction (or dysphonia)—is
common [1] and leads to approximately US $2 billion in annual
loss in work productivity [2-4], as well as significant functional
and social impairments. Lower quality of life (voice-related)
has been reported by patients with lower perceived control [5]
(ie, perceived control over events or one’s reactions to events).
Perceived control can be increased through targeted web-based
intervention [6,7], and greater perceived control is associated
with better patient-reported, disease-specific, and overall
outcomes such as depression, diabetes, asthma, heart disease,
and blood pressure [8-13]. A web-based psychological
intervention could thus enhance voice treatment outcomes in a
low-cost, accessible way.

Web-based interventions are an especially promising avenue
for patients with voice disorders because web-based participation
does not require voice use. To be usable by patients, a web-based
platform should be Health Insurance Portability and
Accountability Act (HIPAA)–compliant, with unique access
for users, the ability to send automated reminders, and effective
usability. We initially developed a custom website for this
purpose, and initial intervention findings were promising [14],
but we experienced difficulties related to cost, transparency,
and troubleshooting timeliness. Those difficulties were perhaps
inevitable, given the limited project resources, and prompted
us to explore other potential HIPAA-compliant options for
future interventions.

Because our team frequently uses REDCap for data collection,
we considered its usefulness for the delivery of a patient-facing
web-based intervention. REDCap is an electronic data capture
platform widely used in biomedical research because it is secure,
HIPAA–compliant, facilitates data exports for analysis easily,
and is free or low cost for university researchers under
institutional contracts [15]. REDCap’s user-friendly interface
reduces the need for programming knowledge and provides
additional control through customization options. The platform
is well supported, with continuous monitoring, systematic
updates, and an increasing list of capabilities that provide a near
maintenance-free infrastructure to researchers. Our intervention
delivered educational modules over a period of time by sending
automated email reminders, for which REDCap’s survey
functionality and Automatic Survey Invitation tool seemed well
suited. Enabling modules, with respect to timing and sequence,
is dependent on multiple inputs, which REDCap is able to
capture, calculate, and modify throughout a participant’s use.
REDCap functionality also facilitated parallel designs for
multiple study arms and simplified study management. We
reasoned that the existing functionality might, therefore, be
effectively adapted to deliver a patient-facing intervention.

The use of REDCap as a patient-facing intervention is relatively
novel. Although REDCap is used by thousands of teams to
collect data, it is used far less frequently in a patient-facing

manner. The literature does include a few patient-facing studies
[16-19], in which REDCap has been used for data collection to
assess other (non-REDCap) custom apps or websites. It has also
been used for patient interventions as a back-end system paired
with custom interfaces such as web pages or interactive forms
presented on investigators’ tablet computers [20-23]. However,
we found only one study [24] on the use of REDCap for
patient-facing intervention delivery and usability.

Given the proliferation of study teams utilizing REDCap and
concurrent increasing interest in web-based interventions, we
aimed to rigorously evaluate the usability of REDCap for
patient-facing intervention delivery in a use case. The objectives
of this study were to evaluate the usability of the voice
intervention within REDCAP using (1) heuristic evaluation and
(2) formal usability testing, which were chosen because they
generate complementary forms of usability data. In fact, the
combined approach—heuristic evaluation and usability
testing—has been described as a “1+2 punch” [25]—providing
distinct yet complementary data that can form an excellent
baseline for usability. Herein, we also suggest strategies for
adapting REDCap to patient-facing health interventions.

Methods

REDCap Intervention
The intervention consisted of 3 parts. The first part delivered
baseline assessment measures followed by an educational
module with instructional videos and self-led exercises. In the
second part, participants were invited to complete check-in
modules twice a week for up to 3 weeks (Figures 1-3). The third
part delivered end-of-study assessment measures (the same as
baseline measures) followed by a participation feedback section.
The website could adjust total participation time, allowing
enough time for the baseline educational module, 2 check-ins,
and the final survey module prior to participants starting voice
therapy. Individual survey instruments were developed within
the REDCap project for each intervention module, and a
database instrument was used to set up participant profiles.
Conditional logic, using dates and indicator variables manually
entered in or captured throughout the intervention, was used to
trigger ASIs to alert participants to available modules.

Developing the intervention in REDCap was an iterative process,
because REDCap routinely updates functionalities (ie, fixing
issues and making desired features possible or easier to
implement). The intervention was developed in REDCap (Table
1) with the knowledge that we would later add a comparison
arm to be used in a randomized controlled study of the
intervention, making use of the randomization tool. The
longitudinal project setting was tested, but ultimately not used,
in this version of the intervention due to limitations of its use
with the randomization tool and survey piping features.
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Figure 1. Welcome page for the Voice Education Program intervention.

Figure 2. Check-in questionnaire page.
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Figure 3. Voice tips page including embedded YouTube video.
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Table 1. Design parameters used in developing the REDCap intervention.

REDCap featuresaCategory and required design parameter

Participant access to intervention

REDCap generated unique URLs for each participant when sent by Au-
tomatic Survey Invitation using Smart Variables. Dates were piped into
the email text.

Intervention accessible through links sent by email. Reminder emails
sent with the deadlines for finishing the module.

Enabled Save & Return in the Survey SettingsParticipants have unique logins to access their information. Participants
can save, leave, and return to the website.

REDCap provided a secure web interface and included multiple features
to support HIPAA compliance. Both the website and database were
housed on secure servers maintained by the researcher’s institution.

Data must be kept in a secure, HIPAAb compliant database.

Intervention design

Used descriptive text fields, including in-line videoEducational material able to be delivered by text and videos.

Previous responses were piped into descriptive text for participant review.Self-led exercises present participants’ prior responses for reflection
and goal-setting.

Therapy date was entered in the participant set up instrument. Start and
completion dates were captured as validated date text variables using
the @HIDDEN-SURVEY Action Tag. Conditional logic in Automatic
Survey Invitations using datediff calculations and indicator variables sent
emails. The Survey Queue was used when there was not a lag in time
between instruments.

The length of intervention can be shortened if the participant's therapy
start date is less than 3 weeks away. Module start and completion dates
are otherwise used to enable future modules and trigger emails to send.

Time Limit for Survey Completion option was used in the Survey Settings.Intervention modules are disabled after a period of time to ensure that
they are completed in order.

Hardcoded hyperlink embedded in a survey field connected to another
REDCap project using the project’s public link. Because a left-hand
menu bar was not possible in REDCap and layout was limited to one
center panel of text, the menu links were listed in a descriptive text
variable at the bottom of each survey page.

Hyperlinks to voice and psychological health tips are embedded in the
intervention check-ins. Menu and navigation have hyperlinks to re-
sources including the study FAQ, program references, and supplemental
mental health resources.

Study execution

A project instrument was used for participant setup to enter dates used
for Automatic Survey Invitations and manage participant information
piped into the intervention.

An email variable was set as the survey-specific email invitation field
in the Survey Settings instead of using the Survey Distribution Tools to
allow for updates over time and ease in participant set up.

Automatic Survey Invitations were triggered to send the day before the
enabling date to allow for date changes during the study, but the re-
searcher could update and retrigger emails if needed using the Survey
Invitation Log.

The intervention can adapt to changing participant inputs throughout
participant, such as:

Updates in contact information.

Changing dates of scheduled medical treatment, which affect study
participation duration.

Default use of the Survey Queue allowed linear progression through
surveys.

The intervention moves through modules in sequence.

Instrument Survey Settings were set to prevent return to and modification
of completed responses.

Participants cannot go backwards and change answers, which is impor-
tant for data integrity.

REDCap captured and could report timestamps for survey start, comple-
tion, and all responses.

Website collects date and time stamps for all responses.

aREDCap-specific terms are in italics.
bHIPAA: Health Insurance Portability and Accountability Act.

Heuristic Evaluation
A heuristic evaluation is a type of inspection method in which
web-based interfaces are evaluated based on a list of guidelines
for effective interface design. Our team used well-known
heuristics [26] that have been used to evaluate both software
and web-based interfaces. The goal of heuristic evaluation is to
identify areas in which a web-based intervention meets or does
not meet widely accepted guidelines for interface design.

Two usability research assistants who were not involved in
intervention development conducted the heuristic evaluation.
Working independently, the evaluators identified strengths and
weaknesses in the intervention’s usability by completing tasks
as an end user might, using Nielsen’s usability heuristics for
interface design [26].

The evaluators then each generated a report that included
specific examples of the intervention’s degree of compliance
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with each usability heuristic, screenshots of the intervention
modules, usability rankings, and rationales for rankings.
Strengths and weaknesses identified in both reports were used
to update the intervention and guided the development of the
usability testing plan and testing scenarios. Each evaluator’s
rankings for the intervention’s compliance with the 10 heuristics
were standardized on a scale from 1 to 4, with 1 representing
ineffective and 4 representing highly effective.

Usability Testing
In addition to the heuristic evaluation, a usability test was
conducted to study the interaction of representative users with
the web-based intervention. We designed a usability test around
key tasks in the web-based intervention and gathered
quantitative and qualitative data to identify successes and
problem areas as well as overall participant impressions.

Setting
Usability testing was conducted on campus. We began usability
testing in the Usability Lab on campus, where high-quality data
could be collected, including audiovisual recording and screen
captures, and where 2 rooms and a one-way mirror provided an
optimal research environment for observers. Complications
arose in terms of site location—the campus was unfamiliar to
most participants and campus sporting events caused disruptions
to driving routes and parking availability—therefore, for the
last 2 tests, we moved to a research suite closer to the voice
clinic familiar to participants, although the suite did not include
high-quality data recording or a one-way mirror. We have
discussed these challenges in greater detail elsewhere [27].

Participants and Recruitment
Participants were recruited from MHealth Fairview
otolaryngology clinics. Inclusion criteria were diagnosis of a
voice disorder; Voice Handicap Index–10 score greater than or
equal to 11 [28]; age 18-80 years old; English literacy; and
ability to complete informed consent. Because usability testing
was completed on campus, potential participants who lived
close to the testing site were preferentially invited, although
residence location was not used as a strict screening criterion.
We recruited 10 participants based on these criteria, and 7
participants completed the usability test.

Ethics
The study was approved by the University of Minnesota
institutional review board (1507S75003).

Measures, Procedures, and Analysis
Our study’s research questions asked how well patients were
able to navigate into, throughout, and exit the intervention; how
well patients were able to use multiple choice features to answer
questions; and how patients used the help and documentation
in the FAQ. The usability test consisted of (1) logging into the
intervention within REDCap, (2) completing part of a module,
(3) reviewing supplementary material and navigating back to a
module, (4) exiting REDCap and logging back in, and (5)
identifying the help page within the intervention (Multimedia
Appendix 1). A moderator facilitated each usability test and
asked participants to complete each task using a think-aloud
protocol (in which participants share their thoughts as they work

through the task [25]). An additional research question, which
focused on understanding patient experiences with the
intervention, was added during usability testing [27].

Usability measures were time-on-task, task completion rates,
issue rates and severities, and subjective user satisfaction.
Time-on-task reflected how long it took a participant to complete
a task from the time it was given until the time the participant
indicated completion. Our goal with time-on-task measures was
to establish a realistic baseline time, thus we did not set specific
target times. Task completion rates were measured as the
percentage of test participants who were able to successfully
complete the task without requiring assistance or encountering
high-severity issues. Our goal for task completion was 100%.
After each usability test, we counted issues and rated each for
severity; a high-severity issue (a severity rating of 1) prevented
a participant from correctly completing a task, while a
low-severity issue (a severity rating of 5) did not change the
outcome of the task but resulted in the task being completed
less efficiently. Our goals for issues per participant were less
than 1 high-severity issue, less than 5 moderate-severity issues,
and less than 5 low-severity issues. Additionally, we ranked
issues based on their frequency across participants, with
low-impact but high-frequency issues overall being rated at a
higher severity level.

User satisfaction was measured by asking participants to rate
ease of use for each task on a scale of 1 to 5, with 1 representing
very easy and 5 representing very difficult. Our goals were to
have no posttask user satisfaction rating higher than 3 for any
individual participant, and an overall average rating of 2 (easy)
for each task across all participants. After each task, the
moderator invited participants to offer any comments about the
rating they chose.

After each participant completed all tasks, we asked them to
complete a product reaction card and debriefing interview
describing their experience. The product reaction card was a
sheet with a set of 63 positive and negative words from which
participants were asked to choose 5 that best described their
experience [25]. This set was derived from a desirability matrix
[29] of 118 words, with a ratio of 60% positive to 40% negative
or neutral words [25]. The matrix can be used in full or
abbreviated to gather quick descriptive feedback about
participant impressions [30]. Our goal was to have at least 60%
of all reaction words be positive. Debriefing interviews included
5 open-ended questions asking participants to describe their
initial impressions, how those impressions changed as they used
the intervention, what they liked least and best, and what they
would change if they could (Multimedia Appendix 2). In
combination with the think-aloud protocol, the debriefing
interview allowed for insights into participants’ health
care-related contexts of use and engagement with intervention
content [27].

Results

Heuristic Evaluation
The heuristic evaluation (Table 2) indicated that 3 categories
could be improved: user control and freedom, consistency and
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standards, and help and documentation. These 3 areas of
improvement were used to make initial revisions to the

intervention and also informed the creation of usability testing
tasks and questions.

Table 2. Heuristic evaluation results.

Areas for improvementStrengthsRatingHeuristic

31. Visibility of sys-
tem status

•• System status and future options were not as appar-
ent in additional help sections

System showed current status effectively in main
survey sections via page counts, color confirmation,
and written confirmation

22. Real-world match •• Procedure for leaving and returning was not con-
ventional or natural

Survey section numbering, sequence, and naming
were logical and consistent with real world conven-
tions • “Survey” terms in standardized research question-

naires did not match real-world conventions• Survey questions follow conventions for type and
format • Additional section links are hard to find, and

function in unconventional and nonnatural ways• Embedded YouTube videos take advantage of famil-
iar features, platform

23. User control •• “Emergency exits” were unclear in additional help
sections

Reset function was an effective undo feature

24. Consistency •• Pop-up boxes, formatting, headers, and tone were
inconsistent within and across pages

Main survey sections used consistent layout, func-
tioning, color, and terms

35. Error prevention •• No prevention against accidentally closing whole
survey window without saving

Several effective error prevention features (eg, pro-
hibits leaving questions unanswered)

36. Recognition •• Contents and options are not centrally listed in the
additional vocal health tips sections

Instructions for system use are readily available
throughout

• Questionnaires and check-ins provide built-in refer-
ences to past information

• Educational videos, FAQa, and additional resources
are available at the bottom of each page

37. Flexibility •• Menus with links to additional resources and vocal
health tips sections cannot be hidden

Font resize option is available
• Survey queue automatically accordions up as surveys

are completed, but still provides an option to view
all

38. Aesthetic •• Some images in the additional vocal health tips
sections are less relevant and therefore less impact-
ful than they could be

Aesthetic is simple, neutral, and uncluttered

39. Error messaging •• None identifiedError messaging is clear and provides both an expla-
nation and a solution

210. Help and docu-
mentation

•• Help is not searchableFAQ and help email are readily available on survey
queue/home page • No documentation for technical issues

• FAQ is available on all main survey pages • No centralized overview of instructions, features,
problems, and complex tasks• Instructions for use are available throughout the

module

aFAQ: frequently asked question.

Heuristic evaluation indicated that visibility of system status,
real-world match, and recognition were all intervention
strengths, aligning with REDCap’s ability to provide a stable
platform that matches users’ expectations for websites, without
requiring any specialized development knowledge to build and
maintain.

The heuristic evaluation indicated user control and freedom,
consistency and standards, and help and documentation as 3
major heuristic categories in need of improvement. Of these
weaknesses, the category user control and freedom was most

pertinent to REDCap’s functionality as a platform. Consistency
and standards, as well as content in help and documentation,
were readily addressable once identified. This included
following recommendations for plain language [31] and ensuring
parallel structure. REDCap allowed for immediate updating of
all edited content without the need to rely on a third party for
content editing.
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Usability Testing
A total of 10 participants were recruited; 7 participants

completed the usability test. All participants were patients at
MHealth/Fairview with voice problems (Table 3).

Table 3. Demographic characteristics of study participants.

ValueCharacteristic

51 (30-71)Age (years), mean (range)

Gender (n=7), n (%)

1 (14)Male

5 (71)Female

1 (14)Gender nonconforming

Race/ethnicity (n=7), n (%)

5 (71)White

1 (14)African American

1 (14)Asian American

Education (n=7), n (%)

1 (14)Some college credits, no degree

1 (14)Bachelor’s degree

5 (71)Graduate degree

Used web-based health resources before (n=7), n (%)

2 (28)At least once a week

1 (14)At least once a month

3 (43)Less than once a month

1 (14)Decline to answer

Results from the usability tests include time-on-task, task
completion rates, issue rates and severity, product reaction card
selection, and qualitative data from debriefing interviews. Task
completion rates ranged from 71% (5/7) to 100% (7/7). Overall,
mean posttask ratings were close to our goals, and the individual
highest posttask ratings exceeded goals on 4 of 5 tasks (Figure
4).

Issue rates met specified goals for all but 1 participant, who
experienced several critical issues; only 1 issue—the use of the
Submit button—reflected an issue both high in frequency and
severity. Four other issues were noted as high impact but with
low severity (Table 4).

Figure 4. Time-on-task, mean post-task ratings, and task completion rates.
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Table 4. Summary of usability issues grouped by topic.

Overall assessment of severityIndividual severity
ratings

Overall

frequency

Participants encountering
issue, n (%)

Category and issue

Navigation

Critical, high impact1, 3, 3, 4High4 (57.1)Did not realize that the Submit button on the
landing page was for moving forward in the
survey

Critical, high impact1Low1 (14.3)Unclear how to enter first survey

Critical, high impact1, 2Moderate2 (28.6)Clicking the back button resulted in an error
message

Noncritical, moderate impact2Low1 (14.3)Unclear how to return to the intervention after
logging out

Intervention features

Noncritical, low impact3Low1 (14.3)Small browser window caused text to wrap,
which was difficult to read

Critical, high impact1Low1 (14.3)Unable to locate health tips

Help and documentation

Inconvenient, lowest impact4Low1 (14.3)Unsure if FAQa was the right place to look for
help

Noncritical, low impact3, 4Moderate2 (28.6)Identified a different page as the FAQ

Critical, high impact1Low1 (14.3)Would try to contact MyChart (a clinical system)
for help

Content

Inconvenient, lowest impact4, 4, 4, 4High4 (57.1)Text-heavy or wordy pages

Noncritical, low impact3, 3, 4, 4, 4High5 (71.4)Discomfort with psychological questions

aFAQ: frequently asked question.

Debriefing interviews revealed generally positive first
impressions of the interface, and these positive impressions
persisted throughout the test. Participants’ dislikes and
recommended changes were aligned with the usability issues
documented during testing. When asked to comment on their
first impressions of the intervention, 5 participants reported
positive first impressions, of whom, 3 participants focused
specifically on the visual impression of the interface and noted
that it “look[ed] clean,” appeared “pretty straightforward,” and
was “nice, clear, easy to read.” Two participants reported
negative first impressions and focused on the text-heavy nature
of the homepage. Three participants noted that the Submit button
made entry to the intervention somewhat confusing. Participants
all reported that their first impressions did not substantially
change as they navigated the intervention.

When asked what they liked best about the intervention, 5
participants reported that the resources and content were
“informative,” “useful,” and “helpful,” and 4 participants spoke
to the design of the intervention and said that they appreciated
how the content was “succinct,” “clearly written,” “not
overwhelming,” and that the fonts and color schemes were
“pleasant.” When asked what they liked least about the
intervention, 3 participants reported that there was nothing they
did not like, 3 participants did not like the wordiness, and 1
participant described it as a “general sense of clutter.” One
participant would have liked “prettier colors,” and 2 participants

did not like the questions that the interface posed about their
voices: one participant wanted to know who would read and
respond to her responses to these standard questions, and the
other participant did not look forward to having to “write a lot
of stuff out about my voice...that's not enticing.”

When asked what they would change about the intervention, 2
participants said that there was nothing they would change. The
other 5 participants recommended changes such as adding video
content; providing short summaries of the content on each page;
less text, especially on the front page; changing the Submit
button on the landing page; and incorporating more consistent
branding, such that the intervention would be more clearly
connected to the clinic.

In participants’ responses to the product review card, 89% of
reaction words were positive. Only 1 participant chose negative
words. Despite posttask ratings and observed issues that
reflected more difficulty than we expected (Figure 4 and Table
4), participants’ word choices on the product reaction card
indicated positive feelings about the intervention. Out of 7
participants, 5 participants chose the word “organized,” and 4
participants also chose “convenient” and “easy to use.” Other
common choices were “helpful,” “relevant,” and “useful.”
Although, it may seem that product reaction card results conflict
with posttask ratings and observed issues, results from the
debriefing interviews supported an overall positive participant
reaction to the intervention. Participants were highly engaged
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with the content itself and liked that it was web-based, although
that was not the target of usability evaluations.

Overall, although participants experienced some challenges
when completing tasks within the intervention, all usability
metrics met or exceeded our predetermined goals regarding task
completion, posttask ratings, and positivity of intervention
descriptive words.

Discussion

Principal Findings
Our heuristic evaluation and usability test results provide
evidence that REDCap is a useful platform for patient-facing
web-based information and intervention delivery. Our findings
demonstrate that the REDCap intervention was functional and
usable for participants. Participants’ comments demonstrated
that they found the intervention and, by extension, its REDCap
interface, to be one that they could imagine layering into their
existing medical routines. Because the use of the REDCap
platform for direct interaction in a patient-facing health
intervention is relatively novel, and to the best of our knowledge,
this is the first formal usability assessment of REDCap used in
this manner, below we delineate specific recommendations for
researchers wishing to develop REDCap for delivery of
patient-facing interventions.

REDCap Development Recommendations
We found that the successful conversion of our initial custom
website to a patient-facing web-based REDCap intervention
aligned with and supported the overall user-friendliness of
REDCap for investigator use. Our novel use of REDCap was
further supported by the overall high acceptability and usability
observed in our formal testing. We did encounter specific
challenges, and additional information on strategies that proved

useful for our team is offered below for others considering
similar approaches to patient-facing information or intervention
delivery. Some of these challenges and mitigating strategies
may become obsolete as REDCap functionality is continually
updated. For example, in a recent update, a data dictionary was
created for ASIs, which greatly improved the ease of
intervention development and troubleshooting. In addition,
REDCap is developing options such as Mobile App and MyCap
for use on mobile devices [32].

Our study also highlighted specific and persistent features of
the REDCap intervention that detracted from user experience.
Navigation challenges identified in heuristic
evaluations—moving between help and survey queue pages,
and finding “emergency exits” from the modules—suggest that
REDCap is currently best suited to interactions that do not
require extensive navigation between different modules.
Additionally, while REDCap’s error messaging was clear and
timely, there were fewer options for making help documentation
readily available throughout the intervention without a
workaround such as a link menu at the bottom of the page. When
we evaluated the issues that participants experienced when
completing the usability test tasks, we found that some issues
were related to the structure and limitations of REDCap as an
interface. Thus, our usability findings also underscore the value
of insights gained from research with end users and could help
other researchers deploy REDCap as a patient-facing
intervention delivery method.

We encountered a few issues in converting a custom website
to a REDCap format; some issues remained unresolved and
were tested in the usability evaluations. Issues highlighted by
usability testing fell into 3 categories: conceptual expectations
of website, nonintuitive navigation, and confusing site
architecture (Table 5).
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Table 5. Adaptations in REDCap to address heuristic and usability findings.

Sample adaptation to enhance usabilityChallenges with REDCapa intervention delivery

Mismatch between format and the conceptual expectations of a website

Participant resources links and survey page instructions were moved
to the Survey Footer to separate them from module related text.

Heuristic analysis recommended better distribution of white space by
moving information to the footer, header, or side menus where possible.

Aesthetics were constrained by limited options where logos could be
added; combined logos were created to allow multiple entities to be
represented.

Participants recommended more branding visibility, as they appreciated
the affiliation of the project with their clinic.

Headers and text were revised and simplified to clarify instructions
about the study and intervention and make the intervention consistently
identifiable on each page.

Participants found page titles confusing and recommended clearer instruc-
tions and wording about the intervention and module titles.

Nonintuitive navigation through the program

A site map was not possible within REDCap. Therefore, study status
graphics were added to the first and last page of each module to show
the participant’s progression through the intervention.

No independent home page functionality besides using the Survey Queue
as a starting point, which participants found unfamiliar and confusing.

Page numbers were added to show progression through each module.Participants struggled to tell how far along they were in the program, as
the survey queue did not show what was forthcoming when using Auto-
matic Survey Invitations.

The Survey Login was enabled to use participant email to log into
REDCap instead of a random generated code.

Instructions for navigation in the FAQb were added and linked to the
FAQ in the Automatic Survey Invitation email(s).

Participants found that saving and returning using the randomly generated
code for re-entry was nonintuitive and easy to miss when leaving a sur-
vey, making returning to the intervention difficult.

The number of embedded hyperlinks was minimized. Where hyperlinks
were unavoidable, instructions were added, eg, how to navigate back
to the next part of the intervention from the patient resources webpage.

Participants experienced difficulty returning to REDCap intervention
pages after clicking on a hyperlink due lack of ability to link back to
other instruments within a survey.

Confusing site architecture

Instructions were revised to say “survey” instead of “assessment” or
“questionnaire.”

When removing survey labels was not possible, such as for instructions
in the linked tips and help documentation, descriptive text with instruc-
tions was added, eg, “Click ‘Close Survey’ to close this window. Then
go back to the program page.”

REDCap’s participant-facing interface was the survey format, and par-
ticipants struggled with hardcoded survey labels and buttons such as
Survey Login or Close Survey.

Visible use of Survey Queue was replaced with study status graphics
at the beginning and end of each module to limit the amount of “survey”
titles and buttons.

The Stealth Queue external plug-in was used to prevent the survey
queue from automatically displaying at the end of a survey.

Using the Survey Queue as the home page for the intervention confused
some participants because the program was not a survey in the typical
sense.

The number of instruments per module was reduced to limit the number
of Submit buttons.

To advance, participants needed to click the Submit button, even if
nothing was being submitted, such as after viewing educational material.

aREDCap-specific terms are in italics.
bFAQ: frequently asked question.

Strengths and Limitations
Key strengths of this study were the multidimensional nature
of our assessment, with both heuristic evaluation and formal
usability testing. For the latter, we incorporated objective and
subjective task-based data, such as timing and scoring, as well
as open-ended data formats, such as think-aloud responses and
a debriefing interview. This layered structure allowed for a rich
examination of multiple types of usability data from the
patient-facing REDCap intervention. Another key strength of
the study is that the team was multidisciplinary and included
expertise in usability, writing studies, engineering, psychology,
voice, and medicine, which allowed the incorporation of
perspectives from multiple areas, which in turn, strengthened

the potential generalizability of findings. In addition, the study
was completed with patients from the target population for the
intervention, which increased the face and content validity of
our findings [33]. Perhaps the greatest strength of this study is
that it offers a practical approach to a challenging problem: how
to translate helpful content into a format that is usable for patient
participants in an affordable, transparent manner. Our findings
allow for ready expansion to create comparison arms for our
existing studies and would be useful to other research teams
pursuing similar avenues of investigation and to clinicians or
others who may wish to deliver information to patients and
clients in an interactive secure manner. The limitations of the
study include its small sample size and the limited diversity
therein, which both impact generalizability. However, the
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strengths of the study outweigh its limitations, and we hope to
address these limitations in future studies.

Considerations for Researchers
REDCap is an appealing platform for a web-based intervention
because of its ease of use for researchers and participants,
favorable cost and accessibility, and overall effective usability.
Furthermore, REDCap is an evolving resource, with additional
functionalities frequently being added. In some cases, new
functionalities alter the behavior of current active projects, and
in other cases, new functionalities offer helpful solutions to
important challenges. We recommend that researchers
developing an intervention with REDCap’s current capabilities
consider customizing REDCap delivery based on intervention
needs using tools such as field variables, structured module
timing, and piping options; minimizing the use of tools that
display the hardcoded term “survey” in the text, such as survey
queue, submit survey buttons (unless the study is purely a
survey); enabling survey log-in and provide clear information

on how to navigate in and out of the intervention; making stage
of progression through the intervention clear (eg, page numbers,
study status graphic); and paying close attention to REDCap
updates that may change functionality.

REDCap may be particularly helpful for developing functional
intervention prototypes, because it allows researchers to
efficiently incorporate changes based on participant feedback
for rapid testing of iterations of the content and format. It also
allows for the efficient creation of comparison study arms.
Interventions developed in this manner could be optimized and
permanently used in REDCap, or used as a functional prototype
or model for a custom website. Overall, our findings suggest
that REDCap can effectively be used for patient-facing
intervention delivery, particularly with adaptations such as those
suggested above to optimize its usability. We anticipate that,
as REDCap evolves and continues to partner with clinicians
and researchers, its applicability will expand even further,
reducing barriers for teams offering patient-facing interventions.
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Abstract

Background: The availability of mobile clinical decision support (CDS) tools has grown substantially with the increased
prevalence of smartphone devices and apps. Although health care providers express interest in integrating mobile health (mHealth)
technologies into their clinical settings, concerns have been raised, including perceived disagreements between information
provided by mobile CDS tools and standard guidelines. Despite their potential to transform health care delivery, there remains
limited literature on the provider’s perspective on the clinical utility of mobile CDS tools for improving patient outcomes,
especially in low- and middle-income countries.

Objective: This study aims to describe providers’ perceptions about the utility of a mobile CDS tool accessed via a smartphone
app for diarrhea management in Bangladesh. In addition, feedback was collected on the preliminary components of the mobile
CDS tool to address clinicians’ concerns and incorporate their preferences.

Methods: From November to December 2020, qualitative data were gathered through 8 web-based focus group discussions
with physicians and nurses from 3 Bangladeshi hospitals. Each discussion was conducted in the local language—Bangla—and
audio recorded for transcription and translation by the local research team. Transcripts and codes were entered into NVivo (version
12; QSR International), and applied thematic analysis was used to identify themes that explore the clinical utility of an mHealth
app for assessing dehydration severity in patients with acute diarrhea. Summaries of concepts and themes were generated from
reviews of the aggregated coded data; thematic memos were written and used for the final analysis.

Results: Of the 27 focus group participants, 14 (52%) were nurses and 13 (48%) were physicians; 15 (56%) worked at a diarrhea
specialty hospital and 12 (44%) worked in government district or subdistrict hospitals. Participants’ experience in their current
position ranged from 2 to 14 years, with an average of 10.3 (SD 9.0) years. Key themes from the qualitative data analysis included
current experience with CDS, overall perception of the app’s utility and its potential role in clinical care, barriers to and facilitators
of app use, considerations of overtreatment and undertreatment, and guidelines for the app’s clinical recommendations. Participants
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felt that the tool would initially take time to use, but once learned, it could be useful during epidemic cholera. Some felt that
clinical experience remains an important part of treatment that can be supplemented, but not replaced, by a CDS tool. In addition,
diagnostic information, including mid-upper arm circumference and blood pressure, might not be available to directly inform
programming decisions.

Conclusions: Participants were positive about the mHealth app and its potential to inform diarrhea management. They provided
detailed feedback, which developers used to revise the mobile CDS tool. These formative qualitative data provided timely and
relevant feedback to improve the utility of a CDS tool for diarrhea treatment in Bangladesh.

(JMIR Hum Factors 2022;9(1):e33325)   doi:10.2196/33325

KEYWORDS

clinical decision support tools; diarrhea management; focus group; formative qualitative research; low- and middle-income
countries; mobile phone

Introduction

Background
Mobile technology has had a major impact on the rapid access
and transfer of information globally. Today, it is estimated that
>5 billion people have mobile devices, with over half of these
being smartphones [1]. In the health care sector, smartphones
are increasingly used to improve communication between
physicians and patients as well as to improve clinical
decision-making. With >300,000 mobile health (mHealth) apps
available in major app stores, the availability of mobile clinical
decision support (CDS) to health care professionals has grown
substantially with the increased prevalence of smartphone
devices and apps [2,3]. Defined as information systems designed
to improve clinical decision-making, traditional forms of CDS
range from integration of electronic health records to software
apps providing guidelines on a clinical topic [4]. A survey
conducted in the United States by the Health Information and
Management Systems Society [5] revealed that nearly 90% of
providers use mobile devices to engage with patients, whereas
a US-based survey analyzing physician information sources [6]
found that 72% of physicians use a smartphone or tablet to
access drug information and 63% to access medical research.

Although existing CDS systems enable health care professionals
to leverage the benefits of technology and information for their
clinical practice, many individual, institutional, and
technological barriers affect the engagement of clinicians with
these new technologies. For instance, in a study conducted in
the United Kingdom, physicians found it difficult to integrate
mobile CDS into their pattern of work, prompting them to seek
alternative sources of CDS [7]. Several studies examining
mobile CDS use by physicians in the United Kingdom and
United States found that the uptake of mobile CDS was hindered
because of their perception that using or adopting such
technology included having to choose between suggestions
given by mobile CDS and traditionally trusted sources,
disagreement between information provided by mobile CDS
and standard guidelines, and the belief that the use of mobile
CDS would be perceived as being unprofessional by the patient
[7,8].

Such concerns are not limited to high-income countries (HICs).
A cross-sectional study aimed at assessing smartphone medical
app use among physicians in Ethiopia found that the perceived

usefulness of the app was one of the most notable factors
associated with medical app use by physicians along with
attitude, internet access, technical skills, and information
technology support staff [9]. Furthermore, providers in low-
and middle-income countries (LMICs) have expressed
willingness to use mHealth tools and perceive such technology
as playing an important role in reducing health care barriers
[9-11]. A comparative study analyzing the limitations of mobile
CDS app adoption and use by clinicians in LMICs versus HICs
found that users from LMICs, primarily those who practice on
their own in rural settings, used the app more frequently and
rated the app as more important for their practice [11]. However,
another study has shown that the use of CDS in resource-limited
settings was associated with stronger adherence to standard
guidelines. More specifically, a randomized controlled trial in
Bangladesh found that electronic decision support improved
treatment changes that were more consistent with the World
Health Organization (WHO) guidelines [12]. However, even
with such successes, engagement and implementation of such
tools are hindered by limited awareness of mHealth, illiteracy,
variable quality of care, and poor network connectivity [10]. In
both HICs and LMICs, although providers express interest in
integrating mHealth technologies in a clinical setting and have
reported positive perceptions toward using mobile CDS as part
of everyday practice, many are unconvinced of its overall
clinical usefulness for patient outcomes because of the lack of
literature on this topic [7,13-15].

Objectives
Despite the potential to transform health care delivery, much
still remains unknown about the clinical usability of mobile
CDS from a provider perspective, especially in LMICs. As such,
the aim of this study is to describe providers’ perceptions about
the utility of a mobile CDS tool that integrates predictive models
for dehydration assessment in patients with acute diarrhea in
Bangladesh and to seek their feedback on the preliminary
components of this CDS tool. Qualitative data were gathered
through focus groups, with physicians and nurses working in
diverse clinical settings, including specialty research and general
public hospitals. In consulting with clinicians, we hope to better
adapt, and increase user confidence in, the predictive models
and treatment recommendations provided by this tool. By
seeking feedback on the tool’s layout and design to ensure that
it fits appropriately into different clinical contexts, this formative
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qualitative research better enables the designers to build a CDS
tool that anticipates and addresses the aforementioned barriers.

Methods

Study Design and Setting
Qualitative data were collected in a series of focus group
discussions (FGDs) from November to December 2020 among
clinicians working at 3 distinct hospitals in Bangladesh as part
of the Novel, Innovative Research for Understanding
Dehydration in Adults and Kids (NIRUDAK; which also means
dehydration in Bangla) study. NIRUDAK is an ongoing research
effort to develop diagnostic models and incorporate them in a
mobile app to support clinical decisions in the treatment and
assessment of dehydration severity in patients with acute
diarrhea. The focus groups obtained feedback from nurses and
physicians on the clinical utility of the NIRUDAK mHealth app
(NIRUDAK app) to understand the current use of mHealth and
other CDS tools, understand factors clinicians consider essential
in treating patients with diarrhea, review the preliminary app
design and content, and seek feedback on app development
before a pilot test and trial of its clinical use.

Owing to travel restrictions imposed by the COVID-19
pandemic, all data were gathered using a web-based platform
(Zoom; Zoom Video Communications, Inc). Data were collected
from clinicians working at three hospitals in Bangladesh: (1)
the International Centre for Diarrhoeal Disease Research,
Bangladesh’s (icddr,b) Dhaka Hospital; (2) Narayanganj General
Victoria District Hospital; and (3) Shaheed Ahsan Ullah Master
General Hospital (also known as Tongi Upazilla or Subdistrict
Hospital). icddr,b’s Dhaka Hospital is a 350-bed, not-for-profit
international research hospital specializing in the treatment of
diarrheal illnesses and providing clinical services at no charge
to over 100,000 patients with acute diarrhea a year from a
catchment area of over 17 million people from the city of Dhaka
and its nearby rural districts [16]. Narayanganj General Victoria
District Hospital is a 100-bed facility in the town of Narayanganj
[17]. Treating 30 to 40 patients with diarrhea per day, this
district hospital works as a referral center to primary-level
facilities, such as Tongi Upazilla, and is also a site of the
nationwide diarrhea surveillance program run by the Institute
of Epidemiology, Disease Control and Research and icddr,b.
The Tongi Upazilla Hospital, a 250-bed hospital, acts as a
primary-level health facility in the district of Gazipur [17].

Dehydration Management and the NIRUDAK App
Appropriate rehydration with oral and intravenous fluids is the
most important treatment for acute diarrhea and requires an
accurate assessment of dehydration level [18-24]. Patients with
mild to moderate dehydration can be treated with oral
rehydration solution in the outpatient setting, whereas those
without any dehydration often times need only instructions for
management at home [23-25]. Patients with severe dehydration
require intravenous fluids in a hospital setting to avoid
hemodynamic instability, organ ischemia, and death [23-25].
As the severity of illness can vary greatly among patients,
accurate assessment of dehydration status remains a critical step
in diarrhea management and can reduce morbidity and mortality
that results from both overhydration and underhydration of
patients [23-25].

The NIRUDAK app was developed to incorporate several
clinical diagnostic models, derived using logistical regression,
for assessment of dehydration severity in patients with acute
diarrhea aged >5 years (full and simplified NIRUDAK models)
and in children aged <5 years (DHAKA [Dehydration: Assessing
Kids Accurately] score) [23,26]. On the basis of a review of
literature and consultation with expert clinicians at icddr,b, a
total of 18 signs or symptoms of dehydration were selected to
derive the full NIRUDAK model. A total of 11 more basic
clinical predictors were selected for the simplified NIRUDAK
model with the intention that it could be used in settings where
resources may be limited (ie, places without the ability to
measure blood pressure, which is required for the full model)
[23]. After assessing each model’s performance, the final full
NIRUDAK model included 8 predictors of dehydration, and
the final simplified NIRUDAK model included 7 (Multimedia
Appendix 1) [23]. The algorithms of both models were then
incorporated into a mobile app prototype. The prototype was
derived from an mHealth CDS (Rehydration Calculator) that
adapted paper-based WHO guidelines to the digital medium
[27,28]. The prototype allowed for clinicians to enter a patient’s
symptoms in the input screen (Figure 1A) and to receive the
patient’s dehydration severity level and specific treatment
recommendations on the output screen (Figure 1B). Once
validated, the NIRUDAK app will enable dehydration severity
level assessment (none, some, or severe) and improve the
management of patients with acute diarrhea in low-resource
settings.

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e33325 | p.329https://humanfactors.jmir.org/2022/1/e33325
(page number not for citation purposes)

Rosen et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 1. Screenshots of the NIRUDAK app’s input and output screens shown to the participants during focus group discussions. (A) The input screen
illustrates where clinicians enter relevant data based on a clinical assessment. (B) The output screen displays the patient’s dehydration severity level
and fluid deficit as well as targeted recommendations for rehydration. NIRUDAK: Novel, Innovative Research for Understanding Dehydration in Adults
and Kids.

Study Participants
A total of 8 focus groups were conducted. Of the 8 focus groups,
2 (25%) were conducted with clinicians from each of the district
and subdistrict hospitals, one with nurses and the other with
physicians. Moreover, of the 8 focus groups, 4 (50%) were
conducted with icddr,b providers, 2 (25%) with physicians and

2 (25%) with nurses. Each focus group ranged from 2 to 4
participants, with most focus groups being conducted with 4
participants. The number of participants per focus group was
deliberately kept low, in keeping with best practices for remote
focus groups [29,30].
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Data Collection
All FGDs were conducted using a web-based platform (Zoom)
in Bangla and facilitated by a member of the Bangladesh-based
research team. Facilitators used a written focus group agenda,
which ensured that all groups were facilitated similarly, and all
participants were asked the same series of questions. The agenda
asked about the current use of mHealth tools and then presented
a standardized case of a patient with diarrhea. Clinicians were
asked to identify the patient data essential to determining
diarrheal treatment, including rehydration. Facilitators then
showed a short video of a prototype app, demonstrating its key
features, input screens, and components. Still images of each
screenshot were then shown; participants were asked for
feedback on input and output screens and to choose between
different possible layouts and models for the final mHealth app.
Most of the focus groups were approximately 1-hour long, and
typed transcripts ranged from 26 to 29 pages. Each discussion
was audio recorded for transcription and translation by the local
research team, which included the facilitators.

Transcription and translation were conducted in multiple steps
and took approximately 8 weeks to complete. First, audio
recordings were transcribed into Bangla. Next, another team
member reviewed the audio and Bangla transcript to ensure
accuracy and that all data had been deidentified. The Bangla
transcripts were then translated into English by a research team
member proficient in written and spoken English. The English
transcripts were reviewed in Bangladesh by a third team member
for accuracy. Finally, a US-based research team member read
each English transcript to determine if any further clarification
was needed. The Bangladesh-based research team reviewed and
resolved all translation clarification requests. Once these were
addressed, the English transcripts were considered finalized and
used in the coding and data analysis process.

Data Analysis
The research team used applied thematic analysis, a rigorous
yet inductive approach designed to identify and examine themes
from textual data [31]. Several steps were conducted to augment
the rigor and credibility of the qualitative analysis, with coding
occurring in 2 major stages.

In stage 1, coding structures were derived inductively as themes
and repetitions emerged from reading the first 3 transcripts line
by line and systematically categorizing emergent codes. A
codebook was created to index and define each emergent code.
An audit trial was used to document the iterative process of
consolidating and creating emergent codes. In stage 2, the 8
transcripts were independently coded by 2 analysts who then
met to compare codes and resolve discrepancies to establish
intercoder agreement. Transcripts and codes were entered into
NVivo (version 12; QSR International) for analysis [32].

Next, summaries of concepts and themes were generated from
reviews of the key aggregated coded data. Coding summaries
report participant comments for relevant codes, tracking the
number of comments and the distribution of the data among
participants. Data in the code summaries were organized by
clinician category (nurse or physician) and hospital type
(specialty, district, or subdistrict) for easy comparison of
similarities and differences among the participants in those
categories. Thematic memos, which gathered data from several
summaries into key topic areas, were then written and used for
the final analysis.

Five qualitative team members participated in the analysis: three
coders (the study project coordinator [MG]; a master’s level
analyst [RL]; and one of the coinvestigators, a PhD
anthropologist [RKR]), who were supported by two
coinvestigators with experience in treating diarrhea in
Bangladesh (SCG and SN). All data and memos were interpreted
in collaboration with both US- and Bangladesh-based research
team members and with the principal investigator (ACL) and
app designer (EJN; both doctors of medicine with extensive
global health and diarrheal disease expertise) for the purpose
of identifying themes that explore the clinical utility of an
mHealth app to assess dehydration severity in patients aged >5
years with acute diarrhea.

Ethical Approval and Consent to Participate
Ethical approval for the formative phase of the NIRUDAK study
was obtained from the icddr,b (PR-20048) and the
Lifespan-Rhode Island Hospital (1624612) institutional review
boards.

Results

Overview
In total, 8 focus groups were attended by 27 participants. Of
these 27 participants, 14 (52%) were nurses and 13 (48%) were
physicians; in addition, of the 27 participants, 15 (56%) worked
at icddr,b Dhaka Hospital and 12 (44%) worked in government
district and subdistrict hospitals. The participants’ experience
in their current position ranged from 2 to 14 years, with an
average of 10.3 (SD 9.0) years. Additional demographic
information is shown in Table 1.

Several key themes emerged from the qualitative data analysis:
current experience with CDS, overall perception of the app’s
utility and its potential role in clinical care, feedback on specific
app details, barriers to and facilitators of app use, considerations
of overtreatment and undertreatment, and guidelines for the
app’s clinical recommendations. We present these themes in
our results and consider the implications of each for the CDS
tool development in the discussion that follows.
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Table 1. Baseline demographics (N=27).

ValuesCharacteristics

Age (years), n (%)

6 (22)25-34

16 (59)35-44

4 (14)45-54

1 (3)55-64

Sex, n (%)

9 (33)Men

18 (66)Women

Position and degree, n (%)

14 (51)Nurse

5 (35)Diploma

4 (28)Bachelor’s degree

5 (35)Master’s degree

13 (48)Physician

8 (61)MBBSa

5 (38)Master’s degree

Monthly household incomeb, n (%)

7 (25)10,001-50,000 BDT (US $116-580)

6 (22)50,001-100,000 BDT (US $581-1160)

14 (51)>100,000 BDT (>US $1160)

10.3 (9.0)Experience in current position (years), mean (SD)

Hospital location, n (%)

15 (55)icddr,bc

7 (25)Tongi Upazilla Subdistrict Hospital

5 (18)Narayanganj General Victoria District Hospital

aMBBS: Bachelor of Medicine, Bachelor of Surgery (a degree for physicians in Bangladesh).
bAt the time of the focus group discussion, the US dollar to Bangladesh taka exchange rate was US $1=83.3 BDT.
cicddr,b: International Centre for Diarrhoeal Disease Research, Bangladesh.

Current Experience With CDS
Many, if not all, icddr,b participants (both physicians and nurses)
indicated that they had previous experience with CDS and
web-based tools. icddr,b clinicians had used SHEBA, an
integrated, computerized, and paperless hospital information
management system that has been in use since 2009 [33]. The
clinical system is installed on all desktops and is the hospital
system for patient records. Participants indicated that
instructions related to patient follow-up and discharge can be
entered into the system as well. District and subdistrict hospital
clinicians had some CDS tool experience, including a diarrhea
management tool; however, overall, they reported limited
practice experience. Many participants, regardless of the setting,
mentioned using the Bangladesh Drug Information Management
System, a software-based information app used on a mobile
phone. Some participants mentioned using UpToDate, an
evidence-based clinical resource that includes several medical

calculators. Finally, a few participants mentioned using apps
for researching literature or for calculations, such as BMI.

Overall Perception of the App’s Utility and Role in
Clinical Care
Most participants were enthusiastic about the NIRUDAK app.
Participants felt that it would take some time to learn to use the
app but that once learned, the app would be easy to use and
have the potential to ease or decrease their workload over time.
A participant noted that when they started practicing medicine,
patient assessment was tracked on paper and is now being
tracked by computer. They noted the following about using this
app:

[Using the app] is a matter of time, also learning. We
want to assess [dehydration] with less things. By this
I mean...having less buttons or features so our work
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will be easier. If that can happen, that will be good
for us. [specialty hospital nurse]

To start using a new thing, initially some problems
will occur, which is normal. But it’s an excellent app.
If anyone uses [this app], it definitely will be
beneficial, and it’s easy. Not only doctors but also
nurses can use it comfortably and, in many cases, our
[work] load will decrease. Yes, [the app] is excellent,
I think, it can be used. [government hospital
physician]

Confidence in the app was explicitly discussed in 2 FGDs with
nurses. In these FGDs, the nurses reported enthusiasm for the
app and felt confidence in use of the app: “You can send this
app to any end of the world without hesitation” [specialty
hospital nurse].

Several participants noted that the app and its recommendations
should not exist in isolation from the clinician and could not
replace clinician experience. For instance, participants noted
that clinician decision-making for a patient with diarrhea may
be more complex than solely determining the level of
dehydration. Other comorbidities, such as diabetes and
electrolyte imbalances, are important to recognize and may
impact the management of diarrhea and dehydration versus the
standardized output from the app. Several participants felt that
clinical experience could be relevant to decide when the app
use was appropriate; for example, clinicians must first make a
determination that patients have dehydration versus sepsis in
which fluid management strategies may differ substantially:
“[If] I give the total [amount of] fluid [recommended by the
app] for a patient with severe dehydration and [the patient also
has] sepsis, in that case it will be detrimental for the patient”
[specialty hospital physician].

Feedback on Specific App Details

Overview
During the focus group, participants reviewed screenshots of
the NIRUDAK app prototype, including images of the input
and output screens. Here, we present comments from our
participants about the following three specific app elements:
age, danger signs, and the fluid deficit bar used in treatment
recommendations. Each element is described in the next
sections, with associated participant comments. Figure 1
provides the images of each component.

Age
Patient age is one of the first characteristics on the app input
screen (Figure 1A). Although some participants recommended
amending the age input field to include years and months rather
than a calendar drop-down, most of their comments often
focused on relevant treatment differences for young children or
geriatric patients. These included the utility of mid-upper arm
circumference (MUAC) measurement; availability of equipment
for measuring blood pressure in children; and use of
age-appropriate antibiotics, zinc, and vitamin A.

Danger Signs
The input screen also includes several specific danger signs.
Temperature, entered in either degrees Celsius or degrees

Fahrenheit, is recorded by choosing one of three radial buttons:
<35, normal, and >37.9. A total of two Yes or No radial buttons
were used for each of the following: fast breathing (defined as
>40 breaths per minute [bpm]), unable to drink, and convulsions
(Figure 1A). Participants found all of these data important for
clinical judgment and diarrhea assessment. Suggestions for this
screen included adding urine color, using a drop-down menu
rather than Yes or No radial buttons for more precise
measurement of ability to drink, and including the presence or
absence of epigastric pain and comorbidities, such as diabetes
or hypertension. A few others suggested that it would be
important to have a means to record ongoing urine output,
including the time last urine passed. Regarding the fast breathing
field, some participants suggested that the respiratory rate cutoff
>40 bpm was high. A participant’s comments also suggested
that they misunderstood bpm to reference a patient’s pulse rate
(ie, beats per minute).

The danger sign output screen provides algorithm-based
recommendations using the input data. For example, when high
fever is present, the app recommends “Check for sepsis or other
causes.” If the patient is vomiting and unable to drink, the app
recommends “Space ORS sips or use IV fluids” (see the example
in Figure 1B). Participants found the danger sign output
important and relevant, with a participant commenting that
sepsis cannot be properly diagnosed with the limited information
used by the app.

Dehydration Assessment, Treatment Recommendations,
and the Fluid Deficit Bar
The NIRUDAK app assesses dehydration according to what is
entered in the dehydration assessment section of the input page
(Figure 1A). Predictors included in this assessment are
dependent on the selected NIRUDAK models (Multimedia
Appendix 1 [23]) but generally included the following variables:
eye level (normal or sunken), radial pulse (normal, decreased,
or absent), vomiting in the last 24 hours (none, 1-5, 6-10, or
>11 times), respiration depth (normal or deep), and skin pinch
(rapid, slow, or very slow). A participant suggested adding the
number of times stool has been passed to this section of the
input page. Other responses to this screen included that it would
take a little bit of time to choose from among the drop-down
menu choices but that having the choices helped describe a full,
clear scenario of the patient. In this discussion, another
participant stated:

...[this app] is a good effort and [for] those who do not know
[how to assess dehydration], they, by using the app, can do
many things. [For] many people, [being in a] life threatening
[situation] can be avoided. It is a great effort and a beautiful
process; very good, I like the [app]. [government hospital nurse]

Using the information provided in the dehydration assessment
section of the input screen, the output screen indicates whether
the patient has some, moderate, or severe dehydration and
whether danger signs are present. It also makes a
recommendation about whether treatment in a hospital is needed,
indicates the percent body weight lost, and provides a horizontal
bar indicating the percentage of fluid deficit (Figure 1B).
Participants discussed this output screen at length, many
indicating that it was helpful and would be easy to use and/or
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understand. A few participants commented that training would
be needed to ensure that users would be familiar with the deficit
bar and would understand the output and how to use it in
treatment. Other recommendations included increasing the font
size as well as color coding the information in red, yellow, and
green to draw attention to patient risk level and treatment
location. A participant also suggested clearly demarcating lines
for the percentages on the fluid deficit bar. When asked to
choose between an output screen with the fluid deficit bar and
one without it, participants who stated a preference all chose
the model with the fluid deficit bar. In 1 focus group, nurses
discussed how the dehydration percentages for some, moderate,
and severe dehydration are related to the WHO treatment
guidelines for acute diarrhea [34]. Participants also discussed
the role of weight in the calculation and the output screen, noting
that if the patient’s weight was based on an estimate rather than
an actual measurement, the deficit bar data could be less useful
or even incorrect. When asked if the dehydration assessment
output would be helpful, a participant said:

Yes, definitely. Yes, obviously [it] will be helpful
because I am getting it absolutely readymade. I do
not have to think that much…This is excellent, isn’t
it? Excellent, nothing else, absolutely first class.
[government hospital physician]

Barriers to and Facilitators of App Use
We asked participants what they thought it would be like to use
the NIRUDAK app in clinical practice, who should use the app
tool, and what would support app use. Participants identified a
variety of potential barriers to and facilitators of app use.

Barriers to use included the time it could take to train clinicians
to use the app and the requirement for MUAC and systolic blood
pressure (SBP) measurements. MUAC and SBP are used in
calculating treatment recommendations in the full NIRUDAK
model; however, participants noted that some clinical
environments do not have MUAC measurement tape and blood
pressure cuffs available:

...many times...digital blood pressure for children are
not available. In that case, getting these two things
[MUAC, SBP] accurately will be a bit difficult if I
want to use it for mass population...I think the things
[MUAC, BP] are good, but to use in mass population
is a bit difficult. [specialty hospital physician]

Similarly, it is not always possible to know if the patient has
any medication allergies or another required field, particularly
if they are nonresponsive.

Factors that ease or facilitate app use included clinicians’current
experience with and use of other web-based tools, including
local electronic health record systems, and familiarity with touch
screens and other clinical apps:

As we are used to using the SHEBA app, in that case
for us, it will not take so much time [to learn how to
use app]. But, at the community level, [there may be
patient] rush over there or [limited] manpower. In
that case, for them, [app use] might face some
problems. [specialty hospital physician]

Recognizing that the app could be used in a variety of contexts,
we asked what it would be like to use the app via telemedicine
during a cholera outbreak and if community health workers
(CHWs) could use it. There was a difference of opinion about
whether the app could be incorporated into telemedicine. Some
participants felt telemedicine use was possible, whereas others
cautioned that important symptoms, such as sunken eyes, cannot
be properly assessed via telemedicine. Many participants saw
the app as useful for quick assessment and diagnosis, relatively
easy to learn, and not requiring too much time to use, all of
which would make it particularly useful during outbreaks. In
contrast, some participants noted that time is further limited by
the high numbers of patients requiring treatment during a cholera
epidemic. In addition in that context, intravenous rehydration
is usually started immediately upon arrival. As such, once
rehydration has begun, there could be less need and time for
assessment via the app, especially if MUAC and SBP
measurements were required. The ability to calculate the
recommended treatment without MUAC and blood pressure
fields was considered a useful option for this context.

Opinion was divided on whether CHWs could use the app as a
CDS tool. Although several participants, of which many were
nurses, felt that CHWs would be able to use the app,
others—often physicians—cautioned that clinical experience
was essential and could be a limiting factor to nonphysician use
of the app. Those who felt CHWs could use the app noted that
it would make treatment decisions easy:

...to input information will be very easy. It may take
1 minute, or 2 minutes, or 3 minutes. Therefore, if
health workers are trained, I think that they all can
use this app...to make treatment decision. [government
hospital physician]

This could be a benefit in areas where physicians are less
available. Caveats to CHW use included a concern that they
would need to be trained to avoid mistreatment and to
specifically observe the danger signs that indicate when
hospital-based treatment is necessary.

Participants emphasized the relevance and importance of
considering the end user’s clinical expertise and judgment in
two main ways: first, clinical experience is needed to support
the use of the app through the accurate assessment of clinical
signs, and second, the importance of avoiding overreliance on
the app for clinical decision-making. Participants recognized
that clinicians with varying levels of experience may interact
differently with the app and that those with less experience may
not recognize situations in which the app is less accurate or
when there may be a degree of subjectivity (eg, assessment of
clinical signs, such as sunken eyes). Similar comments were
made by participants about the use of other formal clinical
guidelines, which were felt to be primarily used by less
experienced clinicians, whereas more experienced clinicians do
not rely on guidelines as heavily: “We really do not treat people
by [only using] guidelines in front of us, we [also] use our
clinical judgement” [government hospital physician].
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Considerations of Overtreatment and Undertreatment:
Guidelines for the App’s Clinical Recommendations
Physicians were shown the WHO’s Integrated Management of
Adolescent and Adult Illness (IMAI) guidelines for the
classification of dehydration [21]. These use the presence of 2
or more clinical signs to classify dehydration as no, some, or
severe and recommend appropriate treatment based on the
dehydration classification [21]. Some participants, chiefly those
from icddr,b, referenced the use of existing guidelines for the
treatment of diarrhea, including the WHO guidelines and
DHAKA method [22].

Physicians were also provided with data about the likelihood
of correct treatment, overtreatment, and undertreatment of
dehydration using the WHO’s IMAI algorithm, and with 3
possible prediction cut points for classifying patients with severe
dehydration in the NIRUDAK models (Figure 2). Each of these
cut points corresponds to potential sensitivity and specificity
thresholds for the NIRUDAK models. Sensitivity refers to the
probability that the app will classify a patient as severely
dehydrated when the patient is truly severely dehydrated (ie,

true positive). Specificity refers to the probability that the app
will classify a patient as not severely dehydrated when they are
truly not severely dehydrated (ie, true negative) [25,35-37]. As
presented in Figure 2, NIRUDAK option 1 illustrates a more
sensitive model, selecting cutoffs in which of 100 patients, 57
(57%) would be correctly treated, 1 (1%) would be undertreated,
and 42 (42%) would be potentially overtreated. This option
avoids undertreating severe dehydration but may misclassify
some patients who are not truly severely dehydrated. By
contrast, NIRUDAK option 3 illustrates a more specific model,
selecting cutoffs in which of 100 patients, 73 (73%) would be
treated correctly, 3 (3%) would be undertreated, and 24 (24%)
would be overtreated. This third option, compared with the other
2, avoids overtreating nonsevere dehydration but may
misclassify some severely dehydrated patients as being
nonsevere. Option 2 illustrates a model that falls in between
options 1 and 3, neither highly sensitive nor highly specific.
Facilitators asked physician participants to discuss their
preferences and to weigh the risks and benefits of possibly
undertreating severe cases and overtreating cases in which
dehydration is not severe.

Figure 2. Overtreatment or undertreatment diagram presented to participants during focus group discussions. IMAI: Integrated Management of
Adolescent and Adult Illness; NIRUDAK: Novel, Innovative Research for Understanding Dehydration in Adults and Kids; WHO: World Health
Organization.

In general, participants indicated that it is important to avoid
both undertreating and overtreating patients. In discussing the
importance of not missing cases of severe dehydration, the
physicians listed the subjective nature of some of the signs and
symptoms used by the app and noted that these differed among
very young, middle-aged, and older participants.

Physician preference was generally split between options 1 and
2. There were also no differences between physicians from the
two settings regarding option choice; 3 doctors from icddr,b
and 4 from government hospitals preferred option 1, whereas
2 physicians from each setting preferred option 2. In addition,

2 participants declined to make a selection or argued that
although missing a patient with severe dehydration is
problematic, because the patient may die, overtreatment can
cause loss and damage as well: “over treatment is as perilous
as [being] dehydrated” [specialty hospital physician].

Discussion

Principal Findings
Participants in the 8 focus groups were mostly enthusiastic about
the NIRUDAK app, a novel CDS tool for diarrheal management
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in low-resource settings. They highlighted the potential for time
saving and the utility of the product during high-volume patient
periods, such as during a cholera outbreak. Participants’opinions
about key components and the barriers to and facilitators of app
use were shared with the coinvestigators and the app design
team and informed the next stage of the app development.

Factors that support the use of the NIRUDAK app include
clinicians’ familiarity with, and current use of, other mHealth
tools, including a touch screen or haptic electronic medical
record and other phone-based clinical apps. Notably, discussions
about the anticipated utility of the app often occurred during
FGDs with nurses, which could reflect a greater role that CDS
tools may have for nurses than for physicians. This is an
important consideration for the scale-up of the use of the app,
given that a large number of patients with acute diarrhea and
other common illnesses in LMICs are attended to by nurses or
nonphysician health workers working in health centers rather
than by physicians in hospital settings [38]. These findings
suggest that targeting the use of the app toward nurses or
nonphysician clinicians, especially those working in health
facilities with lower resources, may allow the app to have the
greatest impact.

However, several physicians, cautioned against the use of the
app by those with no or little formal clinical training, such as
CHWs, versus those with formal clinical training, such as nurses
and physicians. Such concerns were due to the possible misuse
of the app or that CHWs may not be able to adapt the app’s
recommendations to unique cases. Further guidance and training
in the use of the app and assessment of clinical signs may be
important for the implementation of the app among CHWs and
is in line with other recommendations that improving knowledge
and skills is essential to improving the quality of care provided
in LMICs [39].

The NIRUDAK app uses patient data to provide rehydration
and other treatment recommendations based on whether the
entered information indicates that the patient has no, some, or
severe dehydration. The focus group questions about
participants’ use of existing treatment models, specifically the
WHO’s IMAI and the DHAKA method, were designed to help
the researchers understand clinicians’ opinions and treatment
practices and to guide the models used in the NIRUDAK app
itself. Of note, the overtreatment and undertreatment models
shown in Figure 2 were provided as an aid during the FGDs so
that the physicians could visually see how the various prediction
cut points potentially used by the app would affect patient
treatment. Our participants were concerned about the use of
MUAC and SBP as metrics in calculating the rehydration
recommendation. Although participants from the diarrheal
specialty hospital indicated that these tools are sometimes used
and may be available, participants from both the specialty
hospital and the government hospitals cautioned that MUAC
and SBP measurement will likely be unavailable in government
hospitals or in more remote treatment clinics. Although the
NIRUDAK app includes separate models based on resource
availability, in response to this concern, the developers ensured
the app automatically transitions to the simplified model for

dehydration assessment when the user selects Not Available for
either MUAC or SBP (Figure 3A). Such a feature was highly
desirable by clinicians and will be appropriate for the app’s use
in contexts similar to Bangladesh at both specialty diarrhea and
government hospitals. In general, CDS and mHealth tools in
LMIC contexts must always consider resource limitations and
allow for adaptation within the tool itself depending on resource
availability [40].

The app developers made several other changes based on focus
group participants’ feedback (Figure 3). The age input field has
been amended to include years and months for children aged
<5 years. In addition, as 1 participant misunderstood bpm on
the input page, this acronym was changed to its expanded form
breaths per minute to prevent further confusion (Figure 3A).
The development team was also concerned that the danger signs
screen potentially required too much time and considered
eliminating it. However, as the participants found it important
and relevant, the danger signs section remained on the output
screen (Figure 3B). After favorable feedback from participants,
the fluid deficit bar, which was also under consideration for
elimination, was not only retained but also redesigned in line
with participants’ reflections. The participants felt that it
provided a necessary visual interpretation to help understand
both the severity of a patient’s dehydration and how much fluid
they needed as part of their management (Figure 3B). In
addition, it is also an improvement over the current WHO
guidelines, which do not provide patient-specific guidance on
how much fluid to give [21]. Finally, based on the feedback
from the participants, option 2 was chosen as the default for
predicting dehydration severity. However, because of the
concerns expressed by the participants on overtreating or
undertreating patients, an additional option was added to the
settings menu of the NIRUDAK app that allowed clinicians to
switch to the more sensitive option 1, which minimizes
undertreatment, or the more specific option 3, which minimizes
overtreatment, based on their practice settings and individual
patient factors. The fact that there were no patterns of difference
or preference between the 2 clinical settings further supported
the decision to have both options available in the app.

Participant comments about the varying contexts of use and the
varying needs of users indicate that this decision support tool
for diarrhea treatment will be used differently depending on the
clinician’s role and the clinical context. For nurses and CHWs,
the treatment recommendations provided through the app may
be directive or proscriptive. For physicians and other advanced
practitioners with significant diarrheal treatment experience,
the app will support their clinical experience and judgment.
Allowing clinicians to adjust the app settings, choosing between
a more sensitive, more specific setting and the default setting
both preserves the physician autonomy and allows for flexibility,
making the app more generalizable to different clinical contexts,
including when cholera is epidemic. In addition to the design
choice allowing users to flexibly adapt the sensitivity and
specificity of treatment recommendations, information tabs,
which provide details on the model used, have been added to
the app.
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Figure 3. Screenshots of the NIRUDAK app’s (A) input screen and (B) output screen after participants provided detailed feedback on the app. NIRUDAK:
Novel, Innovative Research for Understanding Dehydration in Adults and Kids.

Limitations
These qualitative data about the clinical utility of the NIRUDAK
app come from focus groups in which participants were shown
still images of the app prototype. Consequently, feedback is
limited to opinions about the appearance and content of the app;
it is not based on actual use. Although conducting FGDs
virtually using the Zoom platform allowed for the completion

of data collection during the COVID-19 pandemic, poor internet
connectivity prevented 19% (5/27) of the participants (4/5, 80%,
were from government hospitals) from attending the focus
groups, which may have influenced the findings. Meanings may
have been lost in the translation process or interpretation of the
data during the analytic process and could have introduced
biases. However, the involvement of >1 researcher during the
transcription, translation, and coding processes minimizes the
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likelihood of misinterpreting research findings. In addition, this
study was conducted in urban or semiurban hospital settings.
Future work should focus on evaluating an mHealth app’s
clinical utility in rural or outpatient or ambulatory settings, as
well as in other countries, and would be especially valuable.

Conclusions and Future Directions
The NIRUDAK app has been revised based upon formative
qualitative data, which have contributed to the app’s

development and programming. The current iteration has been
programmed with several features that were influenced by focus
group participant feedback, including an option for clinicians
to change between 2 different dehydration treatment models.
The NIRUDAK app will be field-tested at icddr,b in 2022 to
validate those models. Additional qualitative data will also be
collected via individual interviews with nurses and physicians
who field-test the app to further evaluate NIRUDAK’s usability
and understand the clinical users’ experiences.
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Abstract

Background: The use of cloud computing (involving storage and processing of data on the internet) in health care has increasingly
been highlighted as having great potential in facilitating data-driven innovations. Although some provider organizations are
reaping the benefits of using cloud providers to store and process their data, others are lagging behind.

Objective: We aim to explore the existing challenges and barriers to the use of cloud computing in health care settings and
investigate how perceived risks can be addressed.

Methods: We conducted a qualitative case study of cloud computing in health care settings, interviewing a range of individuals
with perspectives on supply, implementation, adoption, and integration of cloud technology. Data were collected through a series
of in-depth semistructured interviews exploring current applications, implementation approaches, challenges encountered, and
visions for the future. The interviews were transcribed and thematically analyzed using NVivo 12 (QSR International). We coded
the data based on a sociotechnical coding framework developed in related work.

Results: We interviewed 23 individuals between September 2020 and November 2020, including professionals working across
major cloud providers, health care provider organizations, innovators, small and medium-sized software vendors, and academic
institutions. The participants were united by a common vision of a cloud-enabled ecosystem of applications and by drivers
surrounding data-driven innovation. The identified barriers to progress included the cost of data migration and skill gaps to
implement cloud technologies within provider organizations, the cultural shift required to move to externally hosted services, a
lack of user pull as many benefits were not visible to those providing frontline care, and a lack of interoperability standards and
central regulations.

Conclusions: Implementations need to be viewed as a digitally enabled transformation of services, driven by skill development,
organizational change management, and user engagement, to facilitate the implementation and exploitation of cloud-based
infrastructures and to maximize returns on investment.

(JMIR Hum Factors 2022;9(1):e31246)   doi:10.2196/31246
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cloud technology; qualitative; adoption; implementation; digital health; data processing; health care; risk assessment; user
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JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e31246 | p.342https://humanfactors.jmir.org/2022/1/e31246
(page number not for citation purposes)

Cresswell et alJMIR HUMAN FACTORS

XSL•FO
RenderX

mailto:Kathrin.Cresswell@ed.ac.uk
http://dx.doi.org/10.2196/31246
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

Background
There is now an international drive toward digitally enabled,
data-driven transformation of health care services, with health
systems seeking to optimize work processes; improve the
quality, safety, and efficiency of care; and reduce costs [1,2].
Health care typically relies on a web of complex information
infrastructures that lack integration and interoperability, which
contributes to fragmented service provision [3]. Such
infrastructures may range from systems allowing data analysis
within individual organizations to advanced cloud-based systems
facilitating cross-organizational data-driven analysis [4].

Although the origins of cloud technology can be traced back to
the 1960s, the term cloud computing has only emerged in this
millennium [5]. It essentially involves delegating storage and

processing of data to third-party organizations accessed via the
internet rather than hosting them on an organization’s own
computers. In doing so, cloud-based technologies can provide
access to sophisticated large-scale technological infrastructures
and advanced analytics services with the scope to rapidly scale
up to meet peaks of demand [6]. Cloud product types differ in
the degree of vendor and organizational control and can be
public (shared across organizations), private (shared within
organizations), or hybrid (a combination of both where
on-premise infrastructure is combined with a public cloud).
Hybrid clouds are increasingly popular as they not only allow
access to public cloud infrastructure capacity but also maximize
the use of on-premise solutions and therefore are a middle
ground option for organizations with significant installed
information technology (IT) capacity [7].

Textbox 1 summarizes the most common cloud products used
in health care settings.

Textbox 1. Most common cloud products used in health care settings.

Common cloud products

• Software as a service, where a cloud provider hosts software services that user organizations can access on the web (eg, a cloud-based electronic
health record such as Athenahealth)

• Platform as a service, where providers make development tools available to the user via the cloud (eg, Microsoft Azure)

• Infrastructure as a service, where the service provider supplies cloud-based infrastructure components to the client, such as storage, servers, and
networks (eg, Virtustream Enterprise Cloud)

Although cloud computing has transformed many industries
(eg, entertainment and financial services) [8], its use in health
care remains limited. There are some exceptions of promising
developments in advanced health care systems that are now
reaping the benefits (Textbox 2) [9]. The advantages of the

cloud have been particularly visible in the wake of the
COVID-19 pandemic, which has called for rapid deployment
and cross-organizational integration of services as well as
large-scale real-time data analytics [10].

Textbox 2. Examples of advanced health care systems that have implemented cloud technology.

Examples of advanced health care systems that have implemented cloud technology

• The Shulan Health Management Group (China) implemented Amazon Web Services to host their “homegrown” system [11].

• The University of California, Los Angeles Health (United States) implemented Microsoft Azure for data processing and for integrating electronic
health record data and data from other sources [12].

• The Mayo Clinic (United States) announced a strategic partnership with Google Cloud in 2019 [13].

However, despite some international governmental efforts to
promote cloud first policies that foster the use of public cloud
offerings in technology procurement [14,15], there are still
significant points of friction in the adoption of cloud-based
services. Some of these include concerns about security; fears
of potential legal disputes between service providers and
organizations; and issues surrounding vendor lock-in, privacy,
ethics, and data ownership [16-20].

Objectives
In this study, we seek to understand how current opportunities
in data-driven innovation facilitated by cloud computing could
be positively harnessed in health care settings while minimizing
perceived or actual risks.

Methods

Overview
We conducted a qualitative study between September 2020 and
November 2020 using semistructured interviews sampling cloud
providers, system implementers, software vendors, customers,
and health informatics academics to gain an in-depth
understanding of the evolving cloud ecosystem. It is important
to keep in mind that data collection took place in the midst of
the global COVID-19 pandemic and in the context of ongoing
deliberations on the potential uses of cloud technology to address
emerging urgent pandemic-related challenges. Discussions were
strongly influenced by this topic.
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Ethical Approval
We obtained ethical approval before the start of the study from
the Usher Institute Research Ethics Group at the University of
Edinburgh. Participants were provided with a consent form and
an information sheet describing the study aims, procedures, and
data management practices before participating in the study.
They were given at least 48 hours to consider whether they
agreed to participate and provided written informed consent.
We informed the participants that they were free to withdraw
at any time and that their responses would be anonymized during
the analysis, removing names and places that could lead to
identification of individuals.

Recruitment of Participants
We purposefully sampled stakeholders with perspectives on the
topic of implementation, adoption, and optimization of cloud
technology in health care settings [21]. Our aim was to gain a
broad overview of different perspectives to understand the
challenges and opportunities around cloud technology in health
care settings and draw lessons that could inform future strategies
for decision makers. In doing so, we specifically targeted
individuals working across technology implementation,
operations, design, research, and innovation within a range of
organizations. We identified and recruited participants through
our existing networks and communication channels as well as
Google and LinkedIn searches using keywords related to the
cloud and eHealth (eg, digital health, digital transformation of
health, cloud computing, and cloud first). We complemented
this strategy through snowball sampling by asking participants
for recommendations of further interviewees. We aimed for
variability in terms of geographical location (not including low-
and middle-income countries as existing information
infrastructures and challenges in these countries are likely to
vary significantly), organizational function, area of expertise,

and gender. Participants were selected based on their relationship
with cloud technology in health care, both from the supply
(cloud and software vendors) and demand (health care providers)
sides. This included those who had experiences and opinions
on the topic through experience of developing cloud solutions
and cloud-enabled software, implementing and operating
systems, or researching cloud technology.

Data Collection
ADH, a researcher with a background in science and technology
studies and theoretical foundations surrounding information
infrastructures, conducted all interviews via videoconference
call software (Microsoft Teams). Interviews took the format of
a conversation with a purpose where participants were
encouraged to discuss issues important to them. ADH and KC
(a social scientist with a background in sociotechnical theory)
met periodically throughout the data collection process to
discuss emerging findings and modify key lines of inquiry.

The interviews ranged in duration from 40 to 70 minutes. There
were 20 one-to-one interviews and 1 group interview with 3
participants. Where participants asked for a group interview,
we accommodated this request as it was more convenient for
the participants and allowed us to gain insights into their
complementary perspectives simultaneously. Although questions
were tailored to individual roles and modified in line with
emerging findings, we followed a topic guide exploring the
state of cloud-enabled digital transformation in health care;
views on barriers to realizing the potential benefits, risks, and
areas of concern; and suggestions on how to address them
(Textbox 3). During this process, the interviewer incorporated
emerging themes across various interviewees and explored the
tensions and differences in viewpoints in detail. We stopped
collecting data when no new themes emerged during the
concurrent analysis [22].

Textbox 3. Topic guide.

Topic guide

• Interviewee’s background, current position, and description of the organization

• Overview of the cloud ecosystem, stakeholders, and existing offerings

• Implications of cloud adoption (cultural, organizational, operational, and financial adoption around digital transformation processes)

• Promising and concrete use cases of cloud technology in health care

• Challenges, risks, and hindrances for innovation in the cloud

• Distinctive challenges of health care compared with other industries and sectors

• Concerns about privacy, security, data ownership, and ethics

• State of affairs and challenges in terms of integration and interoperability between cloud platforms

• Role of the government

• Future outlook (5-10 years) of the cloud in health care

Data Analysis
The interviews were transcribed using an external professional
service and subjected to thematic analysis [23]. ADH verified
the interview transcripts by listening to the audio recordings
and correcting any inaccuracies before analysis.

We used a mixture of deductive and inductive thematic coding
[24]. We added the transcripts to an NVivo (QSR International)
version 12 project and theme coded them using a sociotechnical
coding framework developed by the research team [25]. This
framework highlights how different technological and social
dimensions interrelate and how different perspectives shape
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aspects of the implementation and adoption of new technologies
(Textbox 4). In addition, identified themes that did not fit the

analytical framework were included in new categories.

Textbox 4. Dimensions used in the Technology, People, Organizations, and Macroenvironmental factors coding framework.

Dimensions used

• Technology (the technological properties of the system and the surrounding infrastructure)

• People (how various stakeholders use technology, including their expectations and experiences)

• Organizations (how organizations implement technology and how this shapes use)

• Macroenvironmental factors (how political and economic factors and markets shape technology development, use, implementation, and optimization)

ADH performed the first round of coding, periodically
discussing emerging findings with KC. KC then re-examined
the codes, resulting in minor changes to node titles and
summarized the results in a narrative format. As part of our
reflexive process, we identified how our previous experiences,
assumptions, and preconceptions bore on the interpretation and
coding of the data. In doing so, we discussed emerging findings
within the research team to identify the relevance of themes
within the Technology, People, Organizations, and
Macroenvironmental factors (TPOM) framework as well as the
need for new categories. We focused on examining converging
and diverging perspectives, the interplay of technological and

social dimensions, and the tensions and trade-offs emerging in
the progress of cloud technology implementation, adoption, and
optimization in health care settings.

Results

Overview
We interviewed 23 individuals (Table 1), including professionals
working across major cloud providers, health care provider
organizations, innovators, small and medium-sized software
vendors, and academic institutions.

Table 1. Characteristics of the participants.

OrganizationOccupationLocationGenderParticipant number

Cloud vendorExecutiveUnited StatesFemale1

Software vendorExecutiveUnited KingdomMale2

Health care providerExecutiveUnited KingdomMale3

Software vendorExecutiveUnited KingdomMale4

Cloud vendorOperationsUnited KingdomMale5

Health care providerOperationsUnited KingdomMale6

Software vendorExecutiveUnited KingdomMale7

Health care providerOperationsUnited KingdomMale8

Cloud vendorOperationsFranceMale9

Cloud vendorOperationsUnited KingdomMale10

Health care providerAcademicUnited KingdomMale11

Cloud vendorOperationsUnited StatesFemale12

Cloud vendorOperationsUnited KingdomFemale13

ResearchAcademicFinlandFemale14

Software vendorOperationsUnited KingdomMale15

ResearchExecutiveUnited KingdomFemale16

Health care providerExecutiveUnited KingdomMale17

Software vendorOperationsUnited KingdomMale18

Software vendorExecutiveUnited KingdomMale19

Software vendorExecutiveUnited KingdomMale20

Health care providerImplementerUnited KingdomMale21

Cloud vendorOperationsUnited KingdomFemale22

Cloud vendorExecutiveUnited StatesMale23
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We produced 40 codes within the following four thematic areas:
organizational context, social-human factors, technological
factors, and wider macroenvironmental factors. The researchers
then discussed the codebook and identified 4 salient challenges
that were common across different interviewee backgrounds
and affiliations. These were (1) drivers and perceived benefits
associated with cloud technology in health care; (2)
organizational and technological barriers limiting cost-effective

use of cloud functionality; (3) infrastructural changes not
immediately visible to frontline users, resulting in lack of
clinical pull; and (4) visions of the future cloud vendor
ecosystem.

Figure 1 illustrates how these emerging themes map onto the
TPOM framework. As illustrated, the new emerging overarching
categories related to cross-cutting issues spanning more than
one TPOM dimension.

Figure 1. Overview of findings mapped onto the Technology, People, Organizations, and Macroenvironmental factors framework.

Drivers and Perceived Benefits of Cloud Technology
in Health Care
The participants described various uses of cloud functionality,
including scheduling software, videoconferencing, call center
management, imaging analysis, and patient data analytics. On
the basis of the most frequently discussed uses, we identified
three salient categories: (1) organizational dimensions (eg,
remote and collaborative working at scale, modeling algorithms
surrounding predictive analytics, organizational analytics, and
automation), (2) patient- and clinician-facing (eg, remote
working, chatbots, and community outreach functionality), and
(3) cross-organizational and regional (eg, data analytics
surrounding particular disease areas for population health
management and research).

We observed overall positive attitudes among the participants
in relation to how cloud computing helped harness the value of
data-driven innovation at scale. The adoption of cloud
technology was perceived to be driven by existing issues faced
by the sector, particularly concerning limited resources, access
to and delivery of care, administrative workloads, and
availability of critical services. Positive attitudes were
particularly salient among system implementers, who saw
immediate gains through secondary uses of data and tackling
some of the most pressing challenges for health care posed by
the COVID-19 pandemic. Here, cloud technology facilitated
the deployment of solutions at speed without the need to
purchase additional hardware:

[Cloud] enabled responsiveness...and throughout
COVID, that’s what that’s been about. And it’s
removed one challenge [of] getting hold of hardware,
getting it set up and all the rest. So, it’s made us more

responsive, it’s made us quicker to adapt...the forcing
function was COVID, and cloud’s helped us have a
faster response. [Participant 2, male, software vendor,
United Kingdom]

Other key benefits associated with cloud technology mentioned
by the participants included cost-effective management and
storage of data at scale combined with ready access to advanced
computing capabilities and tools, such as machine learning (ML)
and natural language processing:

And one of the greatest things about this now is
machine learning and AI [artificial intelligence]...it
hasn’t been up until recently when [vendor] fully put
a heavy effort over the last five or six years about
democratizing access to these tools at scale, because
you’re not only interested in building one or two
models, you’re interested in building hundreds,
thousands, tens of thousands of these models.
[Participant 23, male, cloud vendor, United States]

Organizational and Technological Barriers Limiting
Cost-effective Use of Cloud Functionality
Although benefits associated with cloud technology were
realized in many organizations that the participants worked
with, they also discussed how these might not be representative
of the wider health care landscape. Barriers manifested
differently depending on the existing organizational and
technological capabilities. Data migration and acquisition costs
were mentioned by many interviewees from both the supply
and demand sides. Cloud technology posed fewer barriers to
organizations with few installed on-premise systems that sought
to either implement new pure cloud-based solutions or rely on
a software as a service business model. On the contrary,
organizations with relatively mature digital infrastructures and
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legacy systems faced hurdles to transition to cloud only solutions
as they had to integrate existing systems and replace core
infrastructures. Existing legacy systems were based on
proprietary data structures and workflows, meaning that they
could not simply be imported into the cloud. Instead, these
organizations were more amenable to hybrid cloud solutions
that relied on infrastructure as a service implementations:

The problem is, the cost of transition, if you’re talking
about your patient administration system or your
electronic health record, which is often the core bit
of software in your health care organization, if they
want to switch that out, it is a huge job, which is
massively expensive and massively risky to do.
[Participant 4, male, software vendor, United
Kingdom]

In addition, implementers in particular raised the barriers
associated with the need to change their cost structure with
cloud technologies from capital up-front investments to a
revenue model with recurring costs. This was perceived to be
particularly problematic during the transitional period, when
organizations were often running and paying for parallel
systems:

In the short-term, you are inevitably paying more for
the move towards cloud because you haven’t
necessarily got rid of all of that other infrastructure
as you make that transition. So, you’re now starting
to pay for a revenue cost for your new cloud platform,
but you’ve still got all of the cost of that other physical
environment until you’re able to decommission.
[Participant 16, female, research, United Kingdom]

Barriers not only related to cost but also to the organizational
capabilities to adopt cloud solutions. Here, a lack of existing
knowledge and skills in organizations to deploy and exploit
cloud functionality was an important rate-limiting step. For
instance, organizations frequently lacked implementation and
migration skills:

In order to move things securely to the cloud either
to implement brand new or to do a migration, you
know, you need to have a certain degree of skill,
knowledge, capability in order to do that...
[Participant 4, male, software vendor, United
Kingdom]

Existing technical skills and capabilities also played an
important role in maximizing the benefits of cloud functionality
once it was implemented. Here, participants stated that many
health care organizations lacked the knowledge and skills needed
to work with advanced large-scale data analytics and therefore
struggled to optimize the use of cloud infrastructures through
artificial intelligence and ML:

There’s a step that still needs to happen in the
healthcare space, which is around just understanding
what the analytics is. [Participant 19, male, software
vendor, United Kingdom]

Other barriers inhibiting uptake of cloud technologies in health
care organizations included the changes in organizational culture
required to transition to externally hosted systems and new

modalities of accessing critical services. This was seen as
particularly problematic for a risk-averse sector such as health
care. For example, some participants mentioned that
organizations that were skeptical about implementing cloud
technology feared a loss of control if they migrated their IT
systems to external service providers. In addition, there was
apprehension about the reliability of the cloud and
telecommunication infrastructure to deliver critical services,
which manifested in the perceived need to fall back on
on-premise IT services as contingency measures for critical
services:

Traditionally, IT departments in [provider
organizations], you have your server, you have your
software on it, and they manage that. It makes them
slightly uneasy if it’s out there in a cloud and it’s not
something that they have control of. [Participant 4,
male, software vendor, United Kingdom]

Others stated that moving to cloud technology threatened
established organizational hierarchies, particularly when sharing
data across organizations. Health care settings were often not
used to working across organizational boundaries. Cloud
services challenged the traditional conception of organizations
as autonomous entities and posed dilemmas in relation to
information governance:

It’s about [organizations] having to give up something
to be part of a bigger collaboration. [Participant 21,
male, health care provider, United Kingdom]

Infrastructural Changes Not Immediately Visible to
Frontline Users, Resulting in Lack of Clinical Pull
Although the organizational benefits of a wide range of
cloud-based functions were visible and the case for
organizational process and workload improvements could be
made relatively easily by suppliers and system implementers,
there was a perceived gap in visible benefits for frontline
clinicians and patients. This presented a key barrier to the wider
uptake of some cloud-based services as end users need to be on
board for organizational changes to be implemented effectively:

An organizational imperative has to pass the
challenge of the clinicians’view of what is important
and vice versa. The clinicians’ view of what is
important has to pass the challenge of the gatekeepers
in terms of organization, of funding, of development,
service development, building development.
[Participant 18, male, software vendor, United
Kingdom]

The underlying issue was the invisibility of digital
infrastructures for those at the frontline, who mainly experienced
benefits through the exploitation and optimization of these
infrastructures once they were in place:

The people who are going to be using the technology,
the people who are going to be using the insights from
the analytics, the people who will be experiencing the
change in process, they are almost don’t really, it
might sound harsh but...in the heat of the moment
they almost don’t really care about is it cloud
enabled? What is the infrastructure? What’s going
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on? Like, they just want the front end to work.
[Participant 19, male, software vendor, United
Kingdom]

This lack of immediately visible benefits for end users combined
with concerns surrounding privacy and security and the handling
of sensitive data led to a lack of active user pull for cloud
technologies in health care. It also presented challenges for
suppliers as they had to satisfy a range of demands surrounding
not only business processes but also clinical utility:

There’s some particular challenges, how do you deal
with the privacy aspects of the data and satisfy the
concerns that data contributors and data custodians
have, and then how do you accommodate for this
enormous diversity within the user community in
terms of how they use data and importantly how they
get beyond very simple table analytics views of data
into something that is more problematic, and how do
you find a way for those outputs, those research
outputs, to make their way back into clinical utility.
[Participant 7, male, software vendor, United
Kingdom]

Despite these uneven perceptions, we also observed that during
the COVID-19 crisis, clinical benefits and experiences of cloud
technology became more common and thus immediately visible
as remote consultations, remote working, data storage, and
automation (eg, through chatbots) increasingly became a
necessity:

Overnight we did see this huge uptick in the amount
of telehealth, and that was only possible because of
cloud there to support it. [Participant 22, female,
cloud vendor, United States]

Visions of the Future Cloud Vendor Ecosystem
Innovators, implementers, academics, and cloud vendors agreed
on a vision characterized by a hybrid cloud-enabled ecosystem
of applications where software suppliers rely on a combination
of on-premise systems and cloud integration with a large cloud
provider. For software suppliers, integrating with a cloud
platform meant that they could quickly and cost-effectively
scale up and scale down their products as required. This, in turn,
was perceived to translate to lower risk and more efficient
costing for health providers surrounding the trialing of new
services:

For us, the main use cases are around working with
a platform that allows us to quickly and cheaply get
our product out into market...we don’t need to invest
huge amounts of time and people in developing things
that are already out there...We can manage and
maintain one environment, rather than having to think
about how do you easily deploy and support,
maintain, you know, 10, 20, 100 different customers,
and the intricacies of deploying our app at every
single customer site. We only have to think about one
location. [Participant 20, male, software vendor,
United Kingdom]

However, the participants (in particular, implementers and
software developers) also flagged the challenges and risks in

terms of interoperability between different platform providers
and integration between software vendors and cloud vendors.
Innovators and system implementers voiced their expectations
for interoperability standards and for cloud providers to open
up application programming interfaces. However, opening up
application programming interfaces and standardizing key
functions was not always in line with legacy providers’
commercial interests, which were typically based on retaining
users within their platforms. Therefore, innovators in the
software industry and implementers within health care
organizations called for national regulations specifying
interoperability standards to avoid vendor lock-in as this would
allow for integration between systems and improve data
portability. A lack of interoperability standards was viewed as
inhibiting the development of a vibrant cloud ecosystem:

These regulatory bodies inside each of the
governments would say the same thing, because that
is the way to drive adoption of new technologies,
forcing the new adoption, not rewriting everything,
that’s out of the question, but forcing for the benefit
of all. I think this is how you’re going to be having a
government that is strong on that. [Participant 9, male,
cloud vendor, Europe]

Discussion

Principal Findings
Although the participants perceived clear drivers for the use of
cloud technology in health care settings, particularly in relation
to collaboration and workload efficiencies, barriers to progress
included data migration costs and skill gaps within health care
organizations to support implementation. This was exacerbated
by the perceived cultural shift required to move to externally
hosted services, challenging entrenched organizational ways of
working and the need to reorganize existing cost structures.
Frontline users, particularly those lacking technical expertise,
were not directly concerned with the benefits associated with
cloud-based infrastructures, which resulted in a lack of user pull
in organizations seeking to change their technological
infrastructures. However, the pressures of the COVID-19
pandemic and the stronger need for remote working
arrangements made various critical cloud services visible.
Central regulations and mandated interoperability standards
were viewed as a key priority to foster innovation and reduce
the risk of vendor lock-in.

Integration of Findings With the Current Literature
Our study confirms findings in other sectors that highlight that,
despite the potential benefits, the move to cloud-based
technologies in organizations necessitates cultural shifts from
established ways of working and administering systems [26].
Therefore, it needs to be viewed as a complex sociotechnical
transformation process, requiring not only technological but
also socio-organizational changes to maximize the potential of
cloud technologies [27]. Here, changes in organizational
business models and technological infrastructures associated
with cloud technology are likely to affect existing ways of
working and organizational functioning as a whole [28].
Therefore, a key area of focus needs to be the effective
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integration and embedding of new infrastructures with the
installed base of existing technologies and socio-organizational
structures and practices [4]. Barriers associated with data
migration to cloud-based solutions are well documented in the
literature [29], but our work also points to differences between
digitally mature organizations with established installed
technological systems (requiring more fundamental changes to
the installed technological base) and those organizations that
do not have established technological infrastructures, where
data migration is likely to be less of an issue.

There is an asymmetry in the way system implementers,
clinicians, and patients perceive and understand the benefits of
the cloud, particularly when it comes to advanced functions
such as ML and data-driven functionalities, which results in a
lack of strong user pull [30]. User pull to implement cloud
technologies within organizations is critical, especially in public
service sectors [31]. Here, user attitudes and expectations toward
technology can have a direct impact on adoption patterns [32].
A lack of perceived direct benefits as well as skepticism and
concerns (most notably, perceived security, trust, and privacy
issues) can result in negative attitudes toward a technology and
lead to abandonment [33]. There are now growing calls for
transparency and accountability of how personal data are used
within cloud-based systems without compromising privacy and
security [34]. Medical research is a key area where clinical data
are considered immensely valuable but where handling of
sensitive data is of utmost importance. This issue intersects not
only with privacy and security but also with growing interest
across industry and academia on trustworthy, fair, and ethical
use of big data and algorithmic technologies [20,35,36].
Therefore, it is critical for organizations promoting the use of
cloud technology to place emphasis on active engagement with
users and rigorously engage with debates about privacy, ethics,
and security taking place in academic and public forums [37].

The move to cloud technologies in health care presents a
disruptive innovation for the market [30,38], which inevitably
results in tensions and trade-offs between conflicting agendas
and interests. In this study, we observed that points of friction
related to the integration of different building blocks and
interoperability between competing platforms. These challenges
resonate with previous studies in information systems, which
highlight ongoing tensions between requirements for
standardization and the flexible and cost-effective operation of
systems [39-41].

Implications for Policy, Practice, and Research
Among the key challenges voiced by our informants were the
lack of installed capacity and technical skills, the cost of
migration, and the need for investment restructuring. As a result,
organizations that still rely on on-premise IT infrastructure and
software see hybrid cloud solutions as a way forward. There is
now a need to support the development of such hybrid structures
and map potential integration and migration pathways to help
implementing organizations envisage new information
infrastructure constellations. This needs to be supported by
active efforts to address the existing skill gap in cloud computing
and digital transformation expertise in the health sector [42].

This will also help ensure that advanced cloud functions such
as ML are effectively exploited.

Strategic decision makers need to recognize the need to view
the implementation of cloud-based systems as a major digital
transformation of services to promote cloud first policy in health
care settings. Therefore, implementations need to be supported
not only by technological capability but also by change
management expertise and continuous stakeholder engagement.

Our work highlights divergent views and expectations among
various stakeholder groups in relation to interoperability. These
are highly contingent upon political-economic contexts as
interoperability standards are not always centrally mandated
across countries. Innovators and system implementers in
particular raised the need to regulate the emerging cloud
ecosystem through the development of interoperability
standards. Adding to the risk of developing solutions for a
particular vendor is poor integration between competing
platforms. A clear policy recommendation to address this
challenge is the central mandate for interoperability standards,
with the United States being a case for reference, but these need
to be flexible to respond to emerging needs and other disruptive
innovations that are likely to emerge. Of central importance
will be the need for trustworthy entities and tools for responsible
use of sensitive data, developing mechanisms for ensuring
ethical and transparent use for medical research without
compromising patients’ privacy and integrity.

Strengths and Limitations
We gained insights into the opportunities and challenges in the
emerging area of cloud technology implementation in health
care settings by consulting a range of perspectives. We
deliberately sampled implementers, customers, academics, and
vendors to explore experiences and insights from a range of
settings. However, this may have been at the expense of breadth.
For example, consumer and customer perspectives were
underrepresented in our sample, and we did not consult the
range of immediate frontline users of technologies or legal and
privacy experts. Our sample also consisted mainly of cloud
enthusiasts. Nevertheless, our study points to various user-facing
issues such as adoption, use, concerns, and invisibility of
functions, which we assessed indirectly through respondents
working in close contact with users. Further empirical work
with clinicians, lawyers, and privacy experts arises as a pertinent
avenue of research.

Our themes provide a helpful guide for conducting future
in-depth work as we have illustrated an overview of tensions.
In addition, we would also have liked a broader representation
of international settings (as 18/23, 78% of participants in our
sample were based in the United Kingdom). Our current sample
consisted mainly of participants from North America and Europe
(France, Finland, and the United Kingdom). Future work should
build on our findings seeking to explore how different
geographies, including low- and middle-income countries, have
approached the area and how challenges vary across different
core infrastructures, levels of digital maturity, and health system
organization.
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Conclusions
Although cloud technologies promise to deliver a range of
technical capabilities, they are unevenly applied across health
care settings depending on organizational contexts and existing
infrastructures. In the wake of the pandemic, cloud technologies
have become vital to support everyday collaboration for
clinicians, remote health delivery, and other operational
functions, which has considerably driven the adoption of the
cloud. Going forward, cloud implementation needs to be viewed

as disruptive organizational change initiatives facilitated by
national initiatives to promote interoperability for a vibrant
cloud ecosystem. Areas that may lend themselves to such work
may include patient-facing technologies, where cloud providers
are already established, and health and social care integration,
where limited existing health information infrastructures may
reduce barriers associated with integration or migration. This
will also need to involve engaging in public discourse about
cost, risk, and trust (or lack thereof) in cloud platforms regarding
the handling of sensitive data, privacy, security, and ethics.
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Abstract

Background: Increased use of pharmaceuticals challenges both capacity and safety related to medication management for
patients and changes in how general practitioners (GPs) and other health personnel interact with and follow up with patients.
E-prescribing of multidose drug dispensing (eMDD) is 1 of the national measures being tested in Norway.

Objective: The objective of this study is to explore GPs’ experiences with the challenges and benefits of implementing eMDD
in Norway.

Methods: Qualitative in-depth and group interviews were conducted with a total of 25 GPs between 2018 and 2020. Transcribed
files were saved in NVivo to conduct a step-by-step content analysis. NVivo is a software tool for organizing, managing, and
analyzing qualitative data.

Results: The study revealed that eMDD offers many benefits. At the same time, there are several challenges related to information,
training, and initiation, as well as to the responsibility for the medication, interactions, and the risk of incorrect medication. An
important activity in the start-up phase was an information meeting with pharmacies and technology suppliers, as well as exchanging
information and instructions with pharmacies on how to get started. Four analytic themes emerged through the extraction of data:
(1) start-up with eMDD (“Be patient”); (2) the need for training; (3) interaction, safety, and efficiency; and (4) the working day
with eMDD.

Conclusions: There is a variation in different GPs’ needs regarding training and information, and considerable variation in
competence and motivation related to the use of digital tools. There are also different degrees of understanding the everyday work
of the other actors in the medication chain. In particular, the harmonization of medication lists related to the use of time,
expenditures, and challenges with technological solutions in the introduction phase was emphasized as a challenge. Overall, GPs
who have started using the system report great benefits; these are largely related to an increased overview of patients’ total
medication lists, less time spent on prescribing prescriptions, and increased collaboration with pharmacies and nurses, both in
service from providers in homes and in nursing homes.

(JMIR Hum Factors 2022;9(1):e27431)   doi:10.2196/27431

KEYWORDS

e-prescribing of multidose drug dispensing (eMDD); pharmacy; start-up; general practitioner (GP); Norway; digital health; digital
tools; e-prescriptions; physicians; qualitative study

Introduction

Background
Digitalization and the use of electronic systems to manage
medication are salient elements in developing future health care

services that have a current political, clinical, and research focus
[1,2]. With a population characterized by an increasing
proportion of fragile and older people and people in need of
health care, the use of different types of medication is also
increasing [3-5]. Changes in population structures have also
resulted in a need to change how general practitioners (GPs)
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and other health personnel perform their tasks and how patients
are medicated [6]. This also applies to the handling of
medications for people who have several diagnoses
(multimorbidity) and who are thus dependent on several types
of medication (polypharmacy) [7-9]. In Norway, among other
countries, a recent change has been the introduction of
e-prescribing of multidose drug dispensing (eMDD) [10-12].
The goal of e-prescription technology is to contribute to a more
conscious and safer use of multiple medications by a single
individual [13,14]. It is expected that technology, such as the
use of eMDD and other solutions, will reduce duplication of
medications, contribute to correct dosages, and reduce confusion
among providers and patients [12,15].

What Is MDD, and What Is eMDD?
MDD was introduced in the early 2000s to reduce errors and
streamline the distribution of medications in municipal health
services [6,8]. The main goal of introducing MDD was to reduce
incorrect dispensing, save time for health providers, and reduce
the disposal of medications [11,16,17]. MDD is intended to
replace pill dispensers and is a mechanical system used by
central pharmacies to package medications in small unit-of-use
bags, with 1 bag for each dosing time. Users receive a strip with
many small bags marked with the patient ID, medication
information, and time of ingestion. MDD is packaged and
delivered every fortnight. Today, more than 90,000 people use
MDD in Norway [18]. Of these, 68,400 (76%) receive service
from professional caregivers, 18,900 (21%) live in nursing
homes, and just under 3600 (4%) receive multidose drugs by
private agreement with a pharmacy [1]. GPs prescribe multidose
drugs by listing the patient’s medications on a prescription card.
This medication list is then printed out and mailed or faxed to
the pharmacy. Once a GP signs this medication list, it is valid
as a prescription for 1 year.

Errors in the e-prescribing of medication as incorrect medication
may be a serious problem [8,19]. Several issues, such as training
staff, designing routines, and focusing on the environmental
aspects of the practice, are important for avoiding such errors
[19]. In Norway, safe digital routines are increasingly being
designed and implemented to prevent incorrect medications,
improve patient quality of life and safety, and contribute to a
more efficient workday for practitioners, including GPs [7]. As
part of the digitalization of health services, Norwegian health
authorities have begun testing eMDD within the e-prescription
solution [20]. In this paper, we focus on the challenges and
benefits GPs experience when implementing eMDD.

Today, over 90% of prescriptions are sent to the pharmacy as
e-prescriptions [21]. Among the medications still prescribed on
paper are multidose drugs; in Norway, the goal is to transfer
these to the e-prescription system. Toward this end, the
Norwegian health authorities have begun testing eMDD within
the e-prescribing system. eMDD means that an electronic
medication list and e-prescriptions replace the paper list and
fax. The GP sends a list of the patient’s regular medications to
the prescription database, together with e-prescriptions, as the
medication list has no prescription function [22]. The
prescription database is a central database where prescribing
information is shared between all health personnel with

prescribing privileges and all pharmacies. In the eMDD system
used by the GPs in our study, an electronic MDD message that
includes the medication lists was added to the e-prescriptions.
The medication list for MDD is called the “medications in use”
list (or just the patient’s medication list). The patient’s
medication list shows the patient’s regular medications,
medications as needed, dietary supplements, and any critical
information related to the medications, as well as recently
discontinued medications. To be able to submit an MDD
notification to the prescription database, the doctor must first
register as an MDD-responsible doctor. The medication lists
and e-prescriptions are developed in the GP’s prescribing
module in the medical record system and sent to the prescription
database. The pharmacy can access the information and transfer
it to the packing machine for dispensing. Prescriptions are
displayed in the prescription database 1 month after they have
expired. In the e-prescription system, the responsible doctor
and the pharmacy electronically communicate regarding any
necessary clarifications. The home care staff receives an
e-message notification when GPs make changes to patients’
medication lists [19]. The target group for eMDD in Norway
is currently patients in municipal nursing and care services.
There is some variation in the user groups related to age and,
among other things, the use of medications.

Going from paper to electronic medication lists also makes
medication information available in the prescription database
to medical doctors in emergency rooms and hospitals, making
medication information more available during care transitions.
Moreover, the GP receives a notification from the pharmacy if
there are changes in the medication treatment that have not been
initiated by the GP [1].

Studies have highlighted a significant decrease in the number
of discrepancies between the medication lists at GPs and
pharmacies when eMDD is compared with MDD prescribed
using paper and fax [22]. In addition, research related to
digitalizing prescriptions has found that health professionals
experience the solution as a quality improvement [23]. Results
from another study focused on the potential to streamline
workflow for health care providers and minimize interruptions
from, among other things, the use of phone and fax
communications. This study also emphasized that technical
standards and system design changes, and more targeted
training, may be needed to address barriers to e-prescriptions
[24].

Context for This Study
The goal of the digital solution being implemented is to provide
a safer system based on electronic routines and updated
medication lists. As stated, health authorities expect eMDD to
reduce incorrect use of drugs, but research in the field is sparse,
and studies from other countries cannot be transferred directly
to the Norwegian context due to other systems and routines for
eMDD [17]; this study also found that health professionals
experience the solution as a quality improvement [17].
Discrepancies in the medicine list are also a challenge in
transition between institutions, or institutions and homes, in the
processes of admission and discharge from the hospital, and
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electronic tools may be helpful to avoid or minimize medication
discrepancies [25].

eMDD was piloted in 24 GP clinics/offices in the southern part
of Norway between 2018 and 2020. As part of this pilot, we
undertook a study investigating how the GPs experienced the
transition from prescribing MDD using paper and fax to eMDD.
This paper presents findings from interviews conducted with
GPs in different parts of the country based on the research
question, What are GPs’experiences with their challenges and
benefits regarding the introduction, implementation, and use
of eMDD in their practices?

Methods

Research Design
A qualitative, explorative study using in-depth interviews was
conducted in GP practice. The study’s methodological approach
was based in the social sciences, using an abductive strategy
that aimed to uncover—and then interpret—knowledge about
the social actors in question [26]. Different research strategies
are summarized by Peirce [27]: “Deduction proves that
something must be; induction shows that something actually is
operative; abduction merely suggests that something may be.”
The abductive strategy works well with the
hermeneutic-phenomenological approach we used in the
analysis; moreover, the choice of research strategy was
integrated into the study's objectives and the research questions
under investigation. In this study, the choice of a
hermeneutic-phenomenological perspective means that the
researchers tried to achieve an in-depth understanding of the
study participants’ life-world experiences with the topic of the
study and to uncover and interpret knowledge about GPs’
experiences with implementing eMDD [28,29]. Even if the data
gathering and analysis are done with a reflexive and
open-minded view, the researcher’s hermeneutic position will
affect the results based on the theoretical approach and their
preconceptions [30,31].

Selection, Sample, and Interviews
The findings in this paper build on this knowledge and focus
on the experiences GPs have related to the implementation and
use of eMDD. Experiences from the pilot eMDD and whether
the system meets expectations were investigated. The Results
section emphasizes the GPs’ work situation and patient
safety—that the patient receives the right medicine at the right
time—and the analysis places the eMDD experiences in light
of the complexity it is part of and also ensures patient safety

and the correct use of medicines for patients who are prescribed
medicines through eMDD. All GPs who implemented eMDD
between 2018 and 2019 were invited to participate in the study.
A total of 24 GP clinics/offices were involved in testing eMDD
during this period. We received contact information for these
offices from the Directorate for e-Health in Norway. A total of
26 GPs from 10 doctors’ offices agreed to participate, of which
3 (11%) agreed to participate in a follow-up interview. A
qualitative, explorative study using in-depth interviews was
conducted by both authors to investigate how GPs experienced
the introduction of eMDD. A third researcher (EJ) conducted
interviews together with researcher TSB.

Two focus groups were conducted, with 8 doctors in each
interview and 9 individual interviews, 4 of which were telephone
interviews. In addition, 1 GP described experiences with eMDD
in 2 e-mails. The GPs had between 5 and 20 patients who used
MDD. Some GPs were salaried, while others worked on a
contractual basis. Some were interviewed after 2-4 months of
use and others after 1 and 2 years of eMDD use; 3 GPs were
interviewed again after 10 months of use (these were from GP
clinic 6 in Table 1). Both women and men participated in the
individual and focus group interviews. The interviews lasted
from half an hour to three-quarters of an hour, depending on
the informants' information and schedules. The interview
locations were conducted either in the GPs’ offices or digitally
via Skype for Business. Skype for Business was a solution to
complete the data gathering after the lockdown restrictions that
started in March 2020 due to COVID-19. Before each interview,
the authors informed the participants about the project, and the
GPs provided both written and verbal consent to participate in
the study. The interviews were based on a semistructured
interview guide, developed to obtain knowledge about issues
related to the implementation and use of new technologies
(eMDD). All the interviews began with an open question
concerning the informant’s experiences with eMDD. To ensure
that the research question was covered, the interview guide was
used as a checklist during the interviews [30]. In addition to the
included questions in the guide, topics raised during the
interviews were followed up, when appropriate, to obtain
in-depth knowledge related to important issues for the GPs. The
main topics in the interview guides concerned:

• How the doctors experienced using eMDD
• How the doctors experienced the start-up phase
• What changes occurred in the GPs’ organization of clinical

work
• What the doctors experienced as positive and as negative
• What the doctors felt could be improved
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Table 1. Information about participants (N=26) and interview details.

ResearcherSettingInterviewsGPs interviewed, n (%)ParticipantsGPa clinic number

TSB/EJUrbanFocus group f2fb8 (30.8)County 11

EJRuralTelephone interview1 (3.8)County 22

EJRuralTelephone interview1 (3.8)County 23

EJRuralTelephone interview1 (3.8)County 24

EJRuralE-mail interview1 (3.8)County 25

TSB/EJUrbanFocus group f2f8 (30.8)County 36

MKGUrbanTelephone interview1 (3.8)County 37

MKGUrbanIndividual interview f2f3 (11.5)County 48

MKGUrbanIndividual interview f2f1 (3.8)County 49

MKGRuralIndividual interview f2f1 (3.8)County 410

aGP: general practitioner.
bf2f: face-to-face communication/meeting.

Analysis
The in-depth interviews were digitally recorded and then
transcribed verbatim by a professional company. All the
transcribed interviews were saved as files in NVivo (QSR
International) to systemize the analysis [32]. Both authors were
responsible for the interviews and the analysis of the material
and also thoroughly discussed this several times during the
analysis process. Both authors read all the interviews. To analyze
the data, 4 steps of systematic text condensation were followed
[30,33]. The authors first read all the interviews, initially to
obtain a general impression and then to identify key themes.
The authors read the interviews with special attention to the
GPs’ experiences during the start-up phase. NVivo was used to
systematize relevant text [34] and then discussed and agreed on
the key themes, categorized the text, and adjusted it, as needed.
The categories were developed through an abductive and
iterative process based on the topics in the interview guide [26].
The text was then condensed, analyzed, and discussed further,
and finally merged into the revealed themes. The key themes
are presented in the Results section, augmented by illustrative
quotes.

We used a professional agency to translate from Norwegian to
English.

Ethical Assessment
The project was approved by the data protection office (DPO)
at the University Hospital of North-Norway (UNN; ethical
approval no. 02003). The GPs involved in the study received
both written and oral information about the study and were
guaranteed anonymity before they agreed to voluntary
participation. Information was given explaining that they could
withdraw from the study at any time. The data are anonymized
in the presentations.

Results

GPs’ Experiences and Description of Using eMDD
In this section, the GPs’ experiences and description of using
eMDD are illustrated by presenting the findings, addressing the
following research question: How do GPs experience the
introduction and use of e-prescribing for MDD? The findings
are represented by 4 emergent analytic themes: (1) start-up with
eMDD (“Be patient”; (2) the need for training; (3) interaction,
safety, and efficiency; and (4) the working day with eMDD.

Start-up With eMDD: “Be Patient”
Prior to the eMDD start-up, a joint introductory meeting was
planned and held with each GP’s office, with a video conference
with pharmacies, the Norwegian Directorate of Health’s IT
department, and the GPs and technology suppliers. The objective
of this meeting was to review how the introduction of eMDD
was to be carried out technically and how the lists were to be
submitted. The GPs described this meeting as useful, as was
the manual sent by the pharmacy with a description of how the
MDD patients should initially be registered. Registration was
experienced as the most demanding process, and GPs
responsible for several MDD patients reported a considerable
uptick in work during the registration process. Shortly after the
doctors signed up for the system as the responsible MDD GPs,
they could start registering patients and medication lists. Several
of the GPs emphasized the importance of having patience during
the start-up process.

[You must] be patient with it. And be prepared that
you may get a lot of messages from the pharmacy in
the beginning. In the very stressful everyday life of
general medicine, it can seem a bit like an extra stress
in the beginning. But eventually, it becomes just part
of the job, and then it becomes much easier. You also
get a lot back and forth with the home service
regarding medication. Be patient at first.

Some GPs also experienced a number of technical problems
when they had to register patients. The technology was slow at
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start-up, and there was a considerable delay between when the
information was added and when it was processed into the
database. The GPs found it difficult to get started and described
it as a slow system. This was revealed as a major obstacle in
their everyday work, as it was not possible to do other tasks on
the computers while the system was working on storing
information. As a result, a number of GPs opted to spend time
on this registration process in the evenings and on weekends.

The GPs’ overall experience was that the registration took
approximately 20-30 minutes per patient or MDD, reconciling
the lists that were in different places (ie, at the pharmacy and
with the doctor) and registering responsibility for the medication.
Here, ensuring the coordination of lists in advance of the start-up
proved to be an advantage. Lists from the pharmacy had been
sent together with information about how to start with eMDD
a few weeks before, which made it easier to complete the
registration.

We first got a list from the pharmacies to know who
our MDD patients were, and then we started the
process of cleaning up medication lists and preparing.
It was really like a pre-release, that. So, it was a long
time in advance, so we had the opportunity to start
working on it. But it still took a long time. However,
you must go through each registration to see if it is
correct. So, this took time anyway, even though all
the work had been done in advance.

According to some GPs, although there were only a few patients
per doctor, they still experienced the job of converting to MDD
e-prescriptions as an inconvenient but necessary task.

It is a bit of a job but not something that is
unmanageable. What we have to think about is how
the information should be provided, because since
we have a pilot, we had meetings for this where we
actually get paid to show up. That will not happen
when this is rolled out, broadly.

It was pointed out that the GPs who have the most patients on
MDD will have a tremendous workload in the introductory
phase but will probably also be the ones who get the most out
of it once the system is up and running. One issue related to the
introduction of eMDD was the uncertainty regarding the number
of resources required to get started. As the GPs already felt
overloaded with a considerable number of tasks in their everyday
work life, it was a source of concern that there could be
additional workload with a new system. To help achieve a
smooth introduction, the GPs suggested that the workload
associated with the introduction be made visible.

I think it’s very good that when you start a project,
it’s just the beginning of a change that is for the
better, and it’s good to know what it entails. I would
appreciate the project manager being honest and
open and saying something about what to expect when
we join.

A clear expectation that emerged from the interviews was that
eMDD would contribute to a simpler everyday work life for
GPs and increase the quality and safety concerning the handling
of medication. Several GPs emphasized that the benefit of such

a system is safety: multidose drug prescriptions on paper and
the use of fax for communication between different parties was
described as a low-functional and old-fashioned system. They
noted that the use of multidose drugs was often cumbersome
and time-consuming and that it could be difficult to keep track
of medications. As such, expectations for improvement were
high.

So, a multidose is sometimes terrible, like that in
paper form with lots of sources of error and lots of
nonsense, faxes, and forms and triple lists and all
that, so I ended up having to say no to MDD for new
patients, because that scheme was low-grade quality.
Getting an electronic multidose [system] has been
welcome and something we have been waiting for.

The motivation for several of the GPs was that any time spent
getting started with the new system was something they would
get back later.

The Need for Training
The GPs had different experiences concerning training to use
the new system. Some GPs found that a letter from the pharmacy
was sufficient for the start-up process, while others would have
preferred to have attended courses. Those who were satisfied
with the training using eMDD reported that having specific
people (ie, at the pharmacy or technology supplier) to contact
when they needed help with something was important. It was
also easier for the GPs to become acquainted with getting started
in doctor’s offices where several others were interested in and
had familiarized themselves with eMDD.

It was perceived as a problem by the GPs if there was no access
to people who could be available as a resource (ie, those with
a deeper understanding of the system). If a resource person was
not available, this had a negative effect on implementation.
Here, tasking someone with the role of a “superuser,” who
would get to know everything thoroughly and could be available
as a resource for others, was recommended. Moreover, several
of the GPs expressed that they had received neither the necessary
information nor training and wished that someone had come to
the office to introduce the project. A day-long conference with
information and training with the project leaders was also
recommended.

I wish they were clearer on the information about
when it was to begin, and preferably, well, there are
quite a few of us who are not too good at data
(technology use), so to at least consider whether one
can collect or create . . .

The GPs pointed out that those who practiced in offices with
fewer employees may have greater problems getting acquainted
with new systems if they do not have a large patient base to
register in the system. The GPs also pointed to training-related
challenges as being rooted in a mixture of pedagogical
shortcomings and some technical issues that made the initial
workload heavier than it should have been. Here, the need for
simple, quality training was highlighted—particularly training
that could be undertaken during the workday rather than during
the doctors’ free time. In the interviews, it emerged that the GPs
wanted to learn more about the system: for example, what the
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pharmacy sees on the screen when the doctor sends something
and what the hospital doctor can and should do with the
medications being taken (ie, the patient’s medication list). The
GPs emphasized the necessity of adapting training related to
their different needs, especially since there was variation in both
their interest in and their desire for the digitalization of MDD.
With regard to training, video clips and help from colleagues
were highlighted as useful.

Interactions, Safety, and Efficiency
One of the most important tasks when first implementing eMDD
is to clean up and update the medication lists with the correct
information, and all the GPs described this as a tremendous
undertaking. They also explained that it was important to
approve the lists, be clear on how dosing takes place, and ensure
that this is stated clearly; however, they experienced this as
challenging when the system did not work properly.

It was a bit chaotic. We thought we had to delete old
papers, and for some patients, there were huge lists
of old prescriptions saved. But then we found out that
it was possible to update without deleting old papers,
and that made everything a little easier.

The GPs described this process as quite labor intensive and, for
many, surprising. Several related that they had not been mentally
prepared for so much work, even though they had been informed
well in advance to update the medication lists. One GP
explained:

We had been sent what the pharmacy and the home
service had on their lists, so it was up to date, and we
thought it was mostly a push of a button. I’m not that
computer savvy, and it took a lot of time. It was the
use of time that was the problem [. . .] So, there was
a lot of work then to start the process of getting an
overview of all the lists.

Another one shared:

Yes, so the advice is that you must always have an
overview of your patients’ medications and that you
must enter and clean up the medication lists
continuously. It must be “up to date.”

GPs described having to spend time cleaning up after hospital
doctors who had prescribed new medications without deleting
the valid prescriptions that were already in place, as the official
regulations state that this is the GPs’ responsibility. They,
therefore, recommended that there must be an implementation
period in which time and resources are set aside for training so
that everyone understands the importance of doing this.

GPs described both positive and negative experiences related
to interaction and safety when using eMDD. For example, the
nursing and care e-messages between GPs and the home care
staff were experienced as smart and were defined as a “safety
valve” concerning communicating changes in the medication
lists. The GPs felt this provided a better overview for all actors
with regard to determining the correct medication. However,
communicating changes in the medication list to the multidose
pharmacy was experienced as more uncertain:

I’m not always quite sure if they got it. It has been—or
we have to write physically as a message at the
bottom, “I have changed so and so.” I have actually
experienced that they have not done exactly as I have
said.

This challenge was explained as being partly due to a lack of
knowledge regarding what the technical aspect looks like at the
pharmacy (ie, whether it is physically possible for the GP to
make a mistake when sending an MDD list to them). The
question is whether it goes to a machine and the machine makes
all the mistakes or whether it is the case that a person is
responsible for what is to be in each small bag.

Several points emerged in the interviews related to weaknesses
in the safety of medication use for patients. A problem
highlighted by all involved parts in the medication chain was
that there was a big safety gap related to the fact that
medications prescribed with e-prescriptions can be picked up
twice. The GPs pointed to an example: if an electronic
prescription is legal for a year, the system is not structured so
that it is locked in the multidose drug list. This means that the
patient can pick up the medication by themselves, regardless
of what is packaged in the MDD. The pharmacy should be able
to determine that the prescriptions have all been picked up, but
instead, they are packaged in the MDD, and the user will get
double medication. To increase safety and overview for all
parties, the GPs thus stated that it is important to emphasize a
thorough review of medication lists, structured as part of their
everyday workday.

The important thing was to have updated medication
lists, that we had to make sure that we did not have
any magistral prescriptions, or any reminders we had
to ourselves, or that there were messages to the home
care staff in the medication lists. Because there were
some things we did before to make things work, which
do not work at all if you have e-multidose. So, it took
a while to clean up those lists.

The Working Day With eMDD
The GPs also had different experiences around the use of eMDD
in their everyday workday—this seemed related to whether
there were clear lines of communication between all involved
parties. One frustration noted by many of the GPs was that
changes made to the system were not always registered. They
would then receive a message from the pharmacy to discontinue
and recall the medication list and prescribe again. One GP shared
this experience:

Sometimes, I have tried to discontinue medication 5
times and yet it has not worked. Then the message
comes back from the pharmacy, and they write smiley
faces and try to be nice to us, and say we are sorry,
but you actually have to stop again and prescribe
again.

One GP suggested a phone-a-friend approach as a solution to
this issue.

There are programs on TV that have an option called
“phone a friend.” And you can at least do that at least
once, so I can tell you that you are allowed to call me
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in the evening, but sitting together and watching it
together, I think that might have solved his frustration
and your problem, so probably everyone would have
saved time.

Many GPs reported that after the initial start-up process, once
the system had been in use for a while, it facilitated a better
working day. As one stated,

Errors in the lists—they are not there anymore. So
now there is a good flow in our workflow, so it is an
integral part of our everyday life that we do not think
so much about anymore.

Another GP shared his experience:

I am very happy with e-multidose, it is very good. We
can reduce the use of paper—as long as it works, it
is absolutely fantastic. So, it’s just to make it work,
but lately it has been very smooth, so there have been
no problems in recent weeks, and very few messages
from the home nurse and from the pharmacy. When
things are established, it rolls smoothly.

Even if it was a challenge during the implementation phase,
most of the GPs welcomed the eMDD:

I think no one really knew what they were getting into,
so everyone was optimistic and looking forward to
finally dropping the fax and stuff.

Discussion

Principal Findings
In the Results section, we presented GPs’ experiences with
implementing eMDD, focusing on GPs’information and training
needs and their experiences with the start-up process, including
the coordination of lists, safety and effectiveness, and changes
to their working day [23]. There are variations in different health
providers’ and GPs’ needs regarding training and information
and considerable variation in competence and motivation related
to the use of digital tools [35]. There were also different degrees
of understanding concerning the everyday work of the other
actors in the medication chain. In particular, the harmonization
of medication lists related to the use of time, expenditures, and
challenges with technological solutions in the introduction phase
was emphasized as a challenge [36,37]. Overall, GPs who have
started using the system report great benefits; these are largely
related to an increased overview of patients’ total medication
lists, less time spent on prescribing prescriptions, and increased
collaboration with pharmacies and nurses, both in service from
providers in homes and in nursing homes.

Previous studies have shown that better availability of patients’
overall medication increases patient safety and increases
collaboration between different health care providers. In
addition, access to a patient’s medication list and health
information enhances safety and saves GPs time [38]. One
reason is the faster updating of prescriptions electronically. One
of the most positive things about eMDD from the GPs’
perspective, compared to the use of paper and fax, is a better
overview of lists and that prescribing can be done immediately
and increases the chances of the information arriving [22]. As

such, to achieve quality implementation, it is important to
develop systems that ensure quality information and training
provision at start-up; it is equally important to have quality
guidelines in place and technology that promotes interaction
between all involved parties and ensures safety for patients [39].
To obtain this, it is important to gain a complete and accurate
overview of each patient’s medication needs. It is essential that
the type of medication and dosage be included in the medication
list—this, in turn, ensures professional justification and enhances
both the quality of services and the patient’s quality of life.

As revealed in the Results section, however, there are still
several challenges associated with this. Regarding organization
and collaboration, the GPs reported a lack of knowledge about
what the medication chain looks like for each individual
involved—a source of concern as they felt this could affect both
safety and effectiveness with regard to medication management.
Another challenge was the delay experienced between when
information was added to the patients’medication list and when
the system reflected the updates. There are several possible
solutions to this issue. This could be an opportunity for hospital
doctors to discontinue a medication that should be removed
from the MDD list. Increased communication and understanding
of deadlines between the various actors, and a good support
service related to the digital system(s), such as the technology
provider, may ensure right medication. Digitalization helps
ensure faster and more secure transfer of information when the
technology is implemented in an appropriate way [40]. Research
has shown that both GPs and employees in the home care service
experience MDD as contributing to quality improvement related
to patient overview and safety when patients are taking multiple
medications [21]. In this study, the primary attitudes toward
eMDD among the GPs were positive; they felt it facilitated
better patient safety and was efficient and professionally
justified. However, they also emphasized that to create and
implement a well-functioning eMDD solution, collaboration
between all actors is required. The question remains whether
the use of eMDD actually contributes to the realization of gains
via increased efficiency (ie, through reducing time spent on
prescribing and improving interaction and patient safety). The
process of getting started with eMDD was labor intensive for
the GPs. However, once they spent the time necessary to
establish an updated and correct medication list for each MDD
patient, it proved a time saver during their everyday workday
and contributed to increased patient safety [36]. Nevertheless,
there will always be variations within and between
municipalities, GPs, and the specialist service; as such, using
eMDD on a broader scale in Norway and other countries will
necessitate a focus on ensuring that the digital solutions are
implemented with quality information, training and structure,
and standardized solutions in place as far as possible.

Implications for Practice
There are some important issues to follow up on in the
introductory phase and the scaling-up process of introducing
eMDD in GPs’ offices. Several of the GPs in this study looked
forward to the project's start-up, yet many pointed out that it
might be difficult to handle the extra tasks. To sum up, good
routines are necessary for training all stakeholders, including
GPs, pharmacies, municipal health services, technology
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suppliers, and patients, where appropriate. Making the
appointment of a superuser responsible for eMDD, who can
follow up when needed, is also of high importance. It was
especially pointed out that a specific contact person for both
GPs and nurses at pharmacies when complications occur will
ease the implementation [21]. The GPs felt that increased contact
and collaboration with the pharmacy could have helped simplify
the work. Clear placement of responsibility for solving
challenges that arise is also needed; this also applies to support
for technology challenges. There must be a provision of extra
time to register everything correctly when starting eMDD.
Having to do the same task repeatedly was time-consuming and
was noted as potentially hindering the GPs’ ability—and
willingness—to implement eMDD as part of their everyday
work lives. eMDD seems like a safer and more effective solution
when implemented in the organization for all the included parts.
Nevertheless, these data may contribute to a greater reflection
on—and discussion about—the current, rapid implementation
of electronic prescription of medication in the health services
and the challenges that may appear.

Limitations/Weaknesses of the Study and Issues for
Further Research
The study was performed during the implementation of eMDD
and followed up with a few interviews after 3-6 months to
explore experiences with the start-up process of eMDD by the
GPs. A potential weakness of the study is its reliance on both
physical and digital interviews with GPs. As such, the

information derived from the interviews may have been different
if the interviews had been conducted in person. Another
weakness is related to the use of different interview strategies;
however, this may also have strengthened the analysis by
investigating both individual opinions and opinions reflected
in a group of GPs. We further acknowledge the variation of the
GPs’ experience with eMDD, with some of them being
experienced only for 2 months and others for 2 years, as a
limitation.

Conclusion
The literature on the topic is growing but still limited, and more
research is needed to develop digital prescription of medication
to enhance safety for all included parts, especially the users.
Awareness of the hindrances revealed both in earlier research
and in this study may strengthen the motivation and establish
routines including stakeholders and support from both the
pharmacies and the technology provider for launching the digital
solution eMDD as a working tool for GPs. There is a need for
further investigation, including qualitative research, to build
solid and evidence-based knowledge that can contribute to
developing tailored handling of medication for multidose drug
users. Further research should focus on service users’
experiences, cocreation between different stakeholders, and
how to scale up the use of eMDD, while ensuring that the use
of eMDD is appropriate, safe, and available for end users
(patient), next of kin, and health service providers (eg, GPs,
pharmacists, and nurses).
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Abstract

Background: Telehealth interventions could improve pre-exposure prophylaxis (PrEP) initiation and adherence in high HIV
incidence groups such as young Black sexual minority men (BSMM). However, young BSMM remain distrustful of and
underrepresented in clinical trials. Therefore, ethical and culturally responsive ways are needed to build trust and improve their
participation in PrEP telehealth clinical trials.

Objective: To bridge this gap, this study identified ethical and culturally responsive activities to build trust and improve
participation of young BSMM in PrEP telehealth clinical trials.

Methods: We obtained data from 7 virtual, synchronous focus groups that were conducted from April to August 2020 and
consisted of 28 BSMM aged 18-34 years. Focus groups included a brief survey distributed online via Qualtrics followed by a
virtual, synchronous focus group conducted via Zoom that lasted between 50 and 75 minutes. Focus groups were stratified by
age (18- to 24-year-old participants and 25- to 34-year-old participants), outlined the components of an example PrEP telehealth
randomized controlled trial, and included questions on domains of the study design—research motivations, study funding,
recruitment activities, informed consent details, randomization, follow-up, and end of study activities. Participants were asked
targeted questions regarding the ethics and trustworthiness of the study and ways in which researchers could gain their trust
through the protocol used in the PrEP telehealth clinical trial.

Results: The focus groups included 2 groups of 18- to 24-year-old participants and 5 groups of 25- to 34-year-old participants.
The mean age of participants was 27.2 years (SD 4.4 years). Of the 28 participants, 10 (36%) reported a bachelor’s degree to be
their highest completed education level and 6 (21%) reported some graduate degree or higher to be their highest completed
education level. Most participants (16/28, 57%) reported that they worked full-time and that they were single or not in a committed
relationship (21/28, 75%). Most participants (24/28, 86%) reported that they used at least one drug before sex in the 6 months
prior to the study. All participants reported that they heard about PrEP and 36% (10/28) were current PrEP users. Overall, the
focus groups yielded themes related to the impact of researcher intentions, study funding, recruitment activities, informed consent
details, randomization, and study team interactions during and after the study on trust and participation in the clinical trial.

Conclusions: Medical and research mistrust persists among BSMM. This study identified several ethical and culturally responsive
activities to build trust and improve participation of young BSMM in PrEP telehealth clinical trials. Future studies should assess
the relative impact of implementing these findings on research participation in a PrEP telehealth clinical trial.

(JMIR Hum Factors 2022;9(1):e28798)   doi:10.2196/28798
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Introduction

To reduce disparity in the United States, it is crucial to improve
participation of young Black gay, Black bisexual, and other
Black sexual minority men (BSMM) in HIV pre-exposure
prophylaxis (PrEP) telehealth clinical trials [1,2]. Without
substantial improvement in prevention activities, BSMM have
an estimated 50% lifetime risk of HIV [3]. Between 2010 and
2017, HIV incidence increased by 42% among BSMM aged
25-34 years [4]. In 2018, HIV infection in BSMM accounted
for 26% of all HIV infections in gay and bisexual men in the
United States; approximately 75% of newly diagnosed HIV
infections in BSMM were in those under the age of 35 years
[4]. Data show that PrEP substantially reduces the risk of HIV
infection [5-7] and that telehealth interventions could improve
PrEP initiation and adherence [8]. However, young BSMM
remain underrepresented in PrEP clinical trials [9]. Increased
participation in clinical trials is needed from BSMM to improve
PrEP telehealth protocols.

Telehealth refers to the use of telecommunication technology
to support long-distance clinical health care, health education,
and health administration [10,11]. Telehealth programs are
conducted remotely by a clinician via applications that are
accessible on a smartphone, tablet, or computer through a video,
a telephone call, or an SMS text messaging platform compliant
with the Health Insurance Portability and Accountability Act
of 1996 [8,11,12]. Currently, standard PrEP clinical care requires
in-person visits with a clinician along with laboratory testing
for HIV, sexually transmitted infections, hepatitis B, and serum
creatinine levels prior to prescription [13]. However, telehealth
protocols allow PrEP patients to communicate virtually with
clinicians and then visit a local outpatient clinic, laboratory, or
public health facility for testing [12]. Some telehealth studies
mail at-home self-testing kits to patients and patients then need
to return the specimens for testing prior to PrEP prescription
[14]. Telehealth protocols could overcome some of the structural
barriers to standard PrEP care, such as limited transportation,
anticipated stigma in health care settings, and privacy concerns
[15-17]. However, it has been challenging to engage young
BSMM in PrEP telehealth clinical trials in part because of
medical and research mistrust and the traditionally experienced
stigma, discrimination in health care settings, and competing
socioeconomic demands [15,18].

Medical mistrust refers to the lack of trust in the motives of and
treatment by individuals and organizations associated with
health care institutions [19,20]. Medical mistrust is attributed
to historically limited health care access for Black Americans,
including young BSMM, and maltreatment of this population
by health care professionals and medical researchers [18,21].
Examples of maltreatment of Black Americans by health care
professionals and medical researchers include discrimination,
treatment refusal, treatment deception, and enrollment of
unwilling participants in clinical experiments for research
[15,21,22]. Many of these medical and research activities were

supported by US racial segregation laws and a lack of
established ethical research and medical guidelines [22]. The
history of research and medical institutional mistreatment of
racial or ethnic minority populations has impacted care
satisfaction, treatment adherence, and clinical research
participation among Black Americans, including young BSMM
[19,23,24]. Medical mistrust is salient for BSMM [18,25,26].
Many studies have documented challenges in engaging young
BSMM in HIV-prevention clinical trial research generally
because of medical mistrust [24,27,28]. However, more
information is needed to identify ways to improve trust and
participation of this vulnerable population in PrEP telehealth
clinical trial research.

To bridge this gap, this study identified ethical and culturally
responsive study activities to improve participation of BSMM
in PrEP telehealth clinical trials. History-based models of trust
[29,30] provide a useful framework to guide this study. These
models posit that trust results from cumulated, actual, or
vicarious experiences and that cumulative negative experiences
in society and health care settings disrupt one’s sense of safety
[30]. Therefore, mistrust can increase as a safety mechanism.
Although studies have identified the role of medical mistrust
among BSMM in PrEP research engagement [15,18,31], more
targeted data are needed to build trust, reduce mistrust, and
improve participation in PrEP clinical trials for this group. Little
is known about specific ways to improve trust in this population
along the research process, that is, during recruitment, while
obtaining informed consent, and at enrollment, follow-up, and
study completion. The findings of this study could be used to
design an ethical and culturally responsive PrEP telehealth
intervention for BSMM.

Methods

Study Recruitment and Participants
We collected data from 7 virtual, synchronous focus groups
that were conducted from April to August 2020 and consisted
of 28 BSMM aged 18-34 years. Individuals were recruited using
a combination of active and passive strategies. Active
recruitment included contacting participants from other research
studies who provided written consent to be contacted for future
research. Passive recruitment included advertising the study on
Craigslist and obtaining referrals from participants in the study.
Eligibility for participation in the study was defined by the
following criteria: self-identification as a Black or African
American man, age between 18 and 34 years, self-report of
HIV-negative status, report of oral or anal intercourse with at
least one male partner in the previous 6 months, or
self-identification as a gay, bisexual, queer, or non-heterosexual
individual.

Data Collection
Because of COVID-19, data collection for the focus groups was
updated to a virtual, synchronous format for safety. Details of
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the protocol for conducting the virtual, synchronous focus group
have been published [32]. Focus groups included a brief survey
distributed online via Qualtrics followed by a virtual,
synchronous focus group conducted via Zoom that lasted
between 50 and 75 minutes. Focus groups were led by 2
experienced facilitators and were stratified by age (18- to
24-year-old participants and 25- to 34-year-old participants).
One facilitator conducted the groups and recorded notes and
the other scheduled the groups, recorded field notes, observed
group dynamics, provided technical support for participants
who had difficulty connecting to the meeting (eg, use of the
wrong password), and confirmed time and attendance [32]. For
data on ethical and culturally responsive ways to build trust and
improve participation of BSMM in PrEP telehealth clinical
trials, the focus groups outlined the components of an example
PrEP telehealth randomized controlled trial and included
questions on domains of the study design—research motivations,
study funding, recruitment activities, informed consent details,
randomization, follow-up, and end of study activities.
Participants were asked targeted questions regarding the ethics
and trustworthiness of the study and ways in which researchers
could gain their trust through the protocol used in the PrEP
telemedicine trial. Participants were given a $75 electronic gift
card as compensation for their participation. All participants
provided oral informed consent that was documented by the
study team prior to beginning the focus group [32]. All study
procedures were approved by the Johns Hopkins School of
Medicine Institutional Review Board.

Qualitative Data Analysis
Virtual, synchronous focus groups were audiorecorded using a
handheld digital recorder to increase anonymity among the
participants [32] and files were transcribed by a private,
institutional review board–approved transcription service. The
focus group facilitators reviewed all focus group transcripts and
notes and developed a codebook for descriptive thematic

analysis using Atlas.ti 8.4 (ATLAS.ti Scientific Software
Development GmbH). Themes were identified using an adapted
“pile sorting approach” [33,34]. Specifically, all quotes that
were associated with specific codes in Atlas.ti 8.4 were
electronically copied and pasted into an Excel sheet and
organized by code. Quotes were reviewed by the lead
investigator and sorted into “piles” for similarity within the
Excel sheet. These piles represented the themes associated with
specific focus group questions and codes. Themes were
identified as patterns that were associated with specific focus
group questions or expressions that provided novel responses
to domains within the focus group guide [33,35,36]. To identify
a range of themes, novel responses by at least one person in the
group were also considered [37]. Between-group analysis was
also conducted to identify potential differences in themes by
age. Data presented in this study represent the range of themes
related to culturally responsive ways to build trust and improve
participation of BSMM in PrEP telehealth clinical trials.

Results

Demographic Characteristics
The focus groups included 2 groups of 18- to 24-year-old
participants and 5 groups of 25- to 34-year-old participants. The
mean age of the participants was 27.2 years (SD 4.4 years). Of
the 28 participants, 10 (36%) reported a bachelor’s degree to
be their highest completed education level and 6 (21%) reported
some graduate degree or higher to be their highest completed
education level. Most participants (16/28, 57%) reported that
they worked full-time and that they were single or not in a
committed relationship (21/28, 75%). Most participants (24/28,
86%) reported that they used at least one drug before sex in the
6 months before the study. All participants reported that they
heard about PrEP and 36% (10/28) were current PrEP users
(Table 1).
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Table 1. Sociodemographic and behavioral characteristics of focus group participants (N=28).

ValueCharacteristics

19-34Age range (years)

27.2 (4)Age (years), mean (SD)

Sexual orientation, n (%)

26 (92)Homosexual, gay, or same gender loving

2 (7)Bisexual

Highest education completed, n (%)

1 (3)Grade 11 or less

5 (17)Grade 12 or GEDa equivalent

4 (14)Some college

10 (36)Bachelor’s degree

6 (21)Some graduate degree or more

Employment status, n (%)

4 (3)Unemployed or not working

3 (10)Part-time

16 (57)Full-time

3 (10)Other

Marital status, n (%)

21 (75)Single or not in a committed relationship

5 (17)In a committed relationship

2 (7)Married

Annual income, n (%)

6 (21)Less than $20,000

3 (10)$20,000-$30,000

2 (7)$30,000-$40,000

5 (17)$40,000-$50,000

10 (36)More than $50,000

Drugs used before sex in the past 6 months, n (%)

24 (85)Marijuana

9 (32)Poppers

5 (17)Ecstasy

5 (17)Powder cocaine

1 (3)Prescription painkillers

26 (92)Ever tested for HIV, n (%)

28 (100)Ever heard of PrEPb, n (%)

15 (53)Ever used PrEP, n (%)

10 (36)Currently using PrEP, n (%)

21 (75)Interested in PrEP injectable, n (%)

Interested in PrEP telemedicine, n (%)

20 (71)Yes

6 (21)No

2 (7)Don’t know
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ValueCharacteristics

16 (57)Interested in sexually transmitted infection (syphilis) PrEP, n (%)

aGED: General Education Development.
bPrEP: pre-exposure prophylaxis.

Thematic Findings
Overall, the focus groups yielded themes regarding the culturally
responsive ways in which researchers could build trust and
improve participation in PrEP telehealth clinical trial research.
Specifically, participants shared comments on how researcher
intentions, study funding, recruitment activities, informed
consent details, randomization, and study team interactions
during and after the study could impact trust and participation.
Themes regarding each domain along the exemplar clinical trial
research protocol are explained.

Intentions Behind Study Funding
Overall, participants had mixed feelings about trusting PrEP
clinical trial research that was funded by pharmaceutical
companies and the US government. They perceived both the
government and pharmaceutical companies to be more invested
in the profitability of PrEP dissemination than in the promotion
of health for BSMM. They felt that an “investment in positive
outcomes” could ensure greater participant safety, but they could
also experience less safety because of funders’ lack of “care”
for positive outcomes among Black patients. One group of 25-
to 34-year-old participants shared that they had greater trust in
studies funded by private foundations because of the perception
that they could more easily hold these foundations accountable
for any adverse events in the protocol than the government or
a pharmaceutical company. Participants across groups shared
that trust in the safety of the telemedicine research protocol
could be gained with knowledge of the intentions of the funding
source.

What do y’all think about a study like this being
funded by a pharmaceutical company, versus the
government, versus a private foundation? [Facilitator,
17:58]

It’s all the same damn thing to me. [P4, 18:09]

--I feel like pharmaceutical companies have more,
you know, interest of duty kind of studies because
these studies directly benefit them. And so that might
make space for them to become more exploitive.
Because, you know, they get something out of these
studies directly versus the government. I don’t know
if the money train hits them the same way as a
pharmaceutical company. So the government might
be less inclined promote or, organize, a very
exploitive study versus pharmaceutical companies, I
think. [P3, 18:31]

Another group of 25- to 34-year-old participants shared the
following comments:

Like, there’s money being made. And when money’s
being made like that it becomes ulterior agenda. Like,
even if it was something that was positive to start, it’s
like, okay, well, there’s money in the research. There’s

money in getting out there. There’s money in finding
another way to do it. It’s--this is being pushed by
money. Like, I mean, it could be a health thing. But
it’s a health thing being pushed by money and money.
So I think that this is still a corporation... Even if you
already got it [HIV], I got a pill for that too. So it’s
like, no, I don’t trust the shit, right. I don’t trust any
of it anymore. And it’s not that I don’t trust the
research behind it. I don’t trust the way the research
is being presented. [P4, 20:59]

… I’m not stupid, like, I understand there’s a business
side to all of this shit. So I’m just wondering what
the--even if the true intent is to help people, I’m
wondering what the gag is. I’m waiting for the shoe
to drop. [P2, 22:31]

To that point both Green and Red’s point. Y’all got
to be making a shitload of money that you can just
give out $75 to us for a survey. It’s a nominal
cost…And to Red’s standpoint, can there be good
intentions behind it? Yes. Could the pill actually be
working? Yes. But it’s kind of like, at what cost? What
am I really giving away? [P3, 23:31]

Yeah. Yeah. Give a piece of your liver just in case
you get drunk and fuck. [P4, 25:13]

These sentiments suggest a dissonance in attempts to identify
altruistic intentions of funding PrEP clinical trials relative to
the anticipation of maltreatment because of the profitability of
positive outcomes.

Study Recruitment: Having Black Investigative Teams
and “Care”
Participants across groups shared that they would have greater
trust and interest in the PrEP telehealth clinical trial if the study
was led by Black researchers. They mentioned that Black
researchers would provide better care during the study and
interpret findings better than non-Black researchers because the
participants believed that Black researchers had greater
investment in the overall wellness of BSMM. When asked how
researchers could gain the trust of BSMM to increase their
participation in PrEP clinical trial research, participants in a 25-
to 34-year-old group agreed with the man who said,

Well, I think we need to see more black queer men
doing these research studies, and not necessarily the
face of it but--but actually running them from the start
also. So don’t just put a black face on there for, you
know, image purposes or, you know, recruitment
purposes, but actually have someone like us running
the whole damn thing. [P4, 01:09:05]

Why? [Facilitator, 01:09:34]

Well, like I said, going back to like I was saying
before, you know, in order for me to trust you, I have

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e28798 | p.367https://humanfactors.jmir.org/2022/1/e28798
(page number not for citation purposes)

Dangerfield II & WylieJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


to feel like you have, uh, walked similar spaces that
I have. So therefore, you can--you understand where
I’m coming from when I’m telling you all this
information about it. [P4, 01:09:37]

When asked how non-Black researchers could gain trust, every
group mentioned the need for non-Black researchers to be
“involved in the community” and collaborate with
community-based organizations, including the 2 groups that
suggested that the race of the investigative team did not matter
if they perceived that they “cared about us.” However, 1 person
in a 25- to 34-year-old group said,

I feel like it’s the wrong question to ask, “how can
we get black folks to trust these white researchers to
come and, and, [laughter] and, and get their personal
health information,” right? I think the question really
should be, “how can we find more black researchers?
And how can we get more black doctors? And how
can we set them up for success in areas where they’re
able to actually reach out with their community,
right?” Like, the solution is not necessarily to place
white doctors in black communities. That’s an extra
barrier. And as a researcher, I don’t know why you
would wanna do that. [P4, 44:28]

Although participants shared an overall willingness to participate
in a PrEP telehealth clinical trial led by Black investigators,
they also shared that researchers generally should demonstrate
care for the overall health and wellness of BSMM and not just
recruit them for research.

Informed Consent: More Clarity Regarding Adverse
Effects and Data Privacy
Despite information on how a consent form would detail the
risks and privacy measures involved, every group mentioned
that informed consent forms should provide more explicit,
thorough, and understandable details. Participants were hesitant
to believe that all known adverse effects regarding PrEP would
be sufficiently outlined in a consent form for a study that was
classified as an experiment. Initially, the extent to which PrEP
efficacy was a part of the effectiveness of the clinical trial was
not clear. Moreover, participants suggested that informed
consent forms should explicitly outline intentions to not cause
harm to participants. For example, one young man in a 25- to
34-year-old group said that the consent form should say, “Please.
Thank you. I will not hurt you,” which would be an example
of the “care” for participants that BSMM suggested that
researchers should demonstrate. Regarding data privacy, the
older groups alluded to the need for consent forms to further
describe “Who really gets access to my data?” They believed
that their survey data and health history could easily be obtained
by other researchers, clinicians, or pharmaceutical companies
who were not a part of the study team.

Randomization As “Not Fair”
Participants across groups generally perceived that having a
computer-generated process that randomized individuals into
1 of 2 groups was fair. However, 2 participants in an 18- to
24-year-old group mentioned that they would not participate in
the clinical trial if they were randomized to a telehealth

treatment group because they lived with their family members
and would have privacy challenges. Some 25- to 34-year-old
participants expressed preferences for the telehealth treatment
arm because of the perception that it would be a better
experience than the standard of care. Others did not want to be
in an experimental telehealth arm because they feared that their
data or laboratory information could be compromised because
of the virtual format.

The 25- to 34-year-old participants suggested that randomization
in this study is not fair to low-resourced BSMM who may not
be able to fully participate in a long-term virtual study. They
agreed with the man who thought that randomization to receive
telehealth did not account for a participant’s circumstance,
specifically their ability to access a safe and private space to
conduct a telehealth visit, to access a reliable internet
connection, and to access technology.

I don’t think it’s fair--only because I think you have
to think of the wholeness of the situation. If you’re
randomizing someone to the telehealth group, um,
again, you have you have to see what type of
resources that you have to give to them. [P3, 36:24]

And they can privately be able to talk, you know?
Because if they don’t, it shuts out a lot of people in
the community. So if we--they want it to be truly open
to all people that if someone were to want to
participate in the study and they are homeless, and
they’re assigned to telehealth. Then we can’t
guarantee them a private space or we can’t guarantee
that they have reliable internet connection. We can’t
guarantee that they have access to technology. Some
people just do not feel comfortable sticking a needle
in themselves, or whatever other, activities they need
to further participate on their own. So I think that
that’s why the, the randomization, I think it’s
challenging, um, because there’s so much more in
consideration with this community. [P3, 36:40]

Although only a few participants within the groups mentioned
this, group members agreed that researchers could prevent a
substantial subgroup of BSMM from participating in the
telehealth clinical trial by not allowing them to choose their
group assignment.

Wellness Check-Ins During Interim Visits
Participants suggested that the research team (either the staff
or the principal investigator) should introduce themselves and
conduct occasional wellness check-ins with participants
regardless of race during interim study visits to build trust along
the course of the study. They suggested that this type of
communication would demonstrate “care” and investment in
the overall health of BSMM. When asked to provide examples
of how the research team should communicate with participants
during the study, the 25- to 34-year-old participants said,

I believe that the researchers should make themselves
available and present. I don’t think they necessarily
be at every single transaction throughout the course
of the project. But they need to have, like, check-ins
or midpoints and touchpoints ‘cause that’s the whole
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point. So, like, just even a follow-up like, “Hey, thanks
for coming out, really appreciate what you’re doing.”
Just, just something to let the people know that you
actually care. Like, treat them like humans because
if I only see you at the beginning of the orientation
and at the end when it’s all over, I’m gonna feel some
kind of way because I feel like he didn’t really care
about me as a person. [P4, 56:26]

Okay. Does that go for a researcher of any
demographic or--? [Facilitator, 56:58]

Any demographic. [P4, 57:08]

Yeah. I feel like you should still reach out because I
feel like you have to be more personal. If you didn’t,
then, I mean, I probably would never do a study with
you again. [P3, 57:24]

The 18- to 24-year-old participants said,

I guess email contact, maybe text messages, or maybe
emails. [S2, 36:57]

How often? [Facilitator, 37:06]

Whatever the person is more comfortable with. I guess
you just follow up, weekly or monthly or however you
feel is necessary. [S2: 37:06]

Yeah, I think being in touch and also letting them
know that you are there for their safety and their
health, that, yeah, they’re going through a study, but
ultimately, it’s for their health and their well-being.
Um, so being able to check on their health and their
well-being, their mental health, you know, um, as well
while they’re doing the study just lets them know that,
“Okay, you’re committed to making sure that I'm
given the support I need while helping you out.”
Because we’re helping each other out, basically. [S3,
37:22]

Free PrEP and Cash Incentives as Equitable
The 25- to 34-year-old participants explicitly mentioned that
PrEP should be provided for free during the study as part of the
incentives because of the low prevalence of adequate insurance
coverage among BSMM. They suggested that it was
unreasonable to expect participants in the study to pay for the
medication along with the laboratory fees associated with PrEP
care and that $50 cash incentives per visit would not be
sufficient or equitable. When asked if providing larger cash
incentives was coercive, participants across all the groups
believed that cash incentives were more equitable for their time
and participation in the study. The following is an example,

So what are y’all thoughts on monetary incentives
for PrEP research? Like do you think people are
being exploited when you give cash? [Facilitator,
48:28]

No. [P2, 48:43]

No. [P4, 48:44]

No. I mean it’s mutually beneficial to both parties,
you know? I don’t think that that’s exploitative. [P2,
48:46]

I mean people naturally want to get paid for the time,
whether that be with money or some other form of
incentive. So I don’t think it’s exploitative. [PS2,
48:59]

Some participants also shared that participation in PrEP
telehealth clinical trials was a way for some BSMM to obtain
medical or financial support via clinical care and cash incentives.

Like I was saying before, a lot of people don’t have
the resources to have insurance. They can’t afford
insurance, some of them are only working part-time
jobs. Or multiple part-time jobs that don’t pay a lot
in the first place. So I think it’s kind of unfair to
require that…maybe this research study is the only
way I have to acquire this medication, acquire these
resources because I can’t afford the insurance. [P4,
55:57]

Um, I think that if you’re doing this on research, if
you wanna include especially like LGBTQ people,
gay people-- [P3, 57:05]

Young. [P2, 57:18]

--then you should, you should, in that research
program, find a way to provide, health care for free
for at least a year. You know, some kind of--I don’t
know. I know that’s a lot of work to get done, but I
just feel like a lot of people in our community don’t
have access to health care. So if that’s a requirement,
then you’re gonna be missing out on a lot of the
people that, you know what I’m saying-- [P3, 57:19]

Right. [P4, 57:28]

Ending Telehealth After Study as “Not Fair”
Participants across focus groups understood that PrEP telehealth
resources would end with their participation and mentioned that
it would be fair if the consent form explicitly stated that they
would not be receiving the same resources after a specified
amount of time. However, participants in the 25- to 34-year-old
groups suggested that ending the convenience of PrEP
telemedicine was not fair and would lower their trust and interest
in future PrEP telehealth clinical trials. When asked whether
not being able to have the telehealth treatment after the study
ends is fair, one person said, “No. What the fuck? You can’t
get me used to something for a whole year and then just take it
away.” Others in the younger group said,

Not being able to have the services would definitely
be, troubling if you just came to a study, and you were
being helped, but now, all of a sudden, now your
insurance is no longer being, paid for. [P2, 44:50]

What do you think about being referred to another
clinic for standard PrEP care once the study is over
but you couldn’t get telemedicine? [Facilitator, 45:14]

At least you will be providing them, at least referring
to somewhere where you can still get your medicine,
even if it’s not telemedicine. [P2: 45:24]

I’m kinda thinking about my earlier comments about,
like, you know, there’s an office there? I think it would
kinda be hard for people who have been--for a
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year--had the support they needed, and they’re being
cut off at the end of that year. So, I don’t know. I think
it’s a tricky subject. I think that what they need to be
sure is just to make sure they know at the end of this
trial they may not have all of the support they used
to have in that one year. [P3, 45:34]

Participants viewed the study as a service provided to the
community for their benefit, not necessarily an experimental
treatment for a specific amount of time. They mentioned that
collaborating with community-based organizations that could
potentially continue similar services after the study increased
their interest and trust in the study.

Discussion

This study explored culturally responsive study activities to
build trust and improve the participation of BSMM in PrEP
telehealth clinical trials. Overall, PrEP telehealth was an
acceptable intervention strategy among BSMM. However,
source of study funding, researchers’ cultural congruence,
intentions, and interactions, along with treatment assignment
and ending telehealth impacted trust and study interest among
BSMM. Medical and research mistrust persists in this
population. The findings suggest that mistrust in PrEP telehealth
clinical trials may persist because underlying issues regarding
ethical clinical research conduct for minority groups have not
been sufficiently addressed for BSMM. This study allows a
reassessment of the traditionally acceptable domains of ethical
research conduct to build trust and improve participation of
BSMM in PrEP telehealth research.

The trust that BSMM have in PrEP telehealth clinical trials was
assessed in part by their perception of how other and
low-resourced BSMM may be treated or disregarded in the
study. Concerns about the potential experiences of other
in-group members is an important domain of history-based
models of trust. Specifically, trust, according to this framework,
is impacted by participants’ own, vicarious, or anticipated
experiences [21,30]. Cumulative negative interactions with
society, family members, clinicians, and researchers that are
experienced or expected could outweigh the perceived benefits
of PrEP telehealth clinical trials and prevent study participation.
These cumulative negative interactions could exacerbate mistrust
in PrEP telehealth clinical trial research because trust has
generally not been established in this group. More research is
needed to understand how mistrust of PrEP telehealth clinical
trials results from cumulative negative social and medical
experiences because BSMM have historically been
low-resourced and mistreated.

This study also revealed themes that established elements of
care for BSMM throughout the PrEP telehealth clinical trial
protocol and greater trust in a trial led by Black investigators.
Other studies have found similar themes along the lines of
establishing “care” to improve trust among BSMM [24,26,32].
Studies also showed that BSMM have greater trust in and less
judgement from Black clinicians and researchers [24,26,38].
This finding is important because most clinical research teams
and health care providers are not culturally congruent with this
population [39,40]. Having PrEP telehealth clinical trials led

by Black investigators could be an important understudied
structural barrier to research participation among BSMM. More
work is needed to increase the number of clinical trials led by
Black investigators to assess the relative impact of this
preference on PrEP uptake and study participation among
BSMM.

Themes regarding the fairness of randomization to telehealth
treatment groups and ending telehealth services suggest that
BSMM assumed that the experimental treatment arm was
inherently better than the standard of care and this impacted
trust in the researchers and study. The assumption that one
research group in a randomized controlled trial benefits more
than the other undermines the presence of equipoise and raises
questions regarding the ethical considerations of PrEP telehealth
randomized controlled trial protocols [41]. Some researchers
suggest that some randomized controlled trials are not
necessarily investigated with equipoise and that most have
directional hypotheses intended to demonstrate the effectiveness
of one intervention over another [41,42]. Since recent clinical
trials, including PrEP telehealth studies, intend to demonstrate
some positive effect of the intervention over the standard of
care, there are ethical considerations regarding equipoise that
remain inadequately discussed. It is reasonable to think that
BSMM would assume both that telehealth treatment is better
than the care given to the control group and that the benefits of
the treatment do not outweigh the effort involved in participation
considering their history of marginalization and minimal
resources. For traditionally low-resourced groups such as
BSMM, PrEP clinical interventionists should reconsider study
designs that have a group that receives “better treatment.”
Potentially, a single-arm pretest–posttest interventional study
could be more appropriate when the assumption is that the
treatment is “better” than the standard of care. Additionally,
studies should request and obtain additional funding and budget
to accommodate the culturally responsive activities that may
be required to engage with this vulnerable population, such as
providing technological devices and health care coverage for
participants to sufficiently engage in the research. Traditional
designs of randomized controlled trials might not be culturally
responsive to the needs of BSMM and could perpetuate medical
mistrust.

Importantly, we also found that information typically
documented in an informed consent form (ie, minimal benefits,
risks, privacy, random assignment, incentives, and end of study
telehealth termination) was noted as unfair and insufficient.
Guided by the Belmont Report [43], informed consent
documents reflect the basic ethical principles of research conduct
involving human subjects. The core tenets of the Belmont Report
establish an imperative of informed consent detailing the nature
of the study, benefits and risks, and randomization process and
establishing participant comprehension prior to enrollment.
However, data from the present study suggest that the ethical
frameworks of justice and benefits within the Belmont Report
[43] may require more thoughtful considerations and specificity
for this subpopulation when PrEP telehealth clinical trials are
conducted. Informed consent documents for PrEP telehealth
clinical trial protocols may require tailoring to more adequately
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identify what is meant by “comprehension” and better maximize
“benefits” for BSMM participants.

The limitations of this study should be considered. This study
did not quantify the prevalence of medical mistrust in this
sample. Additionally, this convenience sample may have been
biased toward a favorable attitude to PrEP telehealth generally
because of participation in the virtual, synchronous focus group.
Information from participants who were unwilling or unable to
participate in the virtual focus group could have impacted the
range of identified themes in this study. However, data from
those participants are unavailable.

Overall, this study still provided important ethical and culturally
responsive considerations for improving participation of BSMM
in PrEP telehealth research. Given the salience of medical
mistrust in the group, future studies should quantify the
prevalence of these domains in the attitudes and willingness to
participate in a PrEP telehealth clinical trial among BSMM.
Future research should also assess the relative impact of
implementing these findings on research participation in a PrEP
telehealth clinical trial.
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Abstract

Background: Smart glasses have been gaining momentum as a novel technology because of their advantages in enabling
hands-free operation and see-what-I-see remote consultation. Researchers have primarily evaluated this technology in hospital
settings; however, limited research has investigated its application in prehospital operations.

Objective: The aim of this study is to understand the potential of smart glasses to support the work practices of prehospital
providers, such as emergency medical services (EMS) personnel.

Methods: We conducted semistructured interviews with 13 EMS providers recruited from 4 hospital-based EMS agencies in
an urban area in the east coast region of the United States. The interview questions covered EMS workflow, challenges encountered,
technology needs, and users’ perceptions of smart glasses in supporting daily EMS work. During the interviews, we demonstrated
a system prototype to elicit more accurate and comprehensive insights regarding smart glasses. Interviews were transcribed
verbatim and analyzed using the open coding technique.

Results: We identified four potential application areas for smart glasses in EMS: enhancing teleconsultation between distributed
prehospital and hospital providers, semiautomating patient data collection and documentation in real time, supporting
decision-making and situation awareness, and augmenting quality assurance and training. Compared with the built-in touch pad,
voice commands and hand gestures were indicated as the most preferred and suitable interaction mechanisms. EMS providers
expressed positive attitudes toward using smart glasses during prehospital encounters. However, several potential barriers and
user concerns need to be considered and addressed before implementing and deploying smart glasses in EMS practice. They are
related to hardware limitations, human factors, reliability, workflow, interoperability, and privacy.

Conclusions: Smart glasses can be a suitable technological means for supporting EMS work. We conclude this paper by
discussing several design considerations for realizing the full potential of this hands-free technology.

(JMIR Hum Factors 2022;9(1):e30883)   doi:10.2196/30883
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Introduction

Background
Prehospital care is a high-risk, time-sensitive medical domain
where first responders such as emergency medical services
(EMS) providers provide urgent care to patients in the field and
transport them to the nearest hospital or care facility. The
primary goal of prehospital care is to stabilize patients by
quickly addressing severe illnesses or life-threatening injuries.
Perhaps prehospital care is among the most challenging medical
domains in the provision of care to patients owing to various
reasons, such as the broad range of clinical situations, limited
resources and time, difficulties in accessing remote experts, and
the highly dynamic situations and environmental conditions
that providers encounter [1,2]. Owing to such challenges,
technology support could be useful for EMS providers to
facilitate decision-making and information management [3,4].
Despite some efforts, the prehospital environment remains one
of the few medical settings with limited technology support [2].
In addition, previous work has primarily focused on developing
and implementing systems on conventional handheld devices
such as tablets or smartphones. For example, in an early study,
Tollefsen et al [5] developed a menu-driven mobile app for
EMS teams to document patient information, which was then
uploaded to a central database for hospital care providers to
instantaneously access and review. Another study designed and
evaluated a smartphone app to facilitate care documentation in
the field by enabling EMS providers to photograph the patient,
record digital audio notes, and capture the view of the incident
[6]. Despite their beneficial features, these handheld devices
could cause problems in real-time use because (1) handheld
devices are prone to interfere with manual tasks in a busy EMS
environment [7-11] and (2) the physical handling of these
devices could increase the chance of cross-contamination and
patient infections [12]. As such, the need for novel technologies
to support hands-busy EMS operations is evident [2,13].

Since being introduced to the public in 2011, smart glasses (a
wearable technology in the shape of conventional glasses with
a transparent screen and a video camera) have been gaining
momentum because they can offer hands-free operation through
novel interaction mechanisms such as voice control [14-18].
Google Glass has received the most exposure initially and
stimulated the development of smart glasses by the industry.
Compared with handheld devices, smart glasses enable constant
information presentation and access in a hands-free manner and
allow local workers to project first-person point-of-view to a
remote viewer. Given these benefits, researchers have been
exploring their potential in clinical and surgical environments
[16], such as surgical telementoring [19-21], remote evaluation
of patients with acute medical conditions [22], and disaster
triage [23,24]. This body of literature demonstrated that smart
glasses are potentially useful in supporting care management
[16,17,25-28] and can enable secure Health Insurance Portability

and Accountability Act (HIPAA)-compliant communications
[29].

Research Gaps and Study Objective
Smart glasses can particularly benefit EMS as hands-free
interaction can be a useful resource to handle situations with a
lot of uncertainty. However, research on smart glasses in the
prehospital environment is limited, with a few notable
exceptions [13,23,24,30,31]. In addition, the previous work
primarily focused on developing smart glass apps for certain
EMS scenarios, such as disaster telemedicine triage [23,24],
patient localization [30], and mobile vital sign monitoring [13].
To gain a comprehensive understanding of the application areas
of smart glasses in EMS, the barriers and user concerns related
to the use of smart glasses in practice, and how best to integrate
this novel technology into the current EMS workflow, we
conducted interviews to explore the potential and affordances
of smart glasses in the out-of-hospital setting from the
perspective of EMS providers to derive design implications for
this novel technology. This study is part of a larger research
effort that aims to iteratively design, develop, and evaluate smart
glass technologies to support EMS operations in the field. In
this work, we aim to answer the following three research
questions through interviews with EMS providers: (1) How can
smart glasses support EMS providers in overcoming challenges
in the prehospital setting? (2) What interaction modality (eg,
voice control, touch, and hand gestures) is most preferred and
appropriate? (3) What types of concerns or potential barriers
could impede the adoption and real-time use of this novel
technology by EMS providers?

Methods

Study Design
We used a qualitative study approach (eg, interviews) [32,33]
to gain an empirical and in-depth understanding of EMS
providers’ perceptions of and needs for adopting smart glasses
in their daily work. This study approach has been successful in
informing the design of complex sociotechnical systems [34].
The interview guide (Multimedia Appendix 1) was informed
by previous work [35] and was developed in an iterative manner
by the researchers. We also pilot-tested the interview guide with
2 experts (ie, EMS team leaders) to ensure the clarity,
appropriateness, and relevance of the questions.

Participants
We conducted semistructured interviews with 13 EMS providers
recruited from 4 hospital-based EMS agencies in an urban area
in the east coast region of the United States. As shown in Table
1, a total of 85% (11/13) of them are paramedics, whereas the
remaining 15% (2/13) are emergency medical technicians. Their
years of experience ranged from 4 to 30 years, with 15% (2/13)
of the participants being EMS directors. In addition, a few of
them also serve other roles, such as EMS operation manager
and quality assurance coordinator.
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Table 1. Participant demographics (N=13).

Years of experienceOccupationSexID

28ParamedicMaleP1

15Paramedic and EMSa educatorMaleP2

25Paramedic and EMS directorMaleP3

18ParamedicMaleP4

30Paramedic and quality assurance coordinatorMaleP5

>30Paramedic and EMS directorMaleP6

11Emergency medical technicianFemaleP7

23ParamedicMaleP8

14ParamedicMaleP9

4Emergency medical technicianMaleP10

21Paramedic and EMS operation managerMaleP11

11ParamedicMaleP12

7ParamedicMaleP13

aEMS: emergency medical services.

We included both emergency medical technicians and
paramedics in our study because they represent the major types
of EMS providers in the United States. Emergency medical
technicians are trained to provide basic life support such as
oxygen administration, wound treatment, and cardiopulmonary
resuscitation. In contrast, the scope of practice and autonomy
of paramedics are greater. Paramedics are allied health
professionals with >1000 hours of training and provide advanced
life support for patients, including advanced airway
management, electrocardiogram interpretation, and medication
administration. With both emergency medical technician and
paramedic roles involved in our study, we were able to gain a
holistic understanding of the use scenarios of smart glasses from
different perspectives.

Data Collection
Owing to the COVID-19 pandemic, we conducted interviews
via Zoom (Zoom Video Communications) following the best
practices and experiences shared by other researchers who had
to transition their user studies from in-person settings to
web-based environments [36]. The interviews were conducted
by two trained researchers (ZZ and KJ) and lasted for 45 to 90
minutes. Each interview was roughly divided into three sections:
the first section consisted of general questions related to
participant’s demographics, work experience, and education or
training background; the second section focused on EMS
workflow from dispatch to patient hand off, artifacts and digital

tools used in practice, and challenges encountered in their work
(eg, documentation, care coordination, and communication with
patients, dispatchers, and remote experts); the third section
inquired about EMS professional’s perceptions of using smart
glasses in their daily work.

To help participants better understand this novel technology
(eg, how it looks like and how it works) and elicit accurate and
comprehensive insights, we used the Vuzix M400 [37] product
to explain the hardware and software components of the device
and possible interaction modalities through video and live
demonstrations. In particular, we illustrated 3 modalities to
interact with smart glasses. The first interaction modality was
via the built-in touch pad and navigation buttons, which require
physical touching and clicking on the device (Figure 1A). The
second modality was voice commands created through the Vuzix
software development kit. The third modality we demonstrated
was hand gestures–based interaction, such as performing an
open pinch to select the cursor (Figure 1B) and presenting an
open hand and closing it to navigate back to the home page
(Figure 1C). We implemented this interaction mechanism using
the software development kit provided by CrunchFish [38], a
Swedish technology company that develops gesture recognition
software for mobile and wearable devices. We concluded the
system demonstration by briefly discussing about its current
application in other medical domains, such as in the operating
room, wound care, and disaster triage.
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Figure 1. Interaction modalities: (A) Use the built-in touch pad to navigate the user interface of smart glasses. (B) Perform an open pinch to select the
cursor on the glass screen. (C) Present an open hand and close it to navigate back to the home screen.

Data Analysis
All interviews were audio-recorded and transcribed verbatim
for analysis. Anonymized interview transcripts were analyzed
by two researchers (ZZ and KJ) using an open coding technique
[39]. We chose this coding technique because it could generate
rich and detailed insights of participants’ perspectives and
opinions through iterative-inductive analysis of interview
transcripts [40]. More specifically, the researchers first reviewed
an initial set of transcripts independently (3/13, 23%). Then,
the initial list of codes was generated and discussed among
researchers to determine which codes to retain, merge, or
remove. After the list of codes was set, we created a codebook
to define each code to standardize the following coding process.
The codebook was developed in an iterative manner until a
consensus was reached. Then, the 2 researchers analyzed the
remaining transcripts using the codebook. They met regularly
to discuss and compare their codes for each interview transcript.
The disagreements were resolved through discussion. Then,
following a thematic analysis approach [41,42], the codes were
grouped into themes using affinity diagrams [43], a common
approach for creating connections or finding patterns in
qualitative data. This step allowed the researchers to identify
overarching themes describing EMS providers’ opinions about
the application areas of smart glasses in EMS operation,
preferred interaction modalities, and potential barriers to
adopting this novel technology. We have discussed about these
major themes in the following section.

Ethical Consideration
This study was approved by the Pace University institutional
review board (1515261). All participants provided their consent
to participate in the study and be audio-recorded.

Results

Application Areas of Smart Glasses in EMS Work

Overview
The EMS participants identified a set of potential application
areas where smart glasses could facilitate their work. We
categorized them into four areas: teleconsultation,
documentation, decision support, and quality assurance and
training. We describe each use scenario in detail in the following
sections.

Teleconsultation
The most prominent application area of smart glasses raised by
EMS providers was teleconsultation. The reason is that EMS
providers sometimes need to talk to a remote expert (eg,
emergency department [ED] physician) for consultation, such
as getting permission or advice for medication administration
and collectively understanding the patient’s status to decide the
next steps. Currently, they rely solely on traditional
communication mechanisms, such as radio or phone, to share
and discuss information. However, these mechanisms have their
intrinsic limitations, posing challenges for efficient
communication between distributed EMS and ED teams. That
is, in the field, EMS providers need to describe with words the
situation they face; on the other side, ED physicians at the
hospital often have difficulties in understanding what is precisely
happening in the field potentially owing to ambient noise or
disruptions in connectivity. As 1 participant explained:

Physicians maybe not hearing details correctly
because it is over the radio. There’s always going to
be lag or miscommunication when you are using
radios to relay information. [P8]
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As such, our participants expressed the emerging need for
visual-based technologies to support their communication with
the hospital. They believed that smart glasses could serve as an
unobtrusive technological means to improve the communication
and care coordination between prehospital and hospital care
providers, as 1 participant explained:

I think it would be a useful tool, especially in those
situations where you are going to end up contacting
a physician, and they can actually see the environment
in which the patient is. They can see the patient,
specifically stroke patients, so that the physician can
actually see the patient and facial droop and actually
look at the patient. So, for those situations, I think it
would be very helpful...You can have a conversation
with the physician. Might be helpful for the physician
to see the patient and what is being done to the patient
at the same time for their purpose of understanding
and getting a better picture of what’s going on. I think
it will be very helpful. [P1]

Documentation
During the interviews, several participants identified the
potential use of smart glasses in documentation. For example,
participants stated that they could use smart glasses to take
pictures and videos, which can be saved in the electronic health
record (EHR) system to document patient injuries and wounds.
In addition, these context-rich data can be shared with ED
physicians to help them understand the severity of patient injury:

If you were able to do like a real-time video recording
for a trauma patient to document like the mechanism
of injury, like for falls or for car accident, and to be
able to show those to the clinicians at the hospital,
the doctors would love that. [P4]

Another specific use for documentation is allowing EMS
providers to dictate to the smart glasses and have the smart
glasses transcribe the dictation to text through voice recognition.
This use case was seen as a potential facilitator of documentation
in the field, which could save a significant amount of time and
efforts that can be spent on patient care:

I think it will be helpful for actual data collection for
timing and all that. I think it’s an excellent tool
because it will make life easier if they [EMS
providers] could actually just dictate certain things
and they can be automatically stored in the electronic
medical record. [P5]

The ability to scan medications was also deemed useful by
several participants. This feature could allow EMS providers
to scan the barcode of the medication given to the patient, and
the detailed information of the medication (eg, name and dosage)
is automatically saved to EHR. In addition, as some patients
could take several medications for chronic disease management
and EMS providers may not have sufficient time to capture all
the details, the medication scanning feature enabled by smart
glasses could also make the collection of patient’s medical
history much easier:

Sometimes people come to us with a bag of medication
and they're like, these are my medications. So, if I

could just turn on the glasses and scan them and I
have all the medications there...I mean, it'll not only
make our jobs a little easier, but also expedite our
patient’s transport to the hospital. [P7]

Decision Support
Participants believed that smart glasses could become a powerful
decision support tool. For example, embedding medical
protocols in the app could help EMS providers to perform a
range of complex medical activities, verify the steps of less
frequent tasks, and ensure compliance with medical procedures.
One participant explained:

I think it would be great to integrate a point of
reference to it (smart glass). Like, you know, we have
protocols. Sometimes not everybody is going to have
the same types of calls. Some people rarely get
aphylactic calls, so when they get it, they would be
like “oh my god, how much do I give?”...If you are
newer in the field or you don’t know your protocol
because you’ve never encountered this problem, it
would be great just to pull up that reference. [P7]

Other mentioned decision support opportunities included
augmenting information searching in a hands-free manner (P10),
facilitating the determination of medication or fluid dosage
(P12), and constantly presenting vital signs information to
enhance situation awareness (P13):

Have a way to find references to normal vital signs
or to look up definitions or features of different
medical conditions. [P10]

I think where the smart glasses could be very, very
helpful is, as like a second check before you
administer narcotics...If I don't have to take out my
cell phone to confirm weight, pounds to kilograms
and like, do the conversions, if I could just do that to
my smart glasses without touching anything, I think
that would be like perfect. [P12]

If you were working on a cardiac arrest and the
monitors not facing you, you can use the smart glass
to pull up the vital signs using this head-up display.
It would be awesome. [P13]

Quality Assurance and Training
Participants considered smart glasses as a useful tool to record
either the entire patient care process or critical medical
procedures (eg, how the patient was treated for a complication
in the field). This use of smart glasses can potentially enhance
the quality of care by urging EMS providers to be more
compliant:

If things are being recorded, it might make sure that
you follow a protocol very correctly. With a digital
record of when and how you do things, you’re a lot
more likely to kind of do things closer to the textbook.
[P13]

Furthermore, the video recordings of patient care can be used
for both quality assurance and training purposes:
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It’ll be very good for educational quality assurance.
You can actually trim videos for different things that
went wrong, and you could use it to instruct your staff.
[P5]

Another interesting application area mentioned by a participant
was helping with litigation issues faced by EMS providers in
their work:

A lot of times, if something happens, you can be
accused. But if you can have a recording with the
voice, it could be used to protect the crews from
litigation. [P5]

Preferred Interaction Modalities
Participants were asked to rank the 3 demonstrated interaction
modalities from most preferred to least preferred. Our data show
that 46% (6/13) of the participants ranked voice commands and
hand gestures equally as the most favored interaction
mechanism:

I’d probably be an even mix of hand gestures and
voice commands if that was like being used practically
in real life. I think the voice control would be the
preferred way to control the device, but in a loud
situation the voice can probably be a little bit clunky.
It’d be easier to use hand gestures to accomplish the
same thing. [P13]

Among the rest of the participants (7/13, 54%), 57% (4/7) of
them chose voice commands as the most preferred modality,
whereas 29% (2/7) of them voted the hand gesture modality.

In contrast, touch pad was indicated as the least preferred
interaction modality, with only 14% (1/7) of the participants
choosing this mechanism over the others. The reason for not
favoring touch pad was either because it occupied hands or
owing to concerns about cross-contamination:

Touch I think it's definitely bad cause your hands are
always disgusting. Plus, with COVID going on right
now, you touch one surface, then you're touching
something that's very close to your face [smart
glasses], that is not safe. [P11]

Despite the various views on these interaction modalities, a few
participants highlighted the importance of having all the
interaction modalities available so that they can choose which
one to use depending on the situation:

You have to have redundancy, you have to have a
backup. So, let's say, it's not responding to your voice,
then you can do the touch or whatever. [P6]

Perceptions, Needs, and Concerns of Using Smart
Glasses in Practice

Overview
Overall, our participants had a very positive attitude toward the
use of smart glasses during prehospital encounters. Almost all
of them expressed the willingness to use this system given its
potential benefits; for example, not only supporting their work
but also enhancing patient-centered care:

That would save so much time for the patient...So,
you can do anything you got to do with your hands
and it [smart glasses] will expedite the patient’s care,
which leads to a better patient outcome. I would
definitely use it. [P7]

Despite the positive attitude, participants shared several concerns
about deploying this novel technology in practice. We grouped
the major concerns into six categories, including hardware
limitations, human factors, reliability, workflow,
interoperability, and privacy.

Hardware Limitations
Battery life of smart glasses was a major concern:

They need to be able to last a while, making sure that
it's not like going to run out on me in the middle of a
high acuity situation. [P12]

Participants suggested installing a charging station inside the
ambulance and preparing 1-2 backup batteries to ensure that
the smart glasses can constantly run through a whole work shift;
that is, 8 hours.

Durability was another common concern expressed by
participants because the prehospital environment is messy and
fast-paced, where any device can easily get lost or broken:

The first impression to me is if it could survive in the
911 system...I constantly have equipment that breaks
and malfunctions. It is unfortunately that the city 911
system is very rugged, abusive and tough. So, you
need to make sure that something is tough and
durable then you might stand the chance. [P3]

Finally, smart glasses require a high-bandwidth cellular network
to establish video calls; however, some areas (eg, rural areas
and subway stations) rarely have high-speed network access.
As such, use of smart glasses for teleconsultation could be
impacted sometimes. Similarly, participants were concerned
about not being able to transfer the recorded data from smart
glasses to other devices (eg, EHR system) in a timely
manner—an issue that is often caused by connection failure
between devices. Therefore, a few participants mentioned that
smart glasses should have sufficient internal memory to allow
store-and-forward, a common data transferring method in many
telemedicine systems [44]:

If I’m in subway and there is no WIFI, and if I record
videos or take pictures, or you know, telling it to
dictate something, it should have enough internal
memory to store everything recorded. [P5]

Other hardware-related factors that might impact the adoption
of smart glasses included device cost (eg, “my only concern is
how much will this cost per unit?” [P1]), process of disinfecting
the device (eg, “If it gets contaminated, how do you clean it?”
[P5]), and safety issues (eg, “I’m definitely concerned about
getting assaulted with it on.” [P9]).

Human Factors
Our participants raised several issues with regard to human
factors. For example, 15% (2/13) of the participants commented
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that smart glasses could block a certain field of vision and, in
turn, affect their patient care activities:

I think it could impede work if it's obstructing my
view. I think that the most likely scenario where there
would truly be an impedance to patient care is
intubating a patient because I need to make sure that
I have good vision of the patient’s vocal cords. [P12]

In addition, it is vital to ensure that the device is not intrusive
because “after a certain amount of time, stuff on your head could
get irritating or annoying” [P5].

Compatibility with users’ own glasses or personal protective
equipment was also frequently mentioned by our participants:

I like to wear goggles now, especially because of
Covid-19. You need to make sure that the glasses have
a good fit with the rest of your PPE, whether it’s a
goggle or a face mask. [P12]

Reliability
The smart glass app must be reliable because EMS work is
high-acuity and time-critical; any system malfunction could
lead to increased stress and high cognitive workload on EMS
providers and even adverse patient outcomes. As such, system
reliability is one of the primary concerns expressed by multiple
participants:

If there is a technological failure, what is our backup,
what do we do? [P4]

Workflow
As our participants had little experience with smart glasses
(compared with mobile phones or tablets), they were not clear
whether this novel technology can seamlessly fit into EMS
workflow:

Just like with every technology, just making sure that
it is seamless and actually works. All of our
technologies make sense in theory, but the application
can be a little bit difficult. [P12]

Another participant shared the same opinion and further
commented that smart glasses might add more workload, such
as the need to check the accuracy of recorded data when using
it for documentation:

Obviously they [EMS providers] have to make sure
that the information was recorded correctly. Is that
another component that’s going to add time? [P3]

Interoperability
Interoperability was also mentioned by the participants. For
example, smart glasses should be integrated with the EHR
system to realize the documentation use. Similarly, timely and
constant data exchange (eg, electrocardiography, blood pressure,
and oxygen saturation) between smart glasses and the vital signs
monitor is critical for implementing the decision support feature.
As such, the interoperability between smart glasses and other
medical devices is essential:

I guess compatibility to different devices is very
important. You know, trying to integrate something

as simple as a monitor to any sort of technology is a
bit of a hurdle because they don’t play nicely with
each other. [P2]

Privacy
Not surprisingly, data privacy was one of the most prominent
concerns shared by almost all participants. Given that smart
glasses would transfer, retrieve, and even store sensitive patient
data, it is imperative to ensure compliance with the HIPAA
regulations:

The number one concern would be patient privacy.
That would have to be worked out. How is the data
getting stored? How is the data getting processed?
[P4]

They also have concerns that patients, especially pediatric
patients, might feel uncomfortable or nervous while seeing them
wear a pair of smart glasses, as this device is rarely seen in daily
life. Sometimes, patients may not even want to be recorded, so
participants suggested that new regulations or rules regarding
the digital recording of patients should be established before
deploying the system in the field:

You always might have some patients who may not
want to be recorded unless that’s the policy...you may
also need to get patient’s consent and it becomes the
legal issue. [P1]

Finally, as smart glasses can capture the conversations, actions,
and patient care process in videos, several participants expressed
concerns about their personal liability and felt that they would
be working under observation:

Maybe stuff you don't want recorded gets recorded
and then a supervisor uses that against you. If they're
trying to look for something, you know. It goes back
to like the same things with police body cams, where,
you know, stuff gets recorded without their knowledge.
Sometimes it doesn't turn on when it's supposed to.
So those would be the concerns I had and then who
has access to see and hear what's recorded. [P8]

Discussion

Principal Findings
In this study, we conducted semistructured interviews with
prehospital care providers to understand the potential and
affordances of smart glasses in EMS. We identified several
potential application areas for smart glasses to support EMS
work in the field, including (1) enhancing communication and
consultation between distributed prehospital and hospital
providers, (2) supporting patient data collection and
documentation in a hands-free manner, (3) supporting
decision-making and situation awareness, and (4) augmenting
quality assurance and training. In the following section, situated
in previous work, we discuss the feasibility of these potential
applications and design considerations for realizing them. Major
design considerations for the 4 identified application areas are
summarized in Textbox 1.
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Textbox 1. Summary of application areas and design considerations for applying smart glasses in emergency medical services.

Teleconsultation

• Smart glasses should be designed to augment rather than replace current communication tools.

• Advanced mounting techniques are needed to make sure smart glasses sit steadily in front of the user’s eyes.

Documentation

• Novel techniques are needed to enable high performance of automatic speech recognition feature of smart glasses.

• More tests are needed to examine the usability and affordances of smart glasses in transcribing medical procedures.

Decision support

• Smart glass–based decision support interventions (eg, checklist) need to be designed such that they are dynamic and flexible enough to adapt to
different patient scenarios.

• Artificial intelligence, computer vision, and smart glasses should be combined to automatically detect a patient’s signs and symptoms.

Quality assurance and training

• Patient data security and confidentiality must be maintained in accordance with Health Insurance Portability and Accountability Act regulations.

• Rules and policies need to be enacted to guide when video recording is allowed and who has the permission to watch the videos.

Communication and care coordination between prehospital and
hospital teams are essential for safe, timely, and effective patient
care. For example, the treatment of a pediatric patient with
traumatic brain injury with a rapidly changing state of
consciousness often requires a considerable level of knowledge
and skills that EMS providers may not have. In this case, EMS
providers may need to consult with a more experienced ED
physician for advice (eg, what medications to administer or how
to perform treatments that are critical to save the patient’s lives
during ambulance transport) [45,46]. Furthermore, smooth
communication can enable efficient joint decision-making
between EMS and ED care providers with regard to the
treatment plan, likely diagnoses, and appropriate destination of
care [6,47-49]. Despite its critical role, this process remains
ineffective [50-53]. This challenge is owing in part to the
limitations of current communication mechanisms (eg, radio)
because they limit multisensorial interaction—an important
mechanism for ensuring smooth work and cooperation among
collaborators [54]—between distributed care providers. Our
study revealed that smart glasses were perceived to be a useful
tool for EMS providers to connect with remote experts because
they fulfill the need of visual supports through a see-what-I-see
video. In fact, previous work has revealed the usefulness and
feasibility of smart glasses in establishing remote expert support,
such as in surgical telementoring [19-21], remote evaluation of
patients experiencing acute stroke [22], and disaster telemedicine
triage [23,24,55]. For example, a recent study [55] indicated
that using smart glasses led to increased quality of triage during
mass casualty incidents (MCIs). In addition, EMS providers
reported satisfactory usability and good acceptance of the smart
glass technology. However, there are a few considerations for
deploying smart glasses in the out-of-hospital setting for use
by EMS providers. For example, because smart glasses require
a high-bandwidth cellular network for video calls, which is rare
in some places (eg, rural areas and subway stations), smart
glasses should only augment rather than replace current
communication tools (eg, radio or cellular phone). However,
with the rapid development of 5G technology and the

proposition of building a dedicated broadband network for first
responders (eg, FirstNet [56]), this limitation might be addressed
in the near future. Another design consideration is regarding a
common problem of using smart glasses for
teleconsultation—difference in line of sight between distributed
collaborators; that is, the remote expert could not always see
what exactly the smart glass wearer’s local eyes were fixed on
[57]. Therefore, more advanced mounting techniques are needed
to ensure that smart glasses sit steadily in front of the user’s
eyes even during excessive physical activities.

Collecting and documenting patient data in the field is a
challenging and time-consuming task, which demands a
significant portion of EMS professionals’ cognitive attention,
thereby reducing their time spent on patient care [58]. Despite
the increased adoption of EHR systems by EMS agencies, the
real-time use of the EHR systems has faced many challenges.
For example, as these systems are implemented on handheld
devices such as tablets, EMS providers may not be able to use
such devices in real time given the dynamic and hands-busy
nature of prehospital care [10,11]. In addition, the use of
handheld devices could increase the chance of
cross-contamination [12]. Compared with handheld devices,
smart glasses offer advantages such as hands-free operation,
which has the potential to support real-time patient data
collection and documentation. However, to date, very few
studies have focused on supporting clinical documentation using
smart glasses [28,59,60]. For example, a previous work [60]
reported the design and evaluation of a smart glass app for
chronic wound photography, which supported wound care nurses
in documentation by enabling capture, tagging, and transfer of
images to a patient’s EHR in a hands-free manner. In another
study [59], researchers tested the patient’s acceptance and
perception of their physician wearing smart glasses to connect
with a remote scribe nurse who took notes during a clinical visit.
These studies demonstrated the usefulness of smart glasses in
supporting timely clinical documentation. However, they were
conducted in settings where the working stress and noise level
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are considerably lower than the prehospital domain, which is
often characterized as a noisy and messy environment that could
affect the effective use of the voice recognition feature of smart
glasses. In recent years, novel techniques have been developed
to address this issue, such as a sensing and signal processing
solution that enables high performance of automatic speech
recognition of smart glasses [61]. To overcome challenges in
realizing the documentation use for EMS, future research is
needed to systematically test the usability and affordances of
smart glasses in transcribing medical procedures while EMS
providers perform them in noisy, dynamic, and fast-paced
environments.

Similarly, very limited research has been conducted to examine
the use of smart glasses for decision-making support. The most
common feature reported in previous work is the presentation
of a checklist or medical protocols on the glass screen. For
example, in a recent study [62], researchers compared a smart
glass–based checklist with conventional methods (ie, memory
or poster) during surgical cases and found that smart glass–based
checklists increased the completion rate to 100% and reduced
the time required to execute the checklist and prepare the
equipment. Another study [63] implemented triage algorithms
on the smart glass platform to support the triage process during
MCIs and reported that most EMS participants found the triage
app to be useful or partially useful. Similarly, Follmann et al
[55] found that smart glass can improve triage results during
an MCI by showing the triage algorithms and by receiving
support from a physician. These previous studies, despite not
being extensive, illustrated that EMS teams could benefit greatly
from smart glass checklists [3]. Given the unique characteristics
of the EMS environment (eg, unpredictable clinical scenarios),
smart glass–based checklists need to be designed such that they
are dynamic and flexible enough to adapt to different patient
scenarios, including less frequent but critical tasks [64,65]. In
addition to the checklist application, future research can also
explore combining artificial intelligence, computer vision, and
smart glasses to automatically detect a patient’s signs and
symptoms and recommend treatment options accordingly. For
example, the artificial intelligence–powered smart glasses can
help EMS providers to identify early signs of critical illnesses
(eg, stroke) or hard-to-detect mechanisms of injury (eg, child
abuse).

The use of smart glasses for quality assurance has received little
attention so far, but it could become a new application area of
smart glasses for not only EMS but also other medical domains.
This use is realized mainly through the video recording feature.
However, the challenging part is related to privacy issues. First,
patient data security and confidentiality must be maintained in
accordance with HIPAA regulations and other local, federal, or
organizational policies. Second, patients and their surrounding
environment (including bystanders) can be captured by smart
glasses without their knowledge; that is, when transmitting
videos from the field to the hospital for consultation. Therefore,
EMS providers may need to obtain verbal or even written
consent from the patient before using video recordings or calls.
The smart glasses should also be designed to protect bystanders’
identities and privacy, such as automatically blurring their faces
or recognizing their hand gestures for signaling consent (opt

in) or disapproval (opt out) [66]. In addition, the glasses should
clearly indicate when they are capturing videos to increase the
awareness of bystanders; that is, through a light emitting diode
strip [31,67]. Finally, as our participants explained, using smart
glasses to capture EMS providers’ conversations, actions, and
patient care processes in videos could easily trigger their privacy
and liability concerns. Given these privacy issues and
considerations that are entailed in using smart glasses to record
videos, organizational and national rules and regulations should
be in place to provide guidance as to when video recording is
allowed and who has the permission to watch the videos.

Regardless of the application areas, users should be able to
interact with the smart glasses in an intuitive manner without
disrupting their work practice. Our data shows that voice
commands and hand gestures are preferred over touch pad
because of their hands-free advantage. Despite the benefits,
noisy environment can pose challenges in using voice
commands, whereas fast-moving ambulances can affect the use
of hand gestures. Therefore, as our participants stated, it is
critical for them to have the option to use a mix of interaction
mechanisms at any time while using the smart glass app.

Our study also revealed some other considerations that need
full attention before deploying the smart glass technology in
EMS. For example, as previous work has pointed out [35], it is
important to ensure that the device’s battery can last long enough
for care providers to use it throughout a shift. In addition,
interoperability was cited as a critical consideration for the
successful implementation of smart glasses in the field. That is,
the smart glass device should be integrated with existing systems
(eg, vital signs monitor and EHR system) to allow seamless
data exchange. Finally, the medicolegal aspects of smart glasses
could impact the real use of this novel technology. For example,
when using smart glasses as a telemedicine tool, the medicolegal
obligations are placed on both distant and local emergency care
providers. In addition, the patient must be informed about the
nature, purpose, and use of the smart glass device and what
benefits this technology can offer to them [68]. Any potential
breach in patient’s privacy and confidentiality must be addressed
to enhance patient-centered care.

Limitations
This study has several limitations that need to be noted. First,
the interviews were not conducted in person. Although we gave
video and live demonstrations of the smart glass device,
participants did not get an opportunity to use it. This limitation
could have impacted their views on this technology. Second,
participants were recruited from hospital-based EMS agencies
in an urban area of the east coast region in the United States.
Therefore, the user perceptions were based on how they operate
locally, which may be different from other places (eg, rural
areas and other regions of United States) and other types of
EMS providers (eg, fire department–based or volunteer-based),
let alone other countries. Therefore, the results may not be
generalizable to all types of EMS agencies worldwide. More
work in other regions and countries is needed to supplement
the findings of this study. Third, user opinions and needs were
collected only through interviews. We neither asked the
participants to use the device nor tested the effectiveness and
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usefulness of this technology under different case scenarios.
This may have impacted the participants’ views on smart glass.
Additional studies, such as participatory design workshop and
usability evaluation, will be conducted in the future to elicit
additional design insights about smart glasses for EMS. In
addition, it is critical to conduct simulated scenarios to test the
efficiency and effectiveness of smart glasses for different
application areas. Finally, our participants were mostly male.
Female participants may have different opinions and
preferences. In our future work, we will include as many female
EMS providers as possible.

Conclusions
In this study, we conducted semistructured interviews with EMS
providers to learn their opinions, needs, and concerns regarding
the use of smart glasses in their daily work. Our results identified

four potential application areas in which smart glasses can play
an essential role, including enhancing teleconsultation between
distributed prehospital and hospital providers; semiautomating
patient data collection and documentation in real time; aiding
decision-making and situation awareness; and finally,
augmenting quality assurance and training. We also found that
voice commands and hand gestures were preferred over the
built-in touch pad for system navigation. Although EMS
providers consider smart glasses as a suitable technological
means for prehospital work, several issues and user concerns,
such as hardware limitations, human factors, reliability,
workflow, interoperability, and privacy, need to be thoroughly
addressed to ensure its successful uptake and implementation.
Finally, we identified several design considerations for realizing
the applications of smart glasses in EMS.
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Abstract

Background: Noncommunicable diseases (NCDs) are the leading global health problem in this century and are the principal
causes of death and health care spending worldwide. Mobile health (mHealth) apps can help manage and prevent NCDs if people
are willing to use them as supportive tools. Still, many people are reluctant to adopt these technologies. Implementing new apps
could result in earlier intervention for many health conditions, preventing more serious complications.

Objective: This research project aimed to test the factors that facilitate the adoption of mHealth apps by users with NCDs. We
focused on determining, first, what user interface (UI) qualities and complexity levels appeal to users in evaluating mHealth apps.
We also wanted to determine whether people prefer that the data collected by an mHealth app be analyzed using a physician or
an artificial intelligence (AI) algorithm. The contribution of this work is both theoretical and practical. We examined users’
considerations when adopting mHealth apps that promote healthy lifestyles and helped them manage their NCDs. Our results can
also help direct mHealth app UI designers to focus on the most appealing aspects of our findings.

Methods: A total of 347 respondents volunteered to rate 3 models of mHealth apps based on 16 items that measured
instrumentality, aesthetics, and symbolism. Respondents rated each model after reading 1 of 2 different scenarios. In one scenario,
a physician analyzed the data, whereas, in the other, the data were analyzed by an AI algorithm. These scenarios tested the degree
of trust people placed in AI algorithms versus the “human touch” of a human physician regarding analyzing data collected by an
mHealth app.

Results: As shown by the responses, the involvement of a human physician in the application had a significant effect (P<.001)
on the perceived instrumentality of the simple model. The complex model with more controls was rated significantly more
aesthetic when associated with a physician performing data analysis rather than an AI algorithm (P=.03).

Conclusions: Generally, when participants found a human touch in the mHealth app (connection to a human physician who
they assumed would analyze their data), they judged the app more favorably. Simple models were evaluated more positively than
complex ones, and aesthetics and symbolism were salient predictors of preference. These trends suggest that designers and
developers of mHealth apps should keep the designs simple and pay special attention to aesthetics and symbolic value.

(JMIR Hum Factors 2022;9(1):e28697)   doi:10.2196/28697

KEYWORDS

mHealth; digital health; instrumentality; aesthetics; symbolic value; preference

Introduction

Background
Chronic diseases, known as noncommunicable diseases (NCDs),
are the leading global health problem of this century [1].
According to the World Health Organization, these include

cardiovascular diseases, cancer, chronic respiratory diseases,
and diabetes mellitus [2]. These diseases are the principal causes
of death and health care spending worldwide and are significant
causes of poverty, which hinders economic development [3].
Ampofo and Boateng [4] suggested that, by 2030, the prevalence
of obesity and diabetes will reach a peak in many countries. In
addition, 20 million Americans are expected to have a history
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of cancer by 2026, an increase that coincides with the increasing
prevalence of obesity [5-7].

Fortunately, many chronic diseases can be delayed until
significantly later in life, or even totally prevented, if people
adopt a healthy lifestyle [1]. The digital health
revolution—advances in medical information technologies such
as information storage, data analysis, and genetic information,
together with sensors embedded in smartphones [8]—can help
people maintain healthy routines and manage chronic ailments.
Mobile health (mHealth) apps are software applications
developed for use on small wireless computing devices such as
smartphones and tablets [9,10]. These apps can potentially
impact people’s health conditions because most of the global
population has access to a mobile cellular network [1], and most
people who have that access frequently check their phones [11].
This very high engagement level with smartphones presents an
opportunity for health-oriented mHealth apps to help people
lead healthier lifestyles and manage NCDs. Due to the socially
authoritative influence of such apps, results can be highly
effective. Still, people are often reluctant to adopt these
supportive technologies, especially when they are asymptomatic
[12], even though delayed treatment and intervention may, in
turn, cause the disease to become irreversible.

mHealth apps serve a wide range of functions, and when
adopted, they can help users cope and manage NCDs. It is
estimated that such apps could cut annual US health care costs
by US $150 billion by 2026 [13]. Still, the focus of most
research to date has been on the judgments of physicians (eg,
[1,14,15]) in postadoptive evaluations (eg, [16]). Less attention
has been given to the patient’s perspective and willingness to
adopt technology in pre-adoptive evaluations. Thus, this research
project aimed to employ pre-use evaluations to explore factors
that facilitate the adoption of mHealth apps by users who cope
with NCDs.

The user interface (UI) is the first point of contact between a
user and an application. Preference assigned to mHealth apps
largely depends on the qualities of the UI (eg, [17,18]). Users
are interested in how useful an app may be, its easy operation,
and its aesthetics [18,19]. In addition, technology in health care
often relies on artificial intelligence (AI). Large and complex
data sets (ie, big data) are used to train algorithms to learn and
improve their analysis to support decision-making [20,21].
There is great optimism that AI can substantially improve
diagnostics, treatment, and support in managing NCDs [13].
Even so, while clinicians are often reluctant to trust AI [14],
little research has related to the willingness of users to rely on
it in managing their health. Thus, this study revolved around
user perspectives in adopting mHealth apps. The study addressed
2 primary concerns. First, what UI qualities and level of
complexity of mHealth apps appeal to users? Second, do users
prefer their data to be analyzed by an actual physician or an AI
algorithm? The contribution of this work lies within its focus
on users’ considerations when adopting mHealth apps that can
help them manage their NCDs.

We organize this work as follows: First, we explore the
theoretical background of using technology in health care. Then,
we focus on the contribution of mHealth apps in managing

NCDs, followed by addressing human-computer interaction
issues. Next, we propose 2 dimensions that influence preference:
the quality of the design and the method by which data are
analyzed (human versus AI analysis). We then continue and
describe the study’s methodology and report the study results.
Afterward, we discuss directions for future research, and finally,
we state our conclusions.

Technology in the Service of Health
Building on the role computers have come to play as counselors
and experts, technology can promote a healthy lifestyle [22].
People assume that these “authorities” are intelligent and expect
them to make suggestions and provide helpful information.
Apps for healthier living that emphasize behavioral change and
self-management have a high potential to help users achieve
necessary lifestyle changes [23,24]. Two prominent examples
of the effect of technology on health care are the Health Machine
[23], which implements persuasion techniques to counter obesity
and diabetes, and the Personal Aerobics Trainer, a virtual fitness
trainer [25]. Technology can also support physicians in their
daily tasks. For example, telemedicine enables physicians to
diagnose and treat patients from afar. This technique
dramatically reduces health care costs while creating a
comfortable and safe treatment milieu [26]. Increased computer
processing speed, the availability of large data sets, and a pool
of talented AI developers have enabled the rapid development
of technology in health care [27]. Moreover, AI algorithms often
perform better than humans in an assortment of tasks [13].

mHealth Apps Supporting NCDs
Because smartphones are ideally suited for collecting medical
data through features such as their camera, microphone,
touch-sensitive screen, and accelerometer, the use of mHealth
apps is increasing exponentially throughout the world [28]. This
simple and socially acceptable means of collecting behavioral
and physiological information [29] can support various health
conditions [30]. mHealth apps can help monitor health indicators
(eg, heart rate, blood pressure). They can also support people
(eg, patients with diabetes or dementia) by monitoring their
illnesses (eg, chronic obstructive pulmonary disease,
hypertension, diabetes, dementia) [29,31] and their caregivers
(eg, physicians, nurses). They accomplish this by providing
education, synchronizing records, monitoring medications, or
providing access to patient information (see [32] for an extensive
overview of various categories of mHealth apps). These apps
can serve both general and specific purposes. Although some
focus on particular health dimensions (eg, diet and physical
activity), others enable personal management of well-being by
monitoring a diverse range of daily behaviors with broad
health-related consequences. Apps can also be managed by
operating on a “manual-automatic” scale, whose extreme ends
are manually activated by users on one side and fully automatic
on the other [8]. Many mobile, location-based exercise apps
harness the power of gamification principles on GPS-enabled
smartphones [33,34]. In some of these, augmented reality turns
the real world into a “game map” or playground where users
play while keeping fit [35,36].
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Role of the Physician in Digital Health
Even though recent surveys indicate that more than one-third
of American doctors recommend that their patients use a health
or medical app [37], health care has been slow to incorporate
technological advancements in clinical practice [38]. The most
prominent reason for this is that the physician’s role is
undergoing tremendous change [39]. Since the earliest days of
professional health care, doctors represented authority and
knowledge and maintained responsibility for patient treatment.
This traditional role is now shifting as patients can look up their
symptoms on the internet and review the opinions of others
regarding the best approach for treatment. Thus, the doctor no
longer is the sole medical decision maker but becomes a vital
member of a health care team [39,40].

Still, although the physician’s role is changing, trust remains
an essential and fundamental aspect of medical treatment [41].
In many cases, trust in the physician often plays a substantial
part in patient recovery. A caring and competent physician
increases this trust [40]. Perhaps this is why people turn to their
doctor even though AI can provide many benefits [42].
Physicians still play a crucial role in guiding patients and helping
them understand the information they encounter [40]. Because
there is little regulation of medical apps or information on the
internet, patients need this guidance from the doctor. In these
situations, mHealth apps could be more beneficial if, before
direct access to a doctor, trained AI bots can qualify whether
specific symptoms warrant an actual visit [13], provided, of
course, that people are willing to use them.

Persuasive Technologies
Persuasive technologies are interactive systems designed to
foster behavioral and attitudinal changes [35]. mHealth apps
are technologies in which persuasive design could be beneficial,
motivating people toward healthy behaviors [42-44]. According
to the Fogg Behavioral Model, one of the 3 motivators for a
behavior to change is social acceptance. Most people are highly
motivated to do things to further this acceptance. Marcus [23]
suggested that social interaction has an important impact on
behavioral change. For example, people on Facebook are
significantly driven by a desire for social acceptance, which is
why they share pictures, beliefs, and experiences. Given that
people manage their image on social media platforms, how
others perceive them also seems relevant to their health habits.

Further, just as social networking sites offer platforms to share
accomplishments and foster collaboration and social support
[45], it is reasonable to expect that mHealth apps could likewise
provide a platform for collaborating, sharing, and receiving
support in the area of health activities. Indeed, one previous
study showed that creating a mobile virtual community for
overweight individuals allowed them to receive social support,
advice, and emotional encouragement [46]. This importance of
social presence and symbolism aligns with Maslow’s
well-known theory of human motivation and needs [47]. The
fundamental needs for belonging and love can be satisfied by
health apps through being able to share health-related
experiences with friends and family members, receive their
support, and socially communicate a healthy image. In addition,

the need for esteem can be met by displaying health-related
accomplishments (such as weight and step count).

Factors Affecting the Intention to Use mHealth Apps
Salgado et al [48] recently reviewed various studies about
mobile technology solutions to address health care challenges.
Following their review, they suggested that the presence of a
chronic health condition predicates an impact on the acceptance
of mHealth technology. Huong and Long [49] showed that the
intention to use mHealth apps is affected mainly by mHealth
literacy, perceived usefulness, and perceived ease of use. The
concept of mHealth literacy is drawn from the compatibility
suggested in Rogers’ classical theory of innovation diffusion
[50]. Compatibility refers to the level at which a product is
compatible with a potential user’s past experiences and beliefs.
Both compatibility and literacy suggest that the more
technologically literate users are, the more likely they will find
innovation compatible with their values and beliefs.

Because not all users have the same level of technological
literacy, the app itself should appeal to users. Perceived
usefulness and perceived ease of use are constructs of the
technology acceptance model, a well-known model for
understanding the intention of utilizing innovative technology
[51]. Perceived usefulness refers to the degree to which
individuals believe that using a specific technology can improve
their task performance. Perceived ease of use is the subjective
belief that the product, when used, does not require significant
physical or mental effort. The higher these two constructs are
rated, the greater the intention to use the product [46,48]. Paying
attention to these constructs in an app’s design can encourage
use of these technological tools.

Qualities of User Interfaces and Effect on Preference
Three major product qualities are essential in evaluating an
interactive product: instrumentality, aesthetics, and symbolism
[52]. Instrumentality relates to how a product fulfills the
practical needs of promoting the users’ goals through usability.
Instrumentality is an aggregate of perceived usefulness and
perceived ease of use [53]. Aesthetics revolve around the sensual
effect the product has on the user, eliciting an emotional reaction
of, for example, tranquility, confidence, pleasantness, or
frustration. Symbolism refers to the associations that the product
produces and the meanings it communicates, regardless of its
pragmatic goals. The effect of each of these qualities on product
preference is mediated by the role of the users [18], their
personal characteristics [19], and the product itself [17]. Eytam
et al [18] found that the visual simplicity or complexity of a UI,
as reflected by the number of its controls, influences judgments
of instrumentality and aesthetics. Still, aesthetics is a consistent
predictor of preference of UIs for both simple and complex
designs. Symbolism is found to influence decisions about a
product's characteristics. It is a salient predictor of the perceived
creativity of product UIs, regardless of their complexity level
[17].

Research Hypotheses
Our model postulates that 2 significant elements influence
preferences for mHealth apps. The first of these includes product
qualities, namely, instrumentality, aesthetics, and symbolism
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[52], as reflected by the number of controls in the UI (needed
to operate it) [18]. The second focuses on whether a physician
or an AI algorithm performs the data analysis of information
collected by the app. The following hypotheses explain how
these 2 dimensions may affect preferences for different models
of an mHealth app.

Because users are more likely to trust a human physician
[40,41], we expect an app with a physician intervention would
be rated higher in instrumental value than the same application
backed by the support of an AI algorithm. Similarly, because
apps presenting an excessive number of controls are reported
in the literature to be more complicated to use [53,54], we
expected that the number of controls will affect instrumentality
ratings. Having fewer controls was expected to increase
instrumental value regardless of data analysis mode [18]. Thus,
H1a was that “Instrumentality judgments of mHealth apps
should be higher when data are analyzed by a human physician
versus an AI algorithm.” H1b was that “Instrumentality
judgments of mHealth apps should be higher when there are
few versus many controls, regardless of mHealth data analysis
mode.”

Because the data analysis process is embedded in the system
and is not reflected in the design, the presence of a human
physician or an AI algorithm to analyze the data was not
expected to affect noninstrumental judgments [17] that revolve
around user delight and satisfaction [55]. Therefore, H2a was
that “Aesthetic judgments of mHealth apps should be similar
when data are analyzed either by a human physician or an AI
algorithm.” H2b was that “Symbolism judgments of mHealth
apps should be similar when data are analyzed either by a human
physician or an AI algorithm.”

Data analysis is a pragmatic characteristic of the application
that is not reflected in the design [17]. Therefore, we expected
instrumentality to be a salient predictor of product preference
for applications backed by a human physician and believed to
have greater instrumental value. Because noninstrumental
attributes are reported in the literature as salient predictors of
preference [18,19], we expected aesthetics and symbolism in
both application types (with a human physician and with an AI
algorithm) to be salient predictors of mHealth apps. Therefore,
H3a was that “Instrumentality should be a salient predictor of
preference variance for apps that engage a human physician
versus an AI algorithm.” H3b was that “Aesthetics should be a
salient predictor of preference variance for apps that engage a
human physician and those that engage an AI algorithm.” H3c
was that “Symbolism should be a salient predictor of preference
variance for apps that engage a human physician and those that
engage an AI algorithm.”

Because traditional health care is characterized by personal
contact (human touch) between a patient and caregiver [14,40],
we expected that preferences for apps that engage a human
physician would be higher than those that rely on automatic AI
analysis. H4 was that “Preference is higher for apps that engage
a human physician versus an AI algorithm.”

Methods

User Evaluation
In this research project, we conducted a user evaluation of 3
key UI features of mHealth apps: instrumentality, aesthetics,
and symbolism. We compared user responses to descriptions
of apps that use AI to analyze the data collected, while the app
also had a physician available to analyze the same data remotely.
To test if there was a difference in user preferences, we asked
the 2 respondent groups to respond in writing to a questionnaire
used to rate 3 different models of an mHealth app. These models
differed in the number of their controls. Although each group
of respondents evaluated the same models, before each group
began to complete the same questionnaire, the members of one
group received a different scenario than the members of the
other group. The first group was told that a physician would
examine the data received from the mHealth app (hereafter
referred to as the physician, or doctor, scenario). The second
group was told that data received by the mHealth app would be
analyzed by a very accurate AI algorithm (hereafter referred to
as the robot, or bot, scenario). Thus, the research was designed
as a between-dimensions (2 scenarios/app descriptions) and a
within-dimensions (3 models/stimuli) experiment. 

Sample
There were 347 respondents who took part in the study (mean
age 29.12, SD 9.20, range 15-86 years; gender: 198/347, 57.1%
female). Respondents were volunteers recruited by students
taking a data analysis course at an engineering college.

Stimuli
The mHealth app features were designed by students
participating in a UI course. The features the students were
asked to create had to fit 1 of 3 themes: frequently used mHealth
features, health indicators, and social-oriented features. The
final designs were refined by 3 judges (2 human-computer
interaction specialists and 1 biologist). The final stimuli involved
3 models: The first model was simple—with a 4-control design
including frequently used mHealth features. The second model
was medium—with an 8-control design presenting added health
indicators. The third model was complex—with a 12-control
design that included added social-oriented features (Multimedia
Appendix 1 presents the 3 models of the application). Each
control represented a different feature commonly used in
well-being (eg, an iPhone health app) and diet-supporting
applications.

Measures
We borrowed 16 items measuring instrumentality, aesthetics,
and symbolism (Multimedia Appendix 2) from the
human-computer interaction literature [17].

Manipulation
In order to manipulate the use scenario (doctor versus robot), a
short introduction preceded the questionnaire and introduced
either the human doctor or an automatic AI algorithm (See
Multimedia Appendix 3 for each introduction).
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Procedure
Respondents were randomly assigned to 1 of 2 groups: a group
presented with a doctor scenario (n=159) and a group presented
with a robot scenario (n=188). The members of each group read
the scenario preface for their group only, before anonymously
completing the questionnaire. The illustration of each model
was presented 4 times, each time with a different set of 4
randomly chosen items, to control for possible consistency
effects. To conclude the study, respondents were asked to rate
their preference regarding each design on a Likert scale (1-7)
and choose their favorite application design.

Ethics Approval
The Shamoon College of Engineering IRB (ethics committee)
approved the research project (review 12), including the
experimental task, the testing procedure, and the collection of
data.

Results

An analysis of standard residuals was carried out on the data to
identify any outliers. The analysis results indicated that 22
(6.3%) of the total sample (347 respondents) needed to be
removed because they responded similarly to all different items
for the 3 designs tested. Of the respondents, before rating the
different designs, 144 read the doctor-scenario description, and
181 read the robot-scenario description. Responses to items

describing attributes of design illustrations were subjected to
exploratory factor analysis. Following Rafaeli and Vilnai-Yavetz
[52], our theoretical model assumed 3 distinct factors
corresponding to the product qualities of instrumentality,
aesthetics, and symbolism. Accordingly, 3 factors were specified
for retention. Maximum likelihood estimation and oblique
rotation (direct oblimin with Kaiser normalization) were applied
separately to the data for each model tested (ie, Models 1, 2,
and 3). Items were loaded on 3 distinct factors for all models
(Multimedia Appendix 4 presents factor loadings of items for
the 3 models tested). The 3 factors explained 76% to 77% of
the variance in each of the 3 analyses. The items of each attribute
were averaged to create scale scores. Cronbach alpha reliabilities
were calculated for the attributes of each illustration in each
group. All scales had adequate reliabilities (between 0.88 and
0.93) in all conditions.

In general, the correlations between the scales for the 3 models
tested were between 0.62 and 0.73, which is in line with
previous studies [56-58]. For Models 1 and 2, the correlations
were not excessive in any of the conditions, an outcome that
indicates reasonable discriminability for all 3 attribute ratings
that occurred. For Model 3, the correlations between attribute
ratings exceeded 0.70. These correlations may indicate that it
was too difficult to differentiate between the different qualities
with too many controls. Table 1 presents the correlations and
reliabilities for each scale in each product condition.

Table 1. Correlations and reliabilities for each scale in each condition (n=325).

Model 3Model 2Model 1Level

SymbolismAestheticsInstrumentalitySymbolismAestheticsInstrumentalitySymbolismAestheticsInstrumentality

0.710.730.91a0.680.660.90a0.670.620.91aInstrumental-
ity

0.700.92a0.730.690.93a0.660.690.92a0.62Aesthetics

0.90a0.700.710.88a0.690.680.88a0.690.67Symbolism

aReliability.

A series of mixed-design analysis of variance studies were
conducted with product (doctor versus robot) as a
between-groups factor and model (1, 2, or 3) as a within-subjects
factor. Instrumentality, aesthetics, symbolism, and preference
were the dependent variables. The Mauchly test indicated that
the assumption of sphericity had been violated (instrumentality:

χ2
2=130.28, P<.001; aesthetics: χ2

2=51.74, P<.001; symbolism:

χ2
2=48.54, P<.001; preference: χ2

2=75.29, P<.001). Therefore,
the degrees of freedom were corrected using Greenhouse-Geisser
estimates of sphericity (instrumentality: ε=0.76; aesthetics:
ε=0.88; symbolism: ε=0.88; preference: ε=0.83). All pairwise
comparisons used the Bonferroni correction for multiple tests.
Figures 1-4 detail ratings for product attributes for the 2 product
conditions tested.
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Figure 1. Average instrumentality ratings of doctor versus robot based on model. AI: artificial intelligence.

Figure 2. Average aesthetics ratings of doctor versus robot based on model. AI: artificial intelligence.
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Figure 3. Average symbolism ratings of doctor versus robot based on model. AI: artificial intelligence.

Figure 4. Average preference ratings of doctor versus robot based on model. AI: artificial intelligence.

Model had a significant effect on instrumentality, aesthetics,
symbolism, and preference ratings. There was a positive
relationship between model and instrumentality ratings. The
Model 1 (doctor: mean 5.25, SD 1.57; robot: mean 4.71, SD
1.59) and Model 2 (doctor: mean 4.96, SD 1.56; robot: mean
4.66, SD 1.50) designs were rated as significantly more
instrumental than that of Model 3 (doctor: mean 4.57, SD 1.72;
robot: mean 4.45, SD 1.71) in both conditions (both
comparisons, P<.001). Similar trends were also reported in
studies that examined the effect of model choice on judgments
of instrumentality [18,19]. There was a significant difference
between aesthetic ratings of Model 2 (mean 4.07, SD 1.60)
versus Model 3 (mean 3.82, SD 1.60) but only in the robot
condition (P=.004). There was a significant difference between

the symbolism ratings of Model 2 (doctor: mean 4.28, SD 1.60;
robot: mean 4.10, SD 1.48) compared with those of Model 3
(doctor: mean 4.14, SD 1.65; robot: mean 3.87, SD 1.55;
P=.001). Finally, there was a significant difference between
preference ratings for Model 1 (doctor: mean 4.89, SD 1.77;
robot: mean 4.62, SD 1.88) and Model 3 (doctor: mean 4.70,
SD 1.8760; robot: mean 4.64, SD 1.83) compared with those
of Model 2 (doctor: mean 5.41, SD 1.32; robot: mean 5.18, SD
1.36; P<.001).

Group had a significant effect on the instrumentality ratings of
Model 1 (doctor: mean 5.25, SD 1.57; robot: mean 4.71, SD
1.59; P<.001) and on the aesthetics ratings of Model 3 (doctor:
mean 4.19, SD 1.70; robot: mean 3.82, SD 1.60; P=.03). The
interaction effect was significant for the instrumentality
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(F2,646=8.05, P=.001) and aesthetics rating (F2,646=4.19, P=.02),
indicating that the effect of the virtual presence of a human
physician was greater in judgments of instrumentality of Model
1 and in judgments of aesthetics of Model 3.

We conducted separate regression analyses for each model (1,
2, and 3), with preference as the dependent variable and product
attributes (instrumentality, aesthetics, and symbolism) as the
predictors. Tests to see if the data met the assumption of
collinearity indicated that multicollinearity was not a concern
for any of the analyses conducted (tolerance >.2) [59]. The
results of the regression are presented in Table 2 and Table 3.
In the doctor condition, independent variables (product
attributes) accounted for 13% to 18% of the preference variance
in the Models 1, 2, and 3 analyses. When reading the doctor
scenario before evaluating Model 1, respondents considered all
product attributes as salient. When reading the robot scenario
before evaluating Model 1, respondents considered only

aesthetics as a salient predictor for preference. When preparing
to evaluate Model 2, respondents who read either scenario found
one noninstrumental attribute as salient (although they found
different attributes—symbolism for the doctor scenario and
aesthetics for the robot). The 2 different scenarios did not
influence the importance of any of the 3 product attributes in
any significant manner. Probably adding many controls to the
model, as in Model 3, brings about different considerations that
we did not measure in this research.

To test the percentage of respondents preferring different designs
after reading each scenario, we used a Z-ratio test (based on the
calculator in [60]). The Z-ratios for proportions of design choice
frequencies and group were not significant for the simple design
(Z=0.455, P=.65), medium design (Z=–0.210,P=.48), and Model
3 (Z=–0.211, P=.83). The frequencies of the choice of design
are depicted in Table 4.

Table 2. Preference model standardized regression coefficients (doctor [n=144] scenario).

Doctor model 3 (R2=0.17)Doctor model 2 (R2=0.13)Doctor model 1 (R2=0.18)Condition

F (df)P valueSEBetaF (df)P valueSEBetaF (df)P valueSEBeta

9.68
(3,140)

P=.170.160.206.87
(3,140)

P=.340.110.1310.40
(3,140)

P=.0040.13–0.34Instrumentality

P=.290.140.14P=.880.100.02P=.0040.110.32Aesthetics

P=.280.130.12P=.02.090.25P=.0010.110.38Symbolism

Table 3. Preference model standardized regression coefficients (robot [n=181] scenario).

Robot model 3 (R2=0.11)Robot model 2 (R2=0.16)Robot model 1 (R2=0.27)Condition

F (df)P valueSEBetaF (df)P valueSEBetaF (df)P valueSEBeta

7.37
(3,177)

P=.710.110.0411.38
(3,177)

P=.550.09–0.0621.63
(3,177)

P=.250.11–0.10Instrumentality

P=.260.130.13P=.950.090.01P=.0010.120.48Aesthetics

P=.100.140.20P=.0010.120.43P=.330.140.12Symbolism

Table 4. Choices of design (doctor versus robot scenario; total n=325).

Model 3 (n=133), nModel 2 (n=108), nModel 1 (n=84), nScenario

584739Doctor (n=144)

756145Robot (n=181)

Discussion

Principal Findings
This research project investigated user preferences for mHealth
apps. We sought to facilitate the acceptability of such technology
in health care provision, which would lead to more frequent
and productive use of these apps. In general, when a human
touch was present in the analysis, that is, when the respondents
thought a physician would analyze the data collected by the
mHealth app, ratings of both instrumentality and aesthetics were
higher than the scenario in which they thought AI would analyze
their data. These overall higher ratings can be explained by
trust. Previous studies reported that people do not trust AI-based
technology in health care as much as they do their doctors (eg,

[15,42]). A human physician increases the sense of
connectedness to a knowledgeable, caring health care
professional [41].

In contrast, an AI algorithm works as a “black box”—a metaphor
suggesting that, because people do not know how they produce
their outputs, they have less trust in them [15]. Vo et al [61]
reviewed 43 qualitative studies of patients’ perceptions of
mHealth. They found that patients appreciated communicating
directly with health care professionals and providers because
they could receive responses to their concerns from a person
who cared. Patients with chronic ailments reported that they
want to share their health records with their physicians between
clinic visits [62] because of their need for a relationship with
the caregiver [41]. Table 5 summarizes the research hypotheses.
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Table 5. Research hypotheses.

Table or figureModel 3cModel 2bModel 1aHypothesis descriptionHypothesis number

Figure 1XX√Instrumentality judgments of mHealthd apps should be higher when

data are analyzed by a human physician versus an AIe algorithm.

H1a

Figure 1√√√Instrumentality judgments of mHealth apps should be higher when
there are few versus many controls, regardless of mHealth data
analysis mode.

H1b

Figure 2X√√Aesthetic judgments of mHealth apps should be similar when data
are analyzed either by a human physician or an AI algorithm.

H2a

Figure 3√√√Symbolism judgments of mHealth apps should be similar when
data are analyzed either by a human physician or an AI algorithm.

H2b

Table 2XX√Instrumentality should be a salient predictor of preference variance
for apps that engage a human physician versus an AI algorithm.

H3a

Table 2XX√Aesthetics should be a salient predictor of preference variance for
apps that engage a human physician and those that engage an AI
algorithm.

H3b

Table 2X√XSymbolism should be a salient predictor of preference variance
for apps that engage a human physician and those that engage an
AI algorithm.

H3c

Figure 4XXXPreference is higher for apps that engage a human physician versus
an AI algorithm.

H4

a4 controls in the design.
b8 controls in the design.
c12 controls in the design.
dmHealth: mobile health.
eAI: artificial intelligence.

The simplest model (Model 1 with 4 controls) was judged the
most instrumental among the 3 models tested. Predictably, the
most complex model (Model 3 with 12 controls) was regarded
as the least instrumental. This pattern of rating simplicity as
providing high instrumentality has been noted in previous
research [18,19]. Usability experts often advocate simplicity to
promote a product’s usability. They suggest that simple designs
help people achieve their goals more efficiently and effectively
because of their clarity and filtering out unnecessary features
[63]. Hilliard et al [64] reported that chronically ill patients
preferred apps that required minimal effort to input medical
data or to set up scheduled alarms. In addition, respondents in
our study, regardless of the scenario they read before responding
in writing to the survey, preferred mid-level complexity (Model
2 with 8 controls). This preference for Model 2 hints at the idea
that, while users do not want restricted functionality, they also
do not want feature-laden apps [17,18].

The complex design was rated significantly more aesthetic when
a human physician analyzed the data than an AI algorithm.
Simplicity is often associated with beauty [63] and sophistication
[65,66]. The effect of a human physician’s involvement on
aesthetic perceptions could be derived from a halo effect that
made the overall impression of the application more positive
in general because of this feature. Even so, previous research
found that aesthetic websites enhance customer trust [67-69].
Perhaps this effect is also reversed, and confidence in a human
physician’s involvement in the app made it appear more
aesthetic.

Noninstrumental qualities, namely, aesthetics and symbolism,
were significant predictors of preference variance in both types
of eHealth applications tested, which hints at the salient role of
hedonic qualities in the evaluation of the app. Although potential
users of mHealth apps have primarily utilitarian needs [55],
users of technology products tend to stress hedonic motivations
[56,57]. Eytam et al [18] noted that aesthetics is a consistent
predictor of preference variance. The negative effect of
instrumentality on product preference when a human physician
is involved in data analysis may suggest that users’ needs are
not settled when their usability expectations are met but rather
that they seek the hedonic benefits of the app.

This study explored how mHealth app qualities can affect the
willingness of patients with NCDs to adopt these tools in their
daily routine. Although it included the primary app qualities of
instrumentality, aesthetics, and symbolism, it did not delve into
the specific functions that patients look for in mHealth apps.
That said, the literature suggests that specific functions such as
connectedness to a support group through social media can
promote mHealth apps [23]. Future studies should relate to
particular features in these apps that can encourage willingness
to adopt them. Specifically, future research should examine
how widening the human touch in applications via
connectedness to support groups may affect the acceptability
of mHealth apps.

Conclusion
Our research model proposed 2 dimensions that influence app
preference: design quality and the method of data analysis (ie,
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by a human physician or AI algorithm analysis). We tested 3
application models to study these factors, each with a different
number of controls for the various functions. Initially, we
hypothesized that human touch in the application in the form
of an assumed analysis of the data by a human physician would
be perceived as more attractive than one automatically analyzed
by an AI algorithm. The involvement of a physician in the
application had a significant effect on the perceived
instrumentality only for the simple design; however, physician
involvement did not affect preference for an app. This lack of
ability to affect preference is probably because judgments of

the noninstrumental qualities—aesthetics and
symbolism—which are the significant predictors of preference
variance, were unaffected by how the data were analyzed.
Overall, our findings show that mHealth adoption can be
facilitated when the complexity of the design is restricted, when
hedonic qualities of the design are attended to, and when human
touch with a physician is taken into account. Because previous
research suggests that aesthetics enhance trust in technology,
investing in the aesthetics of mHealth apps would be a wise
strategy to promote adoption by potential users.
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Abstract

Background: A patient’s capability, motivation, and opportunity to change their lifestyle are determinants of successful outcomes
following bariatric surgery. Lifestyle changes before and after surgery, including improved dietary intake and physical activity
levels, have been associated with greater postsurgical weight loss and improved long-term health. Integrating patient-centered
digital technologies within the bariatric surgical pathway could form part of an innovative strategy to promote and sustain healthier
behaviors, and provide holistic patient support, to improve surgical success. Previous research focused on implementing digital
technologies and measuring effectiveness in surgical cohorts. However, there is limited work concerning the desires, suggestions,
and reflections of patients undergoing bariatric surgery. This qualitative investigation explores patients’perspectives on technology
features that would support behavior changes during the pre- and postoperative periods, to potentially maintain long-term healthy
lifestyles following surgery.

Objective: This study aims to understand how digital technologies can be used to support patient care during the perioperative
journey to improve weight loss outcomes and surgical success, focusing on what patients want from digital technologies, how
they want to use them, and when they would be of most benefit during their surgical journey.

Methods: Patients attending bariatric surgery clinics in one hospital in the North of England were invited to participate.
Semistructured interviews were conducted with purposively sampled pre- and postoperative patients to discuss lifestyle changes
and the use of digital technologies to complement their care. The interviews were audio recorded and transcribed verbatim.
Reflexive thematic analysis enabled the development of themes from the data. Ethical approval was obtained from the National
Health Service Health Research Authority.

Results: A total of 20 patients were interviewed (preoperative phase: 40% (8/20); postoperative phase: 60% (12/20). A total of
4 overarching themes were developed and related to the optimization of technology functionality. These centered on providing
tailored content and support; facilitating self-monitoring and goal setting; delivering information in an accessible, trusted, and
usable manner; and meeting patient information-seeking and engagement needs during the surgical pathway. Functionalities that
delivered personalized feedback and postoperative follow-up were considered beneficial. Individualized goal setting functionality
could support a generation of digitally engaged patients with bariatric conditions as working toward achievable targets was deemed
an effective strategy for motivating behavior change. The creation of digital package of care checklists between patients and
clinicians was a novel finding from this study.
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Conclusions: Perceptions of patients undergoing bariatric surgery validated the integration of digital technologies within the
surgical pathway, offering enhanced connectedness and support. Recommendations are made relating to the design, content, and
functionality of digital interventions to best address the needs of this cohort. These findings have the potential to influence the
co-design and integration of person-centered, perioperative technologies.

(JMIR Hum Factors 2022;9(1):e29782)   doi:10.2196/29782

KEYWORDS

digital technology; eHealth; mHealth; bariatric surgery; behavior change; qualitative research; co-design; perioperative care;
mobile phone

Introduction

Background
Obesity is a growing global pandemic [1-3]. Weight loss surgery
(bariatric surgery) is regarded as the most effective method for
long-term weight loss [4]. Despite an increase in the number of
bariatric procedures over the past few years, recent literature
has suggested that surgery is still an underused treatment option,
with the number of American adults choosing surgery being
approximately 1% [5,6]. Despite the promising weight loss
outcomes following surgery, patients can experience challenges
beyond the procedure itself in their bid for surgical success [7].
These include facing social pressures and stigma related to
surgery [8]; psychological impacts, including negative body
image and depression [9]; and adjusting to postoperative lifestyle
recommendations to reduce weight regain [10].

A patient’s capability, motivation, and opportunity to change
their lifestyle are significant determinants of successful
outcomes following bariatric surgery [11,12]. Healthier lifestyle
changes before and after surgery, including improved dietary
intake and physical activity levels, have been shown to
contribute to greater postsurgical weight loss [13,14],
maintenance of weight loss [15], and better overall long-term
health [16]. However, previous literature has demonstrated the
various challenges that clinicians may face when supporting
changes of this nature for this surgical patient cohort,
particularly on a long-term basis [17,18]. Attendance at
postsurgical follow-up care [19,20], engagement with behavioral
appointments and support groups [21,22], and the impacts of
travel distance to clinic appointments are some of the previously
examined factors associated with poorer outcomes following
surgery [17,23]. Digital technologies may pose as a promising
alternative avenue for the provision of surgical patient support,
which could be offered remotely, without the need for in-person
attendance [24]. In particular, digital technologies offer an
ability to provide scalable support which may prove useful on
a wide scale [24,25]. Currently, little is known about the optimal
way to design, deliver, and implement digital health technologies
for this unique surgical patient cohort; this study seeks to
provide further insights and has adopted a patient-informed and
patient-centered approach to do so [14,26].

Digital health technologies (such as mobile phone apps, tailored
web platforms, and wearable activity trackers) provide
promising opportunities for connected patient care. They provide
education and information in an easily accessible and
patient-friendly manner [25,27,28] and encourage patients to
become active participants in their own care [29,30]. Studies

have acknowledged patients’ receptiveness toward using digital
technologies to complement the care pathways of other surgical
procedures, which has resulted in successful behavior change,
improved recovery time, and reduced length of stay in hospital
[31-33]. In the bariatric surgery literature, recent studies have
reported how telemedicine and digitally supported care have
been well received by patients [34] and have potentially
improved postoperative clinic attendance and patient
engagement with surgical care [25,35,36]. Using digital
technologies within the bariatric surgical pathway, both pre-
and postoperatively, could form part of a remote strategy to
deliver support and behavior change advice to patients.

Existing literature has suggested that collaborative approaches
in medicine, between patients and clinicians, can result in
improved patient engagement, trust, and satisfaction, and
improve intended health-related outcomes [37-39]. Cocreation
and user-centered, experience-based co-design approaches are
being researched and implemented in other areas of health care,
with the goal of improving patient-focused care [40,41]. Many
studies have focused on implementing digital technologies and
measuring their effectiveness in various medical and surgical
cohorts [42,43]. A recent study by Korpershoek et al [44] using
user-centered design approaches supported patient
self-management of chronic obstructive pulmonary disease and
that by Solem et al [45] designed and developed an electronic
health pain management intervention for those affected by
chronic pain. Similarly, a recent study by Paton et al [46]
demonstrated how predictive human–computer interaction
modeling could be integrated into user-centered design
approaches to improve health intervention usability and safety.
However, there is a paucity of patient-centered research
specifically concerning the desires, suggestions, and reflections
of patients undergoing bariatric surgery. This warrants further
investigation to develop useful and effective digital support
strategies for this patient population, with user-centered design
being one possible strategy to adopt to understand how patients
undergoing bariatric surgery want to be supported.

Objectives
This qualitative study aims to understand how digital
technologies could be used to better support patients across the
wider perioperative pathway, covering pre- and postoperative
time points, with the overall rationale of improving weight loss
outcomes and, therefore, surgical success. Specifically, our key
research questions were as follows: What do patients want from
digital health technologies, How do they want to use them, and
When would they be of most benefit during their surgical
journey?
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Methods

Participant Recruitment and Sampling
According to the Enhancing the QUAlity and Transparency Of
health Research guidelines, the COREQ (Consolidated Criteria
for Reporting Qualitative Research) checklist was followed for
this study (Multimedia Appendix 1) [47]. Patients attending
bariatric surgery clinics within a large teaching hospital in the
North of England were invited to participate in this study. This
included both pre- and postoperative patients who attended their
outpatient appointments, as their experiences and perspectives
on using digital health technologies may differ. No previous
relationship was established between the researcher and
participants before study commencement or recruitment. All
participants were provided with an information sheet detailing
the purpose and aims of the study during their appointment with
the surgeon. Written informed consent was obtained before
conducting the interviews. To be included in the study, patients
had to be aged >18 years; recently undergone (within the last
2 years, as per the 2-year National Health Service [NHS]

bariatric surgery follow-up guidelines) or planned to undergo
(ie, those who are under the care of the multidisciplinary team
and are awaiting a surgery date) bariatric surgery at the specific
hospital trust [48]; medically stable (not affected by an acute
decline in health away from baseline); and able to participate
in an interview, communicate in English, and have the capacity
to consent to taking part in the study. It was deemed important
that participants with a range of experiences of and opinions on
digital technologies were included in this study to showcase
representative views reflective of those of typical patient
cohorts; thus, there was no specification to the level of current
or previous digital technology use to take part in this study.
However, details of the frequency of technology use were
collected to aid in the interpretation of the results (Table 1).
Purposive sampling techniques were used to recruit a wide and
representative sample of patients undergoing bariatric surgery
within the region. This also meant that the sample of participants
included in this study represented a mixture of ages, men and
women, and included participants who were at various stages
within their pre- and postoperative journeys (ranging from 1
week before surgery to 24 months after surgery).

Table 1. Participant characteristics (N=20).

Reported level of
digital technology

useb at the time of
interview

Time since surgery (ex-
act) or time until

surgery (approximatea)

PhaseSurgical procedureParticipant ethnicity
(self-reported verba-
tim from participant
interviews)

Age
(years)

SexParticipant
number

Daily24 monthsPostoperativeGastric bypass“English”29Female1

Daily12 monthsPostoperativeSleeve gastrectomy“White British”55Female2

Daily18 monthsPostoperativeGastric band“Pakistani Asian”54Female3

Daily24 monthsPostoperativeSleeve gastrectomy“British”50Female4

Every other day6 weeksPreoperativeUndecided“British”46Male5

Daily9 monthsPostoperativeGastric bypass“British”52Female6

Never4 monthsPostoperativeGastric bypass“English”61Female7

Daily24 monthsPostoperativeGastric band“British”51Male8

Daily2 weeksPreoperativeSleeve gastrectomy“White British”39Female9

Daily8 weeksPreoperativeGastric bypass“Asian”40Male10

Daily24 monthsPostoperativeGastric bypass“British”31Female11

Daily24 monthsPostoperativeGastric bypass“British”51Female12

Daily24 monthsPostoperativeGastric bypass“White British”58Female13

Daily1 weekPreoperativeGastric bypass“White British”50Female14

Every other day24 monthsPostoperativeGastric bypass“English”59Female15

Daily12 monthsPostoperativeGastric bypass“Pakistani”29Female16

Daily8 weeksPreoperativeSleeve gastrectomy“Asian”26Male17

Daily4 weeksPreoperativeGastric band“British”35Female18

Daily2 weeksPreoperativeUndecided“White British”50Male19

Daily4 weeksPreoperativeGastric bypass“British Indian”52Female20

aTime until surgery, approximate: given the implications of the COVID-19 pandemic, some surgery dates may have been delayed.
bReported level of digital technology use: reported by participants in response to the question How often do you use the internet or use apps on a
smartphone?
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Semistructured Interview
Between February and March 2020, in-depth semistructured
interviews were conducted by a researcher (AR, a female
doctoral researcher with experience in qualitative research). All
participants chose to be interviewed in the hospital in a
confidential surgery clinic room, at a time convenient for them;
only the participant and researcher were present. Interviews
were conducted until theoretical data saturation was reached,
that is, upon author consensus that subsequent interviews yielded
no new information. Instead, the authors observed mounting
instances of the same codes, as described by Urquhart et al [49],
Birks and Mills [50], and Olshansky and de Chesnay [51], and
deemed that theoretical data saturation had been achieved. A
semistructured interview schedule (topic guide), which formed
the basis of all participant interviews, was developed based on
3 pilot interviews, existing studies on digital health technologies
in this cohort [27,28,52,53], and systematic reviews of the
literature by the research team [24,25]. Participant interviews
included questions to elicit spontaneous discussions around
their surgical experience, awareness of health and lifestyle
behavior change (eg, physical activity, smoking cessation,
alcohol intake, and dietary intake), patient physical and
psychological support requirements, their perspectives on digital
health technologies, and previous technology use (Item 2: Topic
guide in Multimedia Appendix 1).

Data Analysis
Semistructured interviews were audio recorded and transcribed
verbatim by a researcher (AR). All data were anonymized at
the point of transcription. Participants did not provide comment
on the transcript or feedback on results. Each interview was
transcribed and analyzed before conducting the next interview.
Reflexive thematic analysis, as defined by Braun and Clarke
[54,55], was performed by 2 researchers (AR and AKH).
Transcribing the audio files and reading and rereading the
interview transcripts ensured data familiarization. Significant
phrases and sections of transcripts were identified and coded
with initial descriptive codes; these were then sorted and
clustered into common coding patterns, which enabled the
development of analytic themes (derived from the data).
Working iteratively and reflexively, the themes were
continuously reviewed and refined until they were coherent and
distinctive [54]. Reflexive analysis was performed through
discussion between the 2 researchers (AR and AKH) and, if
agreement was not reached, by consensus with the wider team
(SPS and RDS). Postinterview field notes enhanced this
reflective process. NVivo (version 12; QSR International) was
used to assist in the organization of interview data and thematic
analysis. The team members were in agreement that data
saturation occurred at 20 interviews. When using direct quotes
from patients, nonidentifiable pseudonyms were used to ensure
confidentiality; for example, participant 1, participant 2, and so
on.

Ethical Approval
Ethical approval was obtained from the NHS Health Research
Authority and Care Research Wales (reference 19/NE/0318).

Results

Overview
A total of 20 participants were recruited and interviewed as part
of this study (there were no refusals to partake, participant
dropouts, or repeat interviews). Of these 20 participants, 8 (40%)
participants were in the preoperative phase and 12 (60%) were
in the postoperative phase of their surgical journey. The
characteristics of each participant are presented in Table 1. The
average age of participants was 46 (SD 10.63) years, and most
of the participants had, or were planning to undergo, a gastric
bypass procedure (11/20, 55%). All patient interviews were
conducted in person between February and March 2020, before
the COVID-19 pandemic and restrictions. All participants chose
to be interviewed in a confidential room within the bariatric
surgery clinic of the hospital. The average interview duration
was 52 (SD 18.5) minutes.

The analysis revealed that participants had particular support
needs throughout their perioperative journey before and after
bariatric surgery. A total of 4 overarching themes were
developed from data related to the capability and functionality
of digital health technologies to provide this support. These
concerned the technology’s ability to (1) provide
surgery-specific content and support; (2) facilitate
self-monitoring and goal setting; (3) deliver information in an
accessible, trusted, and usable manner; and (4) meet
information-seeking and engagement needs at time points before
and after undergoing bariatric surgery. We further explored
these 4 themes and illustrated perspectives and suggestions with
direct interview quotes within this patient-informed piece of
work.

Providing Surgery-Specific Content and Support
When asked about how digital technologies could best be
designed for patients undergoing bariatric surgery, interviewees
expressed opinions about what information should be provided,
how this information should be tailored, how specific features
could be designed, and their visions of what their ideal
supportive digital intervention would look like.

It was deemed important that the content and support that
patients received from the technology were specific to bariatric
surgery. A preoperative participant described how “the support
packages should be tailored to the people, rather than the
procedure,” explaining how patients “can lose our hair, end up
with excess skin, and need to be on lifelong supplements” and
how this is “the kind of stuff” that they need support with
throughout the journey of surgery and beyond (participant 14,
preoperative phase). Another participant explained how it would
have been helpful to know that “after a normal operation you’d
be able to eat whatever to build up your energy levels again
quite quickly...but you can’t do that with bariatric surgery, you
physically can’t eat things immediately post-surgery,” so “you’d
need it specifically to advise on the bariatric recovery in that
case” (participant 3, postoperative phase). There appeared to
be an unmet need related to tailored, educational, and
informational support for this cohort.
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Regarding the content of the technology, discussions centered
on dietary-focused forms of support. Patients’ suggestions and
desires ranged from the inclusion of “options of what I could
have for a snack” (participant 5, preoperative phase) and
“something with a meal plan available” (participant 9,
preoperative phase), to designing “an app with recipes on it” so
patients could “keep coming back to it” for healthier meal
options (participant 5, preoperative phase). Patients favored
prescriptive approaches (defined as stating what should happen
or what someone should do) to content when it came to
describing ideal technology-enabled support, stating that the
intervention should tell them what to do and what to “stick to”
(participant 8, postoperative phase). A preoperative patient
suggested that the integration of features such as “a list of what
you’re not allowed to eat anymore” would be most helpful so
they could “easily keep away from it (unhealthy foods)” in a
bid to “keep on track” with their anticipated weight loss
(participant 14, preoperative phase). In a cohort required to
change their lifestyle behaviors, even before undergoing surgery,
perhaps technologies delivering short-term descriptive support
(defined as describing something in a detailed way) would be
beneficial. Participants also stated that immediately following
surgery, they wished for stricter prescriptive digital support to
help them adjust to their new postoperative lifestyle and dietary
intake:

In the first couple of weeks [following surgery], we
need to be told what to do, what exactly to do...like
what to eat and what to avoid [Participant 9,
preoperative phase]

Participants considered it important for technology content to
also focus on the wider elements of healthy lifestyle behaviors,
including increased physical activity and reduced alcohol intake:
“If you called it a ‘lifestyles package’ for after bariatric surgery
then you can mention things like diet but also [alcohol] drinking
and exercise” (participant 9, preoperative phase). Patients
demonstrated awareness that positive behavior changes in these
areas also contributed to bariatric surgery success, with a
participant specifically discussing how they were “trying to
look for better choices – like a better choices app” (participant
5, preoperative phase) to support their journey. Interviewees
described how building reminders and prompts into technology
could better promote these messages of positive health
behaviors. The tone and content of these prompts were perceived
to be important, combining monitoring and activity messages
with motivational statements. The same participant described
how patients should be given control over the technology
settings so they could decide on the correct tone for them.

I would want something to just give you little
reminders – maybe even “have you been weighed this
week?” “have you been for a walk?” “don’t let
yourself slip”, things like that. But erm, nothing too
forceful...Not the whole powered sort of, gym
messages, like “get up fatty!” [laughs] [Participant
10, preoperative phase]

A postoperative patient reflected that, regardless of the
technology delivery method used, “the most important thing is
that you’re not left alone after the operation...[as] there’s so
many unknowns [sic]” (participant 11, postoperative phase).

Instead, they called for tailored digital support to be on hand
throughout the entire surgical journey to provide reassurance
to patients both pre- and postoperatively.

Facilitating Self-monitoring and Goal Setting
Both pre- and postoperative participants reflected on the
usefulness of self-monitoring and goal-setting functionalities
to track their progress throughout the surgical journey.
Participants felt it would be useful to self-monitor with
“comparison photos” that could be uploaded to an app to “see
how much of a difference there has been” (participant 15,
postoperative phase). Participants discussed real-time
engagement with technologies, remarking the usefulness of
inputting daily or weekly weights so that “graphs can track”
(participant 7, postoperative phase) and visualize their total
weight loss over time. Self-monitoring features were also
discussed in association with motivation and emotional
investment in the surgical journey, where a participant described
how observing “how much [weight] you’ve lost” can “keep
people’s spirits up” (participant 15, postoperative phase).
Another participant explained how automated messages of
“congratulations” were encouraging and “if it calculates your
BMI going down as well, I think that would be a really good
motivational tool” (participant 7, postoperative phase).
Suggestions to incorporate digital self-monitoring features into
digital interventions appeared to acknowledge the determination
of this cohort in striving for surgical success.

Patients also recognized how self-monitoring could encourage
and push them to undertake positive health behaviors related
to their physical activity to support their postoperative weight
loss. A participant described how wearable technology enticed
them “into doing more steps or exercise” (participant 1,
postoperative phase) and another referred to using gamification
features with different levels of increased difficulty for them to
work through. This participant suggested that increasing the
step count targets on a monthly basis would challenge them to
continue with regular walking and that achieving the target
meant they were encouraged to walk further for the next month.
Progressing through these physical activity–based milestones
was seen to encourage engagement with their physical
rehabilitation and provide underlying reassurance of staying on
track with their recovery.

I'd want [the physical activity challenges] to have
different levels too - like the first month, the second
month, unlocking the next bit...Then it’s all there for
you and you can keep going back and checking on
the app...I can know I’m on track then [Participant
14, preoperative phase]

A participant described a common postoperative pitfall of
getting “so hung up on what we’re eating and whether it’s right
or wrong” (participant 11, postoperative phase). Instead, they
recognized the benefit of technological features that enable the
setting of “daily goals about exercise” to “give us something
else to think about...and work towards” (participant 11,
postoperative phase), while achieving their vision of optimal
postoperative weight loss. The same participant reflected on
how goal setting would have widened their personal knowledge
of “what to do after” surgery, meaning they were able to
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“recover better” (participant 11, postoperative phase) and more
successfully. Another participant drew on their personal
experiences of using the “NHS Patient Access app” (participant
7, postoperative phase), which is freely available for all patients
registered with a general practitioner (physician) in the United
Kingdom. The app can be used to view primary care health
records, order repeat prescriptions, and get health advice on
medical conditions and treatments [56]. This participant
suggested that there be inclusion of specialist-bariatric advice
within the app, where “the full app [could be linked] to your
NHS number so it’s all personalized advice available”
(participant 7, postoperative phase). The participant also
suggested useful additions to the NHS app, where the home
screen could include “tabs at the bottom for specific stuff...like
graphs to track [your progress]” (participant 7, postoperative
phase).

Participants also discussed the value of shared access to their
self-monitored data, where members of the multidisciplinary
surgical team were able to track their progress. They remarked
that in-built 2-way monitoring features could increase their
personal sense of motivation and accountability to “break those
[bad] habits” participant 10, preoperative phase), especially
knowing that someone else was “keeping an eye” (participant
11, postoperative phase). Another participant felt that shared
monitoring could act as a reassurance mechanism for patients,
in which they were not being left to “fend for themselves”
(participant 4, postoperative phase) in the run-up to surgery or
as soon as the surgery was over. A sense of shared responsibility
for the success of surgeries was discussed when considering
professional-led health care monitoring. A participant supported
the inclusion of shared monitoring capabilities so that both
patients and health care professionals can “notice if they’re
slipping” (participant 16, postoperative phase) off the
postsurgical diet, implying that patients alone may not be able
to recognize bad habits reforming.

Delivering Information in an Accessible, Trusted, and
Usable Manner
All participants offered suggestions on technology delivery
methods and how they would like the intervention to be
available to them, including via phone-based apps, web-based
forums, and the use of social media platforms such as Facebook.
Most participants discussed that their preferred delivery method
would be accessible through their smartphone via an app, with
a patient explaining “practically everyone knows how to use a
phone for stuff now. Everything’s on it...So, if you could put
an app on there, I reckon that’s the best way” (participant 15,
postoperative phase). Other participants also reported how
frequently they used their phones and how people rarely “go
anywhere without it,” offering the potential for ongoing
engagement even “if I’m out for the day or away on holidays
or whatever, I can still log in” (participant 14, preoperative
phase) to use it. Many interviewees desired a delivery system
that was “nice and clear” (participant 3, postoperative phase),
with one remarking they did not want another “dry or crisp NHS
website,” instead preferring a “modernized” (participant 4,
postoperative phase) app or discussion page.

As an alternative delivery method, some participants reported
being members of bariatric surgery groups on Facebook. A few
participants reported social media and Facebook to be an
acceptable delivery format, offering familiarity and reassurance:
‘I use Facebook all the time...it’s amazing’ (participant 9,
preoperative phase). However, participants also questioned the
reliability of information posted on Facebook, describing it as
“obviously everyone’s own experiences, but it might not
necessarily be the safest” (participant 11, postoperative phase).
A participant described how some of the posts they had read
were “full of nonsense,” and therefore, they got rid of their
account. In their view, “an app would be better” as they “would
probably trust it [the content] more than Facebook” (participant
5, preoperative phase). Furthermore, another drawback of
Facebook was how one “need[ed] to scroll back to find the
information,” whereas an app could contain “a specific folder
or tab so you could go back to it [information]” (participant 9,
preoperative phase). Other participants described their positive
experiences of closed groups with smaller numbers of
individuals. A female patient discussed a private WhatsApp
group which contained 5 other postoperative patients and felt
that the “how are you all doing? messages” (participant 4,
postoperative phase) were helpfully shared among themselves.
This indicates that some postoperative patients may find it
helpful to surround themselves with smaller groups of
like-minded individuals when seeking trusted information.

Many participants highlighted how any information needs to
be quick and easy to locate, with one suggesting it should be
kept “all together in one place” (participant 9, preoperative
phase) and another describing how “that way you can keep
coming back to the information any time you wanted to, rather
than looking for the leaflets they gave us” (participant 5,
preoperative phase). Another described organizing the
information with “tabs at the bottom [of the screen] for specific
stuff” like “appointments for follow ups” (participant 7,
postoperative phase).

Previous technology use was considered along with accessibility
and information provision. A participant described “a usable
manner” as something that depends “on your character. I’m not
very techno-loving or anything, but I’d give it a go [laughs]”
(participant 6, postoperative phase). Some participants discussed
usability from the perspective of others, particularly the older
family members. A interviewee considered her mother aged 63
years, describing how “she can use Google now, but it’s took
a long time to get her to do that [sic]. But then again, my
husband’s Dad, he’s 73 and he would definitely use digital
stuff.” Interestingly, she also appreciated that usability “is a bit
dependent on the person too, not just their age” (participant 9,
preoperative phase). Some interviewees viewed usability in the
same context as familiarity and referred to strategies to
overcome this through patient education.

Another participant offered suggestions of how to design the
technology so that users of all literary abilities could engage,
through the use of happy or sad faces, or colors, for instance:

I’ve met a lot of people that can’t read or write...you
could do happy face, sad face, whatever...Or amber
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color for not advisable, red for bad or danger, green
for good [Participant 12, postoperative phase]

Meeting Patient Information-Seeking and Engagement
Needs at Time Points Before and After Surgery
With regard to using a form of digital technology for support,
participants shared varying opinions about when it would be of
most benefit to them during the perioperative period. This
benefit appeared to relate to (1) the timing of intervention
implementation (eg, implementing the technology to enable
preoperative information seeking) and (2) the timing of desired
engagement with technologies (eg, the value of interventions
that offered functions that spanned short term and long term to
meet patient needs).

When considering their implementation within the surgical
journey, participants believed preoperative digital interventions
would be useful to acquire knowledge about their upcoming
surgery “it’s an operation at the end of the day and you’re
changing your insides so I think it’s important to fully know
[about] it” (participant 10, preoperative phase). Participants
considered this preoperative knowledge-forming period vital
for both their physical and mental preparedness. After struggling
with their own surgical outcomes, a participant suggested
preoperative digital support specifically relating to the
psychological preparation of surgery. They discussed how
preoperative interventions could better educate patients and
meet information-seeking needs and manage postoperative
weight loss expectations:

If something could teach me like how to expect, what
to expect after [the surgery], it might have
helped...“cause I thought the weight loss would be
much faster and I look no different now, which has
affected my mental health.” [Participant 3,
postoperative phase]

Similar thoughts were raised by other participants, with one
explaining how it “would be really useful to have a map or plan
to know what’s going to happen, and when, so we know it’s a
full process for us to refer to and not panic” (participant 4,
postoperative phase). Another suggested designing “a
checklist...like all part of your own bariatric package” where
you could “tick off each bit” when it was achieved (participant
3, postoperative phase). Patients may benefit from seeing the
phases of the journey and understanding what was going to
happen next:

At least you could know what to expect, what is
coming either before or after the procedure, and what
to do. [Participant 9, preoperative phase]

Interviewees recognized the value of information seeking in the
initial, short-term, postoperative period “cause, say you were
standing in the supermarket and you thought ‘oh I could really
fancy that, but I don’t know if I’m allowed it’ then you’d be
able to look it up and see if you can have it or not. That would
be really practical and handy” (participant 14, preoperative
phase). Interviewees recognized that engagement with
technologies would likely be higher in the initial postoperative
period “once you’ve had it [surgery], you’re in it, and probably
will need the information there and then...” (participant 10,

preoperative phase), but that each participant’s engagement
needs will change, further along their postsurgical surgery they
are. Participants also considered the role that technologies could
play in terms of long-term ongoing support, where the ability
to engage with an intervention, when needed, was deemed
important:

It might be something where it [intervention usage]
tails off a bit, once you start getting the hang of
things, what to eat, how much you can tolerate and
stuff. But also, if anything happened and I wanted to
ask questions, then I picture being able to use it as
and when. [Participant 14, preoperative phase]

Two participants (one in the preoperative phase and another in
the postoperative phase) acknowledged that technologies could
play a role in complementing current practices to improve
patient support between annual follow-up appointments. A
postoperative participant explained that “once you got a few
months in it was more ‘well, I’ll see you in 12 months unless
you have problems’ and that's not supportive enough”
(participant 11, postoperative phase). They believed there to be
benefit from continued technology-enabled engagement
throughout this time, specifically linking with a health care
professional for advice: “if I’d had more contact with the
dietician, digitally, I could maybe have stayed on track better”
(participant 11, postoperative phase). Recurring messages of
prescriptive and descriptive approaches, in which postoperative
participants appear to cede complete control over their journey
and outcomes, perhaps demonstrates a lack of belief that they
can make and sustain positive behavior changes on their own.
A preoperative participant perceived the value of ongoing
support from technologies in a more self-determined manner:
“I want to make sure I get it [dietary intake] right. I want to
avoid any complications and give myself the best chance of
success” (participant 5, preoperative phase). They went on to
describe their ideal technology-enabled support system,
combining technology alongside face-to-face appointments,
stating: “I think using tech and still having the [face-to-face]
appointments will give me as much support as I need”
(participant 5, preoperative phase).

Of all the participants interviewed, only one recommended
implementing an intervention that spanned both the pre- and
postoperative periods. This patient was in the 2-year postsurgery
phase and their views combined those of the pre- and
postoperative patients discussed in the previous sections. They
described how supportive boosts from the technology, continued
on a long-term basis, could help to promote positive behaviors:

From the minute you decide to go through with it
[surgery], you probably would benefit from having
something there just for peace of mind...definitely
[implementing] from the start, but also so they can
keep using it after [surgery] too for those little boosts
and support. [Participant 15, postoperative phase]
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Discussion

Principal Findings
This patient-informed study identified the desires, suggestions,
and reflections of bariatric patients in the context of using digital
health technologies as support tools during surgery. By
collecting both pre- and postoperative patient perspectives, we
highlighted how digital support strategies could be delivered,
what content is perceived as useful, and when technologies
could be implemented within the current NHS bariatric surgery
pathway. Our findings discussed 4 key themes related to
technology functionality and capability that enable better tailored
and targeted digital health technologies for bariatric surgical
patients.

Limitations
Our results have important implications for the design, delivery,
usability, and implementation of digital technologies for patients
undergoing bariatric surgery. Uniquely, our findings collate
participant desires, suggestions, and reflections concerning
digital technology use across the entire bariatric perioperative
pathway. This study is one of the first to incorporate pre- and
postoperative participants, building evidence on the optimization
of technology-based support to span the perioperative journey
when undergoing bariatric surgery. We acknowledge that there
were some limitations to this study. First, the research
predominantly focused on a small sample of patients in the
North of England. Second, as is common with bariatric surgery,
this sample included more female participants than male
participants. In addition, we did not assess or sample participants
according to their socioeconomic status; it is possible that
participants of different socioeconomic classes may have varied
experiences with technologies, and our results should, therefore,
be interpreted with this in mind. Participants included in this
study were purposively sampled from attendees at bariatric
surgical clinics (including preoperative assessments and
postoperative follow-up appointments); thus, the results do not
include patients who were under hospital care but were
noncompliant with appointment attendance. Further research
that specifically focuses on the experiences and perceptions of
participants from ethnic minority communities undergoing
bariatric surgery is needed, given that 75% (15/20) of this
sample self-reported British or White British ethnicity. Finally,
our study also focused solely on the desires, suggestions, and
reflections of bariatric surgical patients; thus, the results may
not be generalizable to other elective surgical procedures. Future
studies may wish to deepen the insights gained from this study
to more closely consider patient journey and changing mindsets
from pre- to postsurgery phases, which may affect the rates of
patient engagement with technologies.

Comparison With Previous Work
Study participants described a range of potential technological
suggestions to meet their pre- and postoperative needs. Patients
discussed how digital health technologies could be implemented
to enable access to specialist information specific to bariatric
surgery, located in an easily accessible place. They demonstrated
preferences for digital interventions that incorporated content
specific to bariatric surgery rather than being focused on

generalized nonsurgical weight loss. Comparable with findings
in wider digital health literature, the patients in this study also
highlighted the benefits of functionalities that offer support on
an individualized basis, such as enabling the provision of
individualized feedback and personalized reviews on
postoperative progress [57]. Personalization of feedback has
previously been associated with positive health behavior changes
and increased patient engagement with care [58-60]. A
participant suggested connecting technologies to health system
identifiers, such as an individual’s NHS number, to support the
delivery of personalized care.

In line with this study, perspectives of becoming digitally
engaged patients were discussed by many participants [61]. For
this cohort, the focus of their engagement centered on the
monitoring of postoperative progress, primarily the ability to
track surgically induced weight loss. Previously, web-based
health technologies with monitoring capabilities have been
credited as transformers of health care by supporting engaged
self-care and promoting positive health behaviors [62]. In
addition to individualized feedback, the potential for
individualized goal setting may further support the generation
of digitally engaged patients with bariatric conditions. Working
toward achievable targets has been deemed an effective strategy
to successfully motivate behavior change [63]. Wider literature
echoes that individualized goal setting has demonstrated
improvements in sedentary behavior [64,65], personalized
feedback and messages of encouragement have provided patients
with cancer, a sense of accomplishment [66], and visual tracking
of physical activity (eg, daily step counts) has been reported as
motivational [65,67]. Perhaps the same approach could be used
for patients undergoing bariatric surgery, with a focus on
achievable targets of weight loss, combined with dietary intake
and physical activity. Uniquely, a participant reflected on
gamification when designing technologies (in game format) to
support staged surgical recovery. A study focusing on increased
physical activity to aid recovery following cancer surgery
expressed similar findings; these authors also identified that
personalized difficulty settings in the game boosted patient
satisfaction and engagement with the intervention [68].

Numerous participants referred to the surgical journey as a
process, suggesting that it may benefit from technology-enabled
checklists to create a package of care between patients and
clinicians—a novel finding from this study. Patients envisaged
this to be of particular use in the early postoperative period,
enabling better control over their recovery and diet and a better
understanding of their follow-up care. References were made
to design helpful prompts for patients. This echoed previous
findings where the tone and delivery of these prompts or
messages were deemed crucial in motivating sustained positive
health behaviors in patients with cancer [67,69,70].

There appears to be value in implementing technologies both
preoperatively and postoperatively. Echoing participant
reflections in this study, preoperative interventions have
previously been linked with promoting positive behavior change
culture [27,28,71]. This is closely linked with theories of
surgical teachable moments, arguing that patients are highly
susceptible and motivated to change following the initial
decision to undergo surgery [72,73]. Highlighting the
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perspectives of the participants in this study, digital health
technologies may present a promising opportunity to prepare
patients before surgery and provide continued support between
routine postoperative follow-up appointments.

The timing of engagement with technologies appeared to be
individualized. The results from this study suggest that, in
addition to using technology on a regular basis for personalized
prompts and messages, some participants highlighted a desire
to engage with the technology on an ongoing basis. The benefit
of being able to engage when required seems logical,
particularly for a patient cohort with changeable postoperative
needs over time. The participants in this study also considered
that intervention use and engagement rates would likely be
higher soon after surgery but reduce over time once they better
adjusted to their life after surgery. The dichotomy concerning
intervention timings revealed in this study draws attention to
the importance of finding optimal engagement balance with
any digital health technologies implemented for patients.
Currently, there is insufficient evidence to state the optimal
initiation point and ongoing engagement points of digital
technologies within the bariatric surgical pathway, an area that
future studies may explore further.

Participants raised contrasting views that suggested a fine
balance existed between them accepting and abdicating
responsibility over their recovery and subsequent surgical
success. Prescriptive and descriptive approaches to technology
content were desired by some who wanted the technology to
provide them with regulated and specific advice, such as directed
postoperative meal plans. However, previous studies have noted
this approach to have questionable success when it comes to
motivating and sustaining behavior change [74]; instead, the
authors have cited the importance of empowered patient–health
provider strategies [75,76]. Self-determination Theory (SDT)
provides a theoretical framework to understand participant
motivations and behaviors [77]. When SDT was applied to other
health behavior contexts (such as programs for smoking
cessation [78] and weight loss [79]), findings suggested that the
more autonomously motivated participants were, the more
successfully they implemented behavior change. The
information-motivation-behavioral skills model of health
behavior has been widely used in medical research [80-82] to
understand and improve patient health behaviors and increase
the efficacy and effectiveness of behavioral interventions. This
model states that educational information (which could be
prescriptive in nature, as desired by this cohort) is a prerequisite
to successfully enact a change in health behaviors [83]. Both
the SDT and information-motivation-behavioral skill models
propose that patients who are well educated and informed, with
higher levels of independent motivation and acceptance of
responsibility, are more likely to enact and maintain
health-related behaviors. In the context of this study, the desire

for prescriptive and descriptive approaches to technology content
is not necessarily at odds with the need for interventions that
boost patient motivation; both approaches may be regarded as
requirements for supporting successful patient weight loss, both
in the short term and long term.

Technology-enabled monitoring has also been recognized to
boost autonomous motivational levels [77]; however, long-term
monitoring by health care professionals as desired by the patients
may be considered unsustainable. Monitoring opportunities and
timescales should be considered when it comes to digital
technology design and functionality to support and motivate
patients during their surgical journey. Given its value as a source
of potential accountability and motivation for self-monitoring
and social support benefits, digitally-enabled peer networking
within the bariatric surgical journey should be considered as an
area for future research, in particular, how and when digital
health technologies could support with, and facilitate, this [25].
Future research should focus on the motivational role of digital
technologies when providing support to patients facing
challenges within the bariatric surgical pathway, such as
regaining weight.

Similar to previous digital health research, themes of usability
were discussed by participants, particularly regarding their
existing familiarity versus unfamiliarity with technologies [84].
Reflections from the perspective of older relatives highlighted
that digital literacy and generational bias may still be a challenge
to overcome when considering the implementation of health
technologies [67,85,86]. Although technologies are now
implemented more readily within health care, some patients
may still prefer face-to-face encounters with clinicians rather
than web-based ones [61]. We should be mindful of
acknowledging this and, as suggested by the participants, work
to complement technological integration with educational
support materials.

Conclusions
Perceptions of patients undergoing bariatric surgery validate
the integration of digital health technologies within the surgical
care pathway, offering enhanced connectedness and support.
The findings from this study have the potential to influence the
design and targeting of future digital technologies to best support
bariatric surgical patients. To achieve surgical success, digital
strategies should consider the incorporation of specialist
information tailored to the bariatric surgery cohort and the
implementation of self-monitoring and goal-setting
functionalities at various time points within the bariatric surgical
pathway. Further, to address the specific unmet support needs
of this patient cohort, digital health technologies should enable
the provision of a package of care to offer long-term lifestyle
support.
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Abstract

Background: Mobile health (mHealth) systems that support self-management can improve medical, functional, and psychosocial
outcomes for individuals with disabilities and chronic conditions. The mHealth systems can potentially be expanded to support
community integration.

Objective: The purposes of this study were to (1) partner with a community-based organization that supports community
integration of individuals with disabilities; (2) identify software requirements needed to support community participation; and
(3) iteratively refine an existing mHealth application to include new requirements.

Methods: Community Living and Support Services (CLASS), a nonprofit organization that serves individuals with disabilities
in Pittsburgh, Pennsylvania, was identified as the focus group for this study. Key stakeholders within the Community Partners
Program at CLASS proposed design requirements for an existing mHealth application, Interactive Mobile Health and Rehabilitation
(iMHere) 2.0, that has been used to support self-management.

Results: We gathered qualitative data from a focus group composed of CLASS members to develop and iteratively revise
iMHere 2.0 to include new modules and features to support community integration. A caregiver app was also developed. The
new system contains features to support finance, transportation, client and caregiver communication, calendar and checklist
management, upcoming medical and nonmedical appointments, social engagement, pain management, and access to a personal
profile. Modifications were made to the following existing modules: education, mood, personal health record, goals, medications,
and nutrition.

Conclusions: A successful partnership with a community-based organization that supports individuals with disabilities resulted
in a newly designed mHealth system with features to support community integration.

(JMIR Hum Factors 2022;9(1):e31376)   doi:10.2196/31376
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Introduction

Living in the community affords many benefits for individuals
with disabilities and chronic conditions. Studies have shown
that higher integration into the community is associated with
better health outcomes, longevity, higher quality of life, and
lower cost of care [1-3]. However, many barriers to community
living exist, many of which are due to fragmented outpatient,
inpatient, long-term, and community-based services operating
under different funding streams and regulations. This system
isolates individuals, leaves many medical and social needs
unmet, and ultimately drives costs to enormous and
unsustainable levels [4]. It has been proposed that
software-based tools—specifically mobile health (mHealth)
systems—may be able to improve the process [5].

Background
Interactive Mobile Health and Rehabilitation (iMHere) is an
mHealth system designed to help individuals, including those
with disabilities, manage chronic and complex medical
conditions so that they can live independently and integrate
more fully into the community. The original version of iMHere
(iMHere 1.0) focused primarily on self-management tasks aimed
to prevent medical complications and promote health. Five
modules were developed to allow the user to manage skin care,
medications, bladder self-catheterization, bowel programs, and
mental health [6]. Through these modules, users could indicate
completion of self-management tasks, send adherence data to
a portal monitored by a clinician, and receive personalized
regimens from a clinician. By providing a secure connection
between a client’s smartphone and a web-based clinician portal,
iMHere supported Health Insurance Portability and
Accountability Act–compliant messaging between a client and
team of clinicians [7]. The portal categorized and organized
client responses in a dashboard that triaged and flagged data
based on urgency.

Prior Work
Preliminary research with iMHere 1.0 includes a series of focus
groups, usability studies, accessibility studies, and clinical trials.
Focus groups and usability studies have driven an iterative,
user-centered design process and demonstrated that individuals
desire an app that is easy to use and engaging, that can provide
educational materials, motivation, and support, and that can be
personalized [8-13]. Accessibility studies resulted in
improvements to accessibility for persons with motor, sensory,
and cognitive impairments [14-16]. A clinical trial demonstrated
that individuals with spina bifida who were frequent users of
iMHere showed positive changes in self-management as well
as reduced need for caregiver support [17]. iMHere also
demonstrated potential for monitoring and preventing skin
wounds in individuals with spina bifida [18]. A recent study
found that the iMHere mHealth system aided in the prevention
of urinary tract infections and reduction in depression symptoms
in individuals with spinal cord injury [19].

Based on this prior research, iMHere 2.0 was developed [11].
The new features include dual iOS and Android platforms, new
accessibility and personalization features, a reward center, and
7 additional modules (education, personal health record [PHR],

goal setting, wheelchair maintenance, exercise, nutrition, and
supplies). Further, a caregiver app allows family members, legal
guardians, and attendant care providers to monitor the client’s
activity and provide encouragement.

Study Goal
The primary aim of this project was to expand iMHere 2.0’s
functionality to support a community-based organization that
assists individuals with disabilities and encourages independent
living. To live independently in the community, individuals
with disabilities and chronic conditions often need services and
supports provided by community-based organizations. We
partnered with a community-based organization that fosters
community inclusion for individuals with disabilities. Located
in the East End of Pittsburgh, Pennsylvania, Community Living
and Support Services (CLASS) is a nonprofit organization that
offers a variety of individualized services such as
community-based case management for social, recreational,
and residential supports for individuals with disabilities. This
manuscript describes the iterative development process of the
features created for iMHere to support services offered by
CLASS through the examination of qualitative data obtained
from a focus group.

Methods

The study was approved by the University of Pittsburgh
Institutional Review Board (STUDY20020049), and all
participants underwent an informed consent process. Key
stakeholders who oversee the Community Partners Program
(CPP) at CLASS, an initiative that assists individuals with
disabilities in both their homes and communities, served as this
study’s focus group.

Individuals with disabilities enrolled in the CPP choose specific
goals and develop strategies to meet their needs. This program
provides one-on-one support. Each client is assigned a case
manager who supports short- or long-term goals based on the
individual’s defined needs. The CPP emphasizes community
integration and strives to reduce the amount of both medical
and nonmedical services required by clients. Further, the CPP
can partner with individuals to foster connections with
community resources, assist with decision-making and
problem-solving, impart compensatory strategies, help in the
search for employment and volunteer opportunities, and provide
life skills training.

With the aims of the CPP in mind, we met with the CPP
stakeholders on January 26, 2016, and July 6, 2017, to discuss
how iMHere 2.0 could best support a community-based
organization and to subsequently develop design criteria. At
these initial focus group meetings, stakeholders were given a
demonstration of how iMHere 2.0 functions. Stakeholders then
presented the documents and forms used by case managers and
other employees to manage a client’s case. Information from
these documents was organized into themes and used to develop
a mock-up for a new design of iMHere. This mock-up was
presented to the stakeholders on March 26, 2018. Feedback was
gathered and subsequent changes to iMHere 2.0 were made and
presented again on April 5, 2019.
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Results

Overview
A focus group of 15 stakeholders participated in meetings. The
demographics of the stakeholders are presented in Table 1 to
illustrate the diversity of the participants and the roles that they
would play in using the iMHere 2.0 system. The participants
represented a variety of roles at CLASS and had different levels
of interaction with clients. The focus group was mainly
composed of participants who had a professional relationship
with the client. Table 2 outlines the demographics of the clients
who received services from the focus group participants. Some
stakeholders were assigned to more than one client and,
therefore, played more than one role.

Stakeholders identified 5 roles for iMHere 2.0 users based on
existing CPP workflow. The “client” is defined as the person
receiving services through CLASS. These users would have
access to the client app. They can receive services from one or
more of the care roles. “Case managers” include program
directors and those who oversee the 3 other care roles. Case
managers would be web portal users with the highest level of
access to the system. “Service workers” include community
partners who work with the client to develop and meet goals

regarding self-care. Service workers oversee attendants and
directly track client activity. These users would have access to
both the web portal and the caregiver app. “Caregivers” are
those who provide assistance to the client in an unpaid role and
would have access to the caregiver app. This category can
include family members or friends who provide direct care to
clients and need to directly track client activities or ensure that
clients complete daily tasks. The “attendant” role is defined as
a paid, direct care worker who needs to keep a record of the
assigned client’s completed tasks. Attendants would have access
only to the caregiver app, with an attendant-specific module.
Attendants can serve more than one client and are expected to
use the app primarily for recording task completion, which can
be approved by the client. Figure 1 shows how users within
each role would utilize the 3 frontend components of iMHere
2.0: Web Portal, Client App, and Caregiver App.

Stakeholders requested many new features for iMHere 2.0
(Multimedia Appendix 1). The qualitative data collected from
the focus group were bundled into common themes. Features
with higher priority (necessary) were developed for the current
system, while those with lower priority (desired) were set as
future design criteria. Some new features were implemented as
additions to existing modules or the portal, while others were
built as new modules or portal features.
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Table 1. Demographics of focus group participants (N=15).

nCharacteristic

Age (years)

525-34

135-44

745-54

155-64

165-74

Gender

14Female

1Male

Race

14White/Caucasian

1Black/African American

Ethnicity

13Hispanic/Latinx

2Non-Hispanic/not Latinx

Household income

125,000 or less

626,000-50,000

351,000-75,000

176,000-100,000

1101,000-125,000

1More than 125,000

2Declined to answer

Community of residence

13Suburban

1Urban

1Rural

Education level

2High school diploma

1Trade school diploma

5Associates degree

6Bachelor’s degree

1Master’s degree

Marital status

10Married/long-term relationship

Expected role in the iMHerea system (some participants had more than one role)

3Portal user-administrator (technical support or training)

7Portal user-service worker

1Portal user-speech language pathologist

5Portal user-case manager

4CG app user-direct care provider/attendant care worker
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aiMHere: Interactive Mobile Health and Rehabilitation.

Table 2. Demographics of clients served by stakeholders.

nCharacteristic

Clients served

6Male clients

6Female clients

3Both male and female clients

Client age (years)

218-24

225-34

235-44

445-54

855-64

065-74

1≥75

Client diagnosis

8Cerebral palsy

5Traumatic brain injury

2Spina bifida

1Spinal cord injury

1Autism spectrum disorder/intellectual disability

1Diabetes and heart disease

Client secondary diagnosis

3Medical

2Mental health

1Learning disability

3Multiple

6None
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Figure 1. Overview of the iMHere 2.0 system.

Caregiver App
The new caregiver app is designed to support a variety of
common relationships between the caregiver and client (Figure
2). In previous iterations of the app, the functionality targeted
only the unpaid (family) caregiver model. As shown in Figure
2A, the updated design of this app is now customizable to allow

for meaningful use by both unpaid caregivers and paid
caregivers. The new caregiver app includes tools that simplify
the unpaid caregiver’s monitoring activities while also allowing
access to client reports through each module (Figure 2B). For
the paid caregiver, or attendant, the app retains monitoring and
feedback functionality, permitting attendants to virtually track
their clients’ activity as needed (Figure 2C-E).

Figure 2. The caregiver app that allows attendants and other caregivers to monitor and provide feedback to their client/family member and access
summary and timeline views.
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Monitoring or Tracking
CLASS suggested several monitoring or tracking changes to
the app, which resulted in the creation of the Attendant Log
module. Through free-text spaces and progress note areas in
the Attendant Log module, attendants and caregivers track the
progress of care provided to the client. Within the Attendant
Log module, CLASS can electronically verify visits and track
attendant activities such as “clocking-in” and “clocking-out”
of sessions and completion of daily tasks.

The Daily Living module, another addition created because of
the focus group’s suggestions, provides both a weekly schedule
and checklist for clients. Figure 3A shows the landing screen
of the module, from which clients can view and edit their
errands, training sessions, appointments, and other events for
each day of the week. Clients can create goals for the day, enter
notes, and view reports of their activity. As shown in Figure
3B, Goal reports list the client’s accomplishments and any

encountered problems. Figure 3C shows that on completion of
a task (eg, buying milk), the client is prompted to enter “who
completed the task,” with options of selecting “myself” or
“other.” “Other” typically refers to the client’s attendant because
clients can specify difficult tasks for the caregiver to complete.
These tasks appear on a checklist in the caregiver app. The
attendant can record the day’s activities in the caregiver app,
while the client can confirm and add notes. Caregivers can track
tasks, and attendants can complete tasks within a module created
in the caregiver app. Attendants can “clock in” and complete
tasks as shown in Figure 3D-E. When attendants “clock out,”
the client can confirm that tasks were indeed completed. This
feature was developed because the focus group identified the
need for improved attendant accountability and communication
with clients. The goal of the client confirmation feature is to
provide a second layer of authentication to information provided
by the attendant about completion of tasks and time of arrival
and departure.

Figure 3. The Daily Living module that allows clients to see their upcoming events for the week. Daily goal reports display the client’s accomplishments
and any encountered problems. Attendants can clock in and clock out, access task lists, and document completion of assigned tasks.

Within the newly created Work and Social module, clients can
enter volunteer, work, and social activities along with start and
end dates, roles or titles, company names, addresses, contact

information, and notes. Clients mark their activities as “in
progress” or “completed” (Figure 4).
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Figure 4. The Work and Social module that allows clients to enter details about work, social, and volunteer activities.

CLASS recommended several monitoring and tracking changes
to pre-existing modules. A medication adherence tracker was
added to the My Meds module. The tracker allows caregivers
and attendants to track client medication adherence. Now,

through a centralized calendar (Figure 5), clients have access
to reminders and medical and nonmedical appointments. Under
the pre-existing Exercise module, clients can now enter their
workouts and track their exercise progress and activity.

Figure 5. The calendar and schedule features that allow clients to track activities, appointments, and events.

Through a future Incident Tracking module, clients will be able
to report falls and related injuries. A Pain Tracker will also be
included so that clients can document pain characteristics. It
will also be possible to track attendant training from the portal.
An electronic record documenting that the caregiver reviewed
training information and complied with funding sources will

automatically be created and stored in both the clinician portal
and a private cloud. The system will also track what modules
the attendant completed. Finally, clients will be able to track
expenses and learn how to budget in a future finance module.
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Education
CLASS requested the inclusion of a new Training module. The
newly designed training module contains work-related and

non–work-related training. Both active and past training are
recorded. Within the module, clients can enter the job training
location, addresses, and contact information (Figure 6). Clients
can note their work progress and develop follow-up plans.

Figure 6. The Training module that allows clients to enter work-related and non–work-related training information.

CLASS also suggested updating the pre-existing Nutrition
module (Figure 7) to provide more detailed diet information,
including specific recommendations, such as recipes, to support
healthy eating. In response to their comments, the future
nutrition module will include recipe recommendations, a list of
health foods, and information on various diets (eg,
low-cholesterol diets, diets for patients with diabetes, gluten-free
diets). Further, CLASS requested that certain education modules
be available for caregivers and attendants. Through these
modules, caregivers and attendants will be able to learn more
about their clients’ conditions, train on the client’s care plan,
and track client results of the quiz for content retention. These
changes will be implemented in future versions.

The CLASS focus group also requested that a module be
designed to provide wheelchair users with more information on

wheelchair features, maintenance, and training. Within the
wheelchair module, the guidebook was developed for clients
to access educational information about power and manual
wheelchairs. Under the manual wheelchair section, users can
view a list of manual wheelchair components with corresponding
images; for example, users can learn about frame types, cushion
options, positioning accessories, and handrim designs. Users
can also access information on how to ergonomically optimize
their wheelchair through the set up and positioning of different
components. The manual wheelchair skills section allows users
to view videos of various wheelchair skills ranging from simple
maneuvers to more advanced skills. Currently, the power
wheelchair section allows users to view various component
options for power wheelchairs through images and Graphics
Interchange Format that illustrate the functionality of each
component.
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Figure 7. The Nutrition module provides nutritional advice and education.

Support
A module that allows clients to input feedback, such as the late
arrival of an attendant, was also suggested. The Notes and
Reports section within the new Daily Living module allows
feedback input; after attendants complete their session, clients
can accept or reject their report of completed tasks and note any
issues (Figure 8).

CLASS requested changes to the pre-existing Goal Setting
module for meaningful reporting of goal progress to funding

organizations. The revised Goal Setting module provides users
with a centralized area for goal creation. Here, clients are
encouraged to include nutrition goals, such as healthy eating
and physician-approved diets, as well as goals to increase their
independence and community participation. Through the
caregiver app, caregivers and service workers can ensure that
clients are achieving their specified goals and view tracking
data that quantifies goal progress. With respect to a future design
criterion, clients will also be able to upload exercise photos to
receive feedback and suggestions related to exercise.
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Figure 8. Clients can verify that an attendant provided care and completed tasks.

Privacy and Security
CLASS requested termination settings, such as the ability to
remove the app from the client’s phone via the portal, which
are now included under the Configuration module. Local
information stored on the app can now be removed remotely
via the portal. Additionally, caregivers can now access
information about multiple clients through the Client Switcher
module. This is useful for attendants who are usually assigned
to multiple clients.

In the future, clients will be able to change their privacy settings
to control what personal information is shared with the
caregiver. Of note, the client app does not need to be paired
with a caregiver app if the client does not have an assigned
attendant. With respect to client app parameters, certain features
will be locked. For example, it is possible to lock content such

that a client is unable to delete medication or exercise reminders
if that feature is required for a particular program.

Reminders
Through the newly created Transportation module, clients now
receive reminders to arrange for transportation after scheduling
an appointment. Within the Transportation module, clients can
enter a preferred time for a pick-up reminder call, date of the
reminder call, operator name, operator phone number, type of
trip (round trip or one way), pick-up time, pick-up date, pick-up
address, and drop-off address. Clients receive a warning message
if their specified pick-up time conflicts with another calendar
activity (Figure 9). If transportation is added by a caregiver,
clients must confirm the newly scheduled event. Clients can
also cancel their transportation but must enter a reason for
cancellation.
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Figure 9. The Transportation module that allows clients to enter information pertaining to upcoming transportation.

In the future, through a Global Reminder feature, clients will
be periodically reminded of important agenda items, including
ad-hoc prompts to report possible needs (eg, “Do you need to
go to the grocery store this week?”). The Exercise module will
push notifications that encourage exercise to the client. Finally,
future design criteria will include “charge device” audio
reminders as clients often forget to charge their devices.

CLASS noted that clients would benefit from a Supplies module
that will allow users to track their medical supplies and set
reminders for maintaining their stock. This module allows clients
to enter information about their medical supplies such as type,
purpose, vendor, quantity, and order date. In the Supplies
module, clients can set reminders to order more supplies as
needed. The app includes auto-fill supply options in addition
to free-text functions. Future design criteria will allow for more
automation, such as monthly reminders that alert users of the
need to reorder a 30-day stock of supplies.

Accessibility
CLASS requested text-to-speech and voice-command features.
These requests were not implemented because Apple and
Android devices contain built-in accessibility features. These
features include “spoken speech/content” that allows users with
limited vision to hear text, “voice commands” that allows users

with impaired mobility to control their devices with verbal
commands, and “switch access” that allows individuals with
impaired mobility to control their device using a keyboard or a
mouse. Further, iMHere 2.0 already contains accessibility
features that allow clients to adjust text size, line height, button
size, font style, button spacing, and hand preference. Mood
scales consisting of emoticons instead of numbers will be
implemented in a future build.

Notes
The Appointment module is a newly created submodule within
the PHR module. The Appointment module includes a calendar
that displays upcoming medical and nonmedical appointments
(Figure 10). By selecting the appointment, the client can view
details such as date, time, and provider information (name,
address, and phone). Additional fields for a summary of the
appointment and notes are also included. The client can enter
the appointment details by selecting “New Appointment.”
Before submitting the form, the client must indicate whether
they need to schedule transportation. If clients do not have
enough information to complete the form in its entirety, they
will receive reminders until the form is completed and
submitted. Within the notes section, clients can create a checklist
of medical condition–related questions to ask the physician
during doctor appointments.
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Figure 10. The calendar displays upcoming medical and nonmedical appointments.

CLASS also recommended changes to the pre-existing
medication module. To ensure that clients are taking the correct
medications, CLASS asked that clients be able to upload pictures
of pills and medication containers to the medication module
(Figure 11), which was a feature that was added. Both the client
and the caregiver also have access to a Medication Tracker that
records client medication adherence.

With respect to future direction, clients will ultimately have
access to a medical log feature within the pre-existing PHR

module. The medical log will include vital signs (blood pressure,
heart rate, body temperature, or respiratory rate), blood sugar
readings, and height, weight, and body mass index
measurements. To enter data, clients, caregivers, or clinicians
will be able to add the date of the reading, the time, and the
measurements (eg, systolic and diastolic pressures). Clients will
eventually be able to view a graphical representation of their
readings for a single day, week, month, or entire year.
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Figure 11. Pictures of pills and medication containers that allow clients to identify medications.

Safety
An emergency contact can be added from the phone’s lock
screen. In Case of Emergency (ICE) contacts are accessible in
the client profile. By selecting ICE, clients can retrieve contact
information for their provider, support staff, and insurance
company. The ICE module also lists restrictions such as
medications or procedures that should be avoided during a
medical emergency. Under “My Profile,” clients can also find
advance directives, additional emergency contacts, and a list of
providers and medications. QR code availability in future will
allow users to scan their medications to confirm that the correct
medication is administered.

Profile
CLASS suggested changes within the PHR module. The focus
group proposed that staff could better serve clients if identifying
client information was added to the PHR module. Within the
revised module, clients can create and view a customized user
profile. Clients can enter their gender, age, height, weight, race,
ethnicity, and blood type (Figure 12). Clients can also update
their profile to include information about likes, dislikes, and
other introductory information such as pets at home, smoking
status, and medical conditions, which can be then pushed to the
attendant. If a client smokes or has a pet at home, the attendant
will receive a digital alert.
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Figure 12. Clients can enter their contact information, demographics, emergency contacts, advanced directives, insurers, providers, and pharmacies.

Overall Development Themes
Stakeholders emphasized that the revised iMHere 2.0 should
remain client-driven to encourage self-sufficiency. They also
stated that the system should be useable by the client alone or
with a variety of different support roles from caregivers,
attendants, and care managers. The original iMHere system 2.0
was designed as an adaptive system that allows clients to receive
modules and content only as needed. The stakeholders felt it
should continue to provide personalization of modules such that
different clients could have different profiles and app
configurations depending on their unique needs.

Discussion

Principal Findings
This study demonstrates how stakeholders within a
community-based organization that provides services to
individuals with disabilities can influence and shape the design
of mHealth technology and how these designs can be improved
to better serve individuals with disabilities.

The literature on chronic care management shows that promoting
partnerships between recipients of services and the providers
of the services has positive outcomes, especially when such
partnerships facilitate self-management [20,21]. Important
self-management skills include problem solving,
decision-making, resource utilization, and goal-setting [21].
Thus, innovative systems to support individuals with chronic
conditions and disabilities should not only incorporate features
that empower users with tools for self-management but also
facilitate sustainable partnerships.

mHealth systems are a potential way to deliver such support
and empowerment. Some community-based organizations have
expressed the need for dashboards that show live data to
facilitate care decisions in real time [22] and allow users to

record data “on the go” as a way to improve quality metric
reporting [23]. An ideal software system could show the
interrelationships among an individual’s medical problems,
daily schedule, medical and social care plans, and goals [22].
Solutions are also needed to allow care providers to recognize
red flag symptoms and intervene quickly, manage medications,
and coordinate care while integrating the support of family and
other caregivers of individuals with chronic conditions and
disabilities [24].

To our knowledge, iMHere 2.0 is the only mHealth system
designed to meet these needs and designed iteratively in
partnership with the organization it serves. By gathering
qualitative data from a focus group, this study was able to
identify ways to re-design mHealth technology to address the
needs of an organization supporting individuals with disabilities
living in the community. This partnership resulted in a highly
fruitful development process that led to major advances in the
mHealth system. Additionally, our team generated design criteria
to be utilized in future iterations of the system.

Some limitations of our development process, however, deserve
discussion. First, iMHere 2.0 was not designed to meet the needs
of all community-based organizations or users. Concurrent work
is being carried out to further refine iMHere 2.0 to support other
organizations with different workflows, users, and organizational
structure. Second, although we attempted to incorporate all the
necessary changes suggested by CLASS, some suggestions
could be met with native features of phones or tablets. For
instance, low–battery-level reminders, text-to-speech or
read-out-loud features, and voice-command features exist.
Because these may not meet the needs of all users, future
accessibility advancements are needed for users with specific
accessibility needs.

Future Work
Ongoing work is being conducted to assess the usability and
feasibility of iMHere 2.0 and to study the impact of augmenting
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programs offered at CLASS with iMHere 2.0 to measure the
impact on client outcomes such as community integration. We
are also conducting implementation research with other
community-based organizations, including those that provide
attendant care services in the home, to identify facilitators and
barriers to wide-scale implementation of the technology. In
parallel, we will continue development that is inspired by design
criteria generated from each of our studies. We also aim to
integrate some features of iMHere into the electronic health

record system to reduce data entry requirements and facilitate
data sharing.

Conclusions
Individuals with disabilities can thrive in community settings
when they are given access to high-quality health care,
supportive caregivers, and community support. Using an
iterative design process in partnership with a community-based
organization, we built an mHealth system with new features to
support community integration of individuals with disabilities.
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Abstract

Background: Mobile health apps promoting health and well-being have substantial potential but low uptake and engagement.
Barriers common to addiction treatment app uptake and engagement include poor access to mobile technology, Wi-Fi, or mobile
data, plus low motivation among non–treatment-seeking users to cut down or quit. Working with people who used substances,
we had previously designed and published an app to support recovery from alcohol and other drug problems. The app, which is
available for free from the Apple App Store and Google Play, is called SURE Recovery.

Objective: The aim of this paper is to undertake a qualitative study to ascertain end users’ views and experiences of the SURE
Recovery app, including how it might be improved, and present the findings on uptake and engagement to assist other researchers
and app developers working on similar apps for people experiencing alcohol and other drug problems.

Methods: Semistructured telephone interviews were conducted with 20 people (n=12, 60%, men and n=8, 40%, women aged
25-63 years; all identifying as White British) who had varied patterns of using the app. The audio recordings were transcribed,
and the data were coded and analyzed through Iterative Categorization.

Results: Analyses identified three main factors relevant to uptake (discoverability of the app, personal relevance, and expectations
and motivations) and three main factors relevant to engagement (the appeal and relevance of specific features, perceived benefits,
and the need for improvements). The findings on uptake and engagement were largely consistent with our own earlier developmental
work and with other published literature. However, we additionally found that uptake was strongly affected by first impressions,
including trust and personal recommendations; that users were attracted to the app by their need for support and curiosity but had
relatively modest expectations; that engagement increased if the app made users feel positive; and that people were unlikely to
download, or engage with, the app if they could not relate to, or identify with, aspects of its content.

Conclusions: Incorporating end-user views into app design and having a network of supportive partners (ie, credible organizations
and individuals who will champion the app) seem to increase uptake and engagement among people experiencing alcohol and
other drug problems. Although better digital literacy and access to devices and mobile data are needed if addiction recovery apps
are to reach their full potential, we should not evaluate them based only on observable changes in substance use behaviors. How
using an app makes a person feel is more transient and difficult to quantify but also relevant to uptake and engagement.

(JMIR Hum Factors 2022;9(1):e33038)   doi:10.2196/33038
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Introduction

Background
The use of mobile health (mHealth) apps is increasingly
common among clinical and nonclinical populations, including
people who use substances. With the ownership of smartphones,
tablets, and wearable devices growing and access to wireless
networks expanding, the number of apps relating to substance
use has proliferated and downloads of the most popular apps
have risen [1,2]. Alongside their potential reach, mHealth apps
are convenient (they can be accessed anytime and anywhere),
are low cost, and can overcome some of the barriers to accessing
standard treatment (such as strict appointment times, lengthy
distances to travel, concerns regarding childcare, and stigma)
[2-5]. Apps can also facilitate personalized (tailored) support;
offer opportunities for real-time relapse prevention, treatment,
and aftercare [6-8]; and are accessible to people already in
treatment as well as those not currently accessing services [7].

Addiction-related apps commonly include blood alcohol content
calculators, service finders, other information and resources,
games to distract from cravings, strategies to increase
motivation, functions to enhance social support, and tools to
monitor progress [1,2,8]. Accordingly, they offer valuable
opportunities for diagnostics, measurement, treatment, and
recovery [1]. Evidence suggests that users particularly like
behavior tracking and remote access to advice and information
[8]. In addition, they appreciate the portability of apps, their
discretion (given the stigma around addiction), and the fact that
they tend to be free or low cost [2,8]. However, alcohol-related
apps are often designed for entertainment or to promote, rather
than reduce, alcohol use [7], and cannabis apps tend to be for
informational or recreational purposes [9]. Furthermore,
treatment-oriented apps predominantly focus on tobacco and
alcohol, rather than illicit drugs, and have mostly been developed
in the United States, potentially limiting their relevance
internationally [8-11].

Importantly, apps promoting health and well-being also tend to
suffer from low uptake and engagement [11]. Uptake is the act
of downloading and installing a smartphone app, whereas
engagement refers to both the extent (eg, amount, frequency,
duration, and depth) of use and the user’s personal experience
as characterized by, for example, their attention, interest, or
mood [11,12]. Barriers to addiction treatment app uptake and
engagement include poor access to mobile technology, Wi-Fi,
or mobile data [13,14] as well as low motivation among
non–treatment-seeking users to cut down or quit [9].
Compounding these limitations, evidence for the effectiveness
of smartphone apps in addressing alcohol and other drug
problems is weak [2,7,8,15]. This may be related to the poor
quality of much app content; for example, apps rarely include
empirically based behavior change techniques (other than
self-monitoring) [2,9,15,16] and app developers often lack
personal or clinical experience of addiction [8].

Before developing a new recovery app to help people reduce
or cease their alcohol and other drug use and improve their
quality of life, it seems sensible to ask whether there is a genuine
demand. This question is likely to be especially important if

people who use substances do not want to change their behavior,
have limited resources or complex needs, and experience high
levels of digital exclusion. Although a candid answer may be
that demand is likely to be weak, it still seems wrong to
perpetuate inequalities and lack of choice by failing to offer
digital options for those who might be interested or benefit. A
better alternative would be to work with the target population
to develop an app that might support at least some people in
addressing their substance use while also seeking to learn from
the process and results. It is on this basis that we developed the
SURE Recovery app [17].

People with personal experience of addiction had asked us to
convert our two validated pen and paper measures, the Substance
Use Recovery Evaluator (SURE; a 21-item measure of addiction
recovery) [18] and the Substance Use Sleep Scale (SUSS; a
23-item measure of sleep problems experienced by people using
substances) [19] into an app that they could complete on their
mobile phones and tablet computers. They explained that they
wanted to record and refer back to their SURE and SUSS scores,
and they also expressed a desire for personalized feedback.
Further discussions suggested that they would like to see the 2
measures supplemented with other features that might promote
recovery from alcohol and other drug problems. Both SURE
and SUSS had been developed collaboratively with people who
had experience of addiction, and we continued this joint working
by adopting a co-design approach when developing the SURE
Recovery app.

Co-design involves end users throughout the design process as
active partners [20], providing people whose lives might be
affected by a problem with a voice in its solution [21,22].
Evidence suggests that the inclusion of end users in the early
stages of the design process leads to better outcomes and more
benefits compared with ideas developed by designers alone
[23]. Our co-design approach was completed following the
Double Diamond design process, which is a framework widely
used in the design industry. This involves four distinct
phases—(1) discover, (2) define, (3) develop, and (4)
deliver—that are repeated in iterative cycles to ensure that
end-user feedback is incorporated throughout [24]. To this end,
we conducted interviews, focus groups, review meetings, and
testing sessions with nearly 50 people in recovery or actively
using substances. In addition, our team comprised people with
personal experience of alcohol and other drug problems,
clinicians (addiction psychologists and psychiatrists), and
academics (social scientists and statisticians).

During the discover phase of our work, interview and focus
group participants explained that they valued different types of
formal and informal support, enjoyed connecting with others
in similar situations, appreciated being busy and distracted, felt
that keeping a log of their recovery was helpful, and wanted
advice on the types of support available. When asked to
comment on the design and content of other apps, they expressed
preference for a clear layout, bright colors, simplicity, tracking
features, inspirational quotations, nonjudgmental and supportive
language, an opportunity to share artwork, and the ability to
connect with others. In contrast, they disliked apps that seemed
busy or crowded, had too much text, contained advertisements,
or looked technical. From this feedback, a long list of potential
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app features was created. This included information and advice;
a directory of services; opportunities to meet or share personal
stories, experiences, advice, and artwork; tracking (progress,
mood, or problems); a way to be reminded of the app;
encouragement and motivation; and sleep tracking. Following
discussions during the define phase, the team narrowed the
options down to 6 features that were viable within the project
budget and time frame, plus a set of optional research questions
covering basic demographics, substance use, and
treatment-related topics.

App Features
The six features included in the SURE Recovery app are as
follows:

1. A recovery tracker (this allows people to monitor their own
recovery through SURE and receive personalized feedback
and a score that can be viewed on a graph)

2. A sleep tracker (this works in a similar way to the recovery
tracker, enabling people to monitor their sleep through
SUSS and receive personalized feedback, a score, and a
graph)

3. Artwork (app users can submit their artwork for potential
display in the banner of the app home screen)

4. Diary (a private space where people can record their
thoughts and feelings)

5. Naloxone (an instructional video on how to use the
life-saving medication naloxone in the event of an opioid
overdose, plus informational resources and a knowledge
tracker to measure overdose management competency)

6. Resources (free access to a book,The Everyday Lives of
Recovering Heroin Users, which is based on the lived
experiences of people in recovery) [25]

After much reflection, we did not include a social feature, where
app users could chat and share experiences and advice, because
the team did not have adequate resources to monitor the chat
in a way that would ensure app user safety at all times.

The SURE Recovery app has been available to download for
free from the Apple App Store and Google Play since October
2019 (>2200 downloads by May 31, 2021). It was updated with
a temporary COVID-19 pop-up feature (comprising COVID-19
resources, information, and a new research question) in April
2020. In March 2021, the temporary COVID-19 feature was
replaced by a more permanent and dynamic hot topic of the
month feature (allowing information on a contemporary relevant
issue to be displayed, an associated research question to be
asked, and key findings from any responses received to be
posted back into the body of the app). Given the importance of
understanding what end users thought of SURE Recovery,
including their views on whether and how it might be improved
going forward, 2 members of the SURE App team (JN and
AMB) also conducted a qualitative study. The aim of this paper
is to present our findings on uptake and engagement to assist
others developing similar apps for people experiencing alcohol
and other drug problems.

Methods

Ethics Approval
Ethical approval for the qualitative study was received from the
research ethics committee of King’s College London
(HR-19/20-17338).

Overview
Data were generated through semistructured telephone
interviews conducted with 20 people who had downloaded the
SURE Recovery app. When signing up for the app, all users
are provided with a link to a web-based information sheet and
asked if they are willing to share their anonymized data for
quantitative research. If they agree, they are given the option
to consent within the app. App users are next asked if they would
be willing to be contacted by a researcher to participate in further
research relating to SURE Recovery. Those who agreed to both
share their data and be contacted for further research (N=620)
were entered into a pool of potential participants for the
qualitative study. For pragmatic reasons (the cost of international
telephone calls, time differences, increased likelihood of poor
telephone reception, and language differences), of the 620
respondents, we excluded 241 (38.9%) who were based outside
the United Kingdom, leaving 379 (61.1%) potential participants.
From these, we sampled purposively to include people who had
used the app once or twice only, occasionally, and frequently.
As a secondary strategy, and to be as inclusive of views as
possible, we also endeavored to sample people with a mix of
demographic, substance use, and treatment characteristics.

Author AMB first contacted potential participants through the
email address they had used when registering for the app. In
total, 107 app users were contacted in this way over the course
of 10 months (May 2020 to February 2021). The email sent
contained basic information regarding the qualitative study and
invited the recipient to respond with a telephone number if they
wanted to hear more. A maximum of 3 invitation emails were
sent to each person. People who responded positively (24/107,
22.4%) were then emailed the study information sheet and
consent form and asked to select a time when they could be
interviewed. An additional telephone call was offered to anyone
who wanted to know more about the study before deciding
whether to participate. At this point, of the 24 participants, 4
(17%) withdrew their interest, whereas 20 (83%) agreed to
continue. AMB conducted all interviews by telephone, securing
verbal consent before each interview started. Although the target
number of participants had been 30, recruitment ceased after
107 app users had been contacted and 20 interviews had been
completed. This was because both authors believed that data
saturation had been achieved: comments regarding the app from
new interviews were largely repeating comments from earlier
interviews and no new themes or topics seemed to be emerging
[26].

All interviews were audio recorded and followed a topic guide
that covered the participant’s background (general life
circumstances, health, education, employment, substance use,
and treatment history), initiation to SURE Recovery (how the
participant had first heard about SURE Recovery, their
expectations, motivations, goals, and reasons for downloading
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the app), use of SURE Recovery (frequency; duration; cessation;
when, where, and how the app was used; barriers to use; and
features most used), positive views of SURE Recovery (features
liked and any benefits of use), negative views of SURE
Recovery (features disliked and any negative consequences of
use), and potential improvements to SURE Recovery (suggested
improvements, strategies for overcoming barriers to use, and
ideas for new features). Interviews lasted 18-73 minutes, and
participants were paid £20 (US $27.20) as compensation for
their time.

Data Analyses
Data analyses followed the stages of Iterative Categorization
[27,28]. To begin with, the audio files were transcribed verbatim
by a professional transcription service and the transcriptions
were uploaded to the software data management program
MAXQDA (version 2018.2; VERBI Software GmbH) [29].
Next, both authors jointly devised a simple coding frame that
mirrored the interview topic guide. Subsequently, AMB indexed
all transcribed text to one or more of the codes and exported
the indexed data from the software program into Microsoft
Word documents (1 Word document per code). Each Word
document was then reviewed line by line (either by AMB or by
JN) to identify patterns and themes in the data. To this end, all
indexed text was summarized into bullet points, and the bullet
points were iteratively grouped into themes and categories that
were in turn summarized (1 summary per code). Next, JN
combined the summaries from each code into 1 main findings
document that provided an overarching descriptive account of
the participants’ views. JN then systematically reviewed the
main findings document for material relating to SURE Recovery
uptake and engagement before AMB checked and confirmed
the findings.

Results

Participant Characteristics
Table 1 presents basic data relating to all people who
downloaded the app between October 1, 2019, and May 31,

2021; consented to share their data; and consented to be
contacted for further research (N=620); and all people who
downloaded the app between October 1, 2019, and May 31,
2021; consented to share their data; consented to be contacted
for further research; and were based in the United Kingdom
(379/620, 61.1%); as well as all participants who contributed a
qualitative interview (20/379, 5.3%). These data are provided
to contextualize the qualitative study participants within the
wider body of app users. Table 1 suggests that those
participating in the qualitative interviews may have been more
likely to have ever had a problem with use of opioids or alcohol,
to have attended mutual aid meetings or peer support groups in
the last week, and to be in paid work than other app users. In
contrast, they were potentially less likely to have used
substances or to have been in formal treatment in the last week.
This might simply reflect the fact that individuals who are more
stable in recovery are more willing and able to participate in a
qualitative telephone interview than those who are still regularly
using substances and in formal treatment.

As seen in Table 1, of the 20 people who participated in a
qualitative interview, 12 (60%) were men and 8 (40%) were
women. They had a mean age of 43 (range 25-63) years, and
all were White British. The qualitative interviews provided
additional and more comprehensive demographic information
and drug use data about the study participants. When
interviewed, 8 (40%) said that they were in paid employment
(of these 8 participants, 5, 63%, said that they worked in the
drug treatment sector); 10 (50%) reported that their substance
of choice was alcohol and 10 (50%) said that their substance of
choice was another psychoactive drug; and 8 (40%) had ever
injected a drug. Although all 20 (100%) participants identified
as ever having had a problem with alcohol or other drugs, 13
(65%) said that they had not used any substances in the last
month and 6 (30%) said that they were neither currently
receiving formal treatment nor attending any mutual aid or peer
support groups.
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Table 1. SURE Recovery app user characteristics (October 1, 2019, to May 31, 2021).

Users participating in a
qualitative interview (n=20)

All users based in the United Kingdom who
consented to share their data and be contacted
for further research (n=379)

All users who consented to share
their data and be contacted for
further research (N=620)

Characteristics

Gender, n (%)

12 (60)192 (50.7)269 (43.4)Male

8 (40)182 (48)333 (53.7)Female

0 (0)1 (0.3)7 (1.1)Other

0 (0)4 (1)11 (1.8)Prefer not to say

Age (years)

43 (10.5)42 (10.7)41 (11)Value, mean (SD)

0 (0)32 (8.4)82 (13.2)Missing, n (%)

20 (100)N/AN/AbEthnicitya (White British), n (%)

6 (30)184 (48.5)308 (49.7)App users who completed optional
questions on first-ever use of the

appc, n (%)

Participated in paid employment during the last week, n (%)

5 (83.3)110 (59.8)176 (57.1)Yes

1 (16.7)74 (40.2)132 (42.9)No

Ever had a problem with use of heroin or other opiates, n (%)

3 (50)43 (23.4)89 (28.9)Yes

3 (50)141 (76.6)219 (71.1)No

Ever had a problem with use of alcohol, n (%)

5 (83.3)136 (73.9)203 (65.9)Yes

1 (16.7)48 (26.1)105 (34.1)No

Any substance use in the last week, n (%)

1 (16.7)129 (70.1)229 (74.4)Yes

5 (83.3)55 (29.9)79 (25.6)No

Contact with community drug and alcohol treatment services in the last week, n (%)

1 (16.7)65 (35.3)103 (33.4)Yes

5 (83.3)119 (64.7)205 (66.6)No

Attended mutual aid meetings or a peer support group in the last week, n (%)

3 (50)72 (39.1)114 (37)Yes

3 (50)112 (60.9)194 (63)No

In residential treatment during the last week, n (%)

0 (0)8 (4.3)15 (4.9)Yes

6 (100)176 (95.7)293 (95.1)No

aApple does not permit developers to require personal information that is not directly relevant to the app’s core functionality at registration. We decided
to not include an optional ethnicity question, given the number of sensitive optional questions regarding substance use already being asked and concerns
that many potential users may consider an ethnicity question irrelevant or be frustrated by a long scroll list that may make finding their own ethnicity
difficult. The lack of ethnicity data has resulted in a limitation in our analyses, which we discuss further in the Limitations section.
bN/A: not applicable.
cSURE Recovery users can return and complete optional questions at any time when using the app. For consistency, only data entered by users on their
first occasion of using the app are reported. This means that the number of responses to various questions in the table is less than the number of app
users (n=308, n=184, and n=6 rather than N=620, n=379, and n=20).
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Participants’ Use of SURE Recovery
Consistent with our recruitment strategy, use of the app by our
qualitative study participants varied greatly. Thus, we
interviewed people who had recently downloaded the app but
had not yet started to use it; had used it once or twice and then
stopped; had used it frequently initially but were now using it
less; were using it daily; and were using it occasionally. Further
details regarding the participants’ use of SURE Recovery are
shown in Table 2.

Turning to our main qualitative analyses, we identified 3 key
factors relevant to decisions to download and install the app,
that is, uptake. These were (1) discoverability of the app, (2)
personal relevance, and (3) expectations and motivations. In
addition, we found that 3 key factors affected use and
experiences, that is, engagement. These were (1) the appeal and
relevance of specific features, (2) perceived benefits, and (3)
the need for improvements. We next present our findings using
pseudonymized quotations to illustrate salient points.

Table 2. Participants’ use of SURE Recovery (N=20)a.

Values, n (%)Type of SURE Recovery use

Current use

11 (55)Yes

6 (30)No

3 (15)About to start or restart

Frequency of current use

2 (10)Daily

6 (30)Weekly

3 (15)Monthly

9 (45)Unknown

Data transfer source

9 (45)Wi-Fi

2 (10)Cellular

8 (40)Wi-Fi and cellular

1 (5)Unknown

Device used

6 (30)Android phone

6 (30)iPhone

1 (5)iPhone and Android tablet

7 (35)Unknown

aComparable data are not available for app users who did not participate in a qualitative interview.

Uptake

Discoverability of the App
Knowing how participants first heard about SURE Recovery
provides potentially important information on how
addiction-related apps are discovered and thus how they might
be introduced or even advertised to potential users. Most study
participants had first learned about SURE Recovery either
through a key worker, support worker, or professional who was
working with them or from browsing or searching for
addiction-related information and support on the web. A few
participants who were employed as recovery workers within
the addiction treatment sector said that they had come across
the app during the course of their work. In addition, 1 (5%) had
read about the app in a newsletter and 2 (10%) had been
introduced to it by a friend or peer in recovery:

So, one of the girls that is in NA [Narcotics
Anonymous] with me, she was telling me about it [the
app]. Because I was saying I was struggling with my
sleep...And she said to go on this app and it’ll like
help you with your sleep. [Daisy, female, aged 39
years, weekly app user]

Participants who had been introduced to SURE Recovery by a
key worker, support worker, or professional explained that the
worker had directed them to the app using a hyperlink sent in
an email, by signposting them to a website, or by sending
information in hard copy through the post. All participants had
then successfully downloaded the app themselves. Participants
who had found SURE Recovery by browsing or searching on
the web mostly said that they had been trawling the webpages
of a recovery organization to look for support for themselves
or for others, although 1 (5%) had noticed it on social media
(Instagram), and another had found it through the Apple App
Store. Of the 4 participants who had learned of the app through
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their employment, 2 (50%) said that they had been proactively
researching apps and 2 (50%) explained that details had been
cascaded down to them from managers:

Part of the team I lead on is around sort of providing
psychosocial interventions and group work, and...it
[SURE Recovery] came up as one of the potential
tools that we use with our client group. [Frank, male,
aged 43 years, tried app a few times]

Several participants clarified that a key factor prompting them
to seek out a recovery app was the COVID-19 pandemic because
this had created problems physically attending services. Some
participants said that they had considered and downloaded
several apps before settling on SURE Recovery, and a key
reason for choosing SURE Recovery was that they thought that
they might have heard of either the SURE measure or the SURE
Recovery app already.

Personal Relevance
Although SURE Recovery had been developed for anyone in
recovery or thinking about recovery from alcohol and other
drug problems, our participants identified subgroups of people
for whom they thought the app would be more or less
appropriate. Most frequently, they suggested that the app would
be more suitable for people who were in early recovery rather
than for those who had been abstinent or stable for some time.
The main reason they gave for this was that people who were
in long-term recovery would be more likely to score consistently
well on the SURE measure, meaning that they had little scope
for improvement and therefore little incentive to return to the
app to complete the measure again. In contrast, they said that
someone at the start of their recovery journey would be able to
complete SURE over time and see rewarding changes as their
SURE scores increased on the graph:

If I was speaking to somebody that I realised was in
the contemplation phase, about to begin recovery, I
would say, “Look, here’s this SURE app. Jump on
this, put your score in. I guarantee in a month’s time
you will see that it’s having tangible benefits.”
Because it’s a great way to actually show yourself
and remind yourself that you’re in recovery for a
reason. [Ben, male, aged 46 years, monthly app user]

In addition, many participants thought that SURE Recovery
would be more useful for people who had a problem with drugs,
particularly heroin, rather than alcohol. This, they explained,
was because the balance of the app content seemed to be on
opioids, with 33% (2/6) of the features (the naloxone feature
and the reading section) being very specific to heroin. Several
participants stated that this made the app feel less relevant to
them personally:

Well, it’s just obviously for heroin addicts, isn’t it?
But that might be just because I’ve never took heroin,
and I just don’t relate to it. I don’t know...Obviously
people that have used heroin, it’s probably for them.
[Laura, female, aged 35 years, daily app user]

A small number of participants added that the emphasis on
heroin was off-putting, and 1 (5%) reported that questions within
the app on homelessness and being in prison made them doubt

whether the app was really for them because they did not
identify with these issues.

More generally, several participants stated that the app would
be particularly relevant to people who were concerned about
privacy and to those who did not like mutual aid meetings. In
this regard, participants emphasized that the app provided a
nonjudgmental and safe space for people to find different types
of information and support without having to share their personal
data. Of 20 participants, 1 (5%) added that the app could be
useful for people who did not have much external support.
Others felt that specific features (particularly the artwork feature,
sleep tracker, or diary) might interest some individuals, and
several participants had forwarded information regarding the
app to peers who might (they thought) appreciate these
functions.

Notwithstanding these opportunities, participants also argued
that the app might be less helpful for people who were not
comfortable with technology, did not have a smartphone, did
not have access to mobile data, were homeless, or were using
substances very heavily. In addition, some questioned whether
people who were not ready to address their addiction would be
interested in using the app or whether someone who was having
a difficult time would be willing to engage with it:

For me, being scored [using the tracker features]
works. For other people, if they go in and out of
lapses, or even a full relapse, they may not want the
added pressure of their scores getting worse. Because
that may then...lead to further use. [Ben, male, aged
46 years, monthly app user]

Expectations and Motivations
Most participants reported that they did not have any, or any
particular, expectations before downloading SURE Recovery.
Some explained that they just thought they would give it a go
and hoped that it would offer them help or something to assist
them in staying abstinent or sober. Others clarified that they did
not have any big expectations and were simply curious. As 1
(5%) of the participants explained, addiction is complicated and
cannot be cured by an app, although it is an additional tool.
Less positively, another participant stated that they were not
convinced that the app would be of much use because they
preferred face-to-face meetings but had been urged to try it by
their drug worker.

At the time when they downloaded SURE Recovery, some
participants said that they were feeling positive and wanted to
use the app to stay focused and maintain progress. In contrast,
others said that they were struggling, not feeling great, or in a
terrible state and therefore were seeking new forms of support.
For example, 2 (10%) said that the app interested them because
it might offer something different from Alcoholics Anonymous
and Narcotics Anonymous, and another explained that they
were attracted to the app because they did not find it easy to
talk to people. Other participants commented that they had liked
the look of the app because it seemed easy to understand, simple
to use, and always there:

It’s something that’s there at the time, you know, when
you’re having your thoughts, rather than, “Oh, you
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know, I’ve got to go and make an appointment to
see...my counsellor”...It’s immediately there...and
that’s what you need. [Amy, female, aged 43 years,
weekly app user]

In addition, a number of participants referred to particular
features or content that had piqued their interest. Most often
this was the recovery-tracking feature, which they said would
enable them to monitor and reflect on their recovery journeys.
However, others explained that they had been drawn by the
sleep feature, and some mentioned the diary because this offered
them somewhere to write down their thoughts, feelings, and
activities. Several participants also reported that they had been
attracted to the app because they thought that it might be able
to help them with general recovery goals such as maintaining
sobriety, avoiding relapse, engaging in self-help, and taking
responsibility for themselves.

First impressions additionally seemed particularly important.
In this regard, several participants stated that the app had seemed
different from other apps, offered a range of content, looked as
though it might provide something new, seemed to have been
well researched, and was not simply about counting days sober.
Others confirmed that it looked interesting and useful (although
1 (5%) of the participants said that they had been a little
concerned that it would be too complicated for them). Some
also reported that they had seen a positive review on the Apple
App Store or felt that the app was trustworthy because it had
been recommended to them by someone they respected or had
been developed by a university:

You can tell from the App Store that it was developed
by [name of university], and you know, like there was
research being put into it. So...I think I just trusted it
a bit more. [Lucy, female, aged 28 years, tried app a
few times]

Engagement

The Appeal and Relevance of Specific Features
When participants discussed how and why they continued to
engage with the app (or why they disengaged from it), the appeal
and relevance of specific features were central. Most of them
said that they used the recovery tracker more than any other
feature. Generally, participants thought that it was motivating,
interesting, useful, or fun to track their scores. Despite this, a
small number of participants had not noticed the recovery
tracker, and 1 (5%) had dismissed it as being too much effort
to complete. In addition, a few participants thought that it was
not relevant to them. This, they said, was because they scored
high initially and therefore felt that they had no way of
progressing, they received the same scores each time they
completed it and therefore lost interest, or they thought that the
questions did not apply to people such as themselves who were
at a more established stage of recovery:

A lot of the questions were loaded towards like stable
housing, and I think in recovery your outlook changes
to the fact that what you need’s much more than that.
And it [recovery tracker] didn’t go deep enough for
me. [Luke, male, aged 44 years, tried app a few times]

Although many participants had used the sleep tracker, some
stated that they did not use it because they slept well, slept badly,
or accessed other apps for sleep monitoring. The artwork feature
was, meanwhile, generally appreciated, with participants
variously describing it as interesting, cool, brilliant, and a nice
touch. However, a few participants found it confusing and said
that they did not see how it linked to the rest of the app or how
people might use it if they did not have artwork to submit. The
diary feature was used regularly and received some of the most
positive feedback, with participants stating that they enjoyed
recording their feelings (and, to a lesser extent, activities) and
then looking back over their entries. Nonetheless, a few
participants said that they had not used the diary feature because
they did not keep a diary, preferred to record things on paper,
or feared that their entries might be read by someone else,
particularly if they lost their phone:

So, I suppose the aspect of the diary is [that] I would
just worry somehow if I lost my phone...if somehow
what you’re writing...they [diary entries] are personal
and private to you. [Lucy, female, aged 28 years, tried
app a few times]

In contrast, the naloxone feature had not been widely used and
generated quite mixed responses. A few participants appreciated
having information regarding naloxone and overdosing within
the app and stated that this could address misconceptions
regarding overdose or would be helpful if someone witnessing
an overdose panicked and forgot what to do. Nonetheless, others
felt that this component of the app was not relevant to them
because they were in long-term recovery or had never used
heroin. The reading feature similarly evoked mixed views.
Several participants said that the Everyday Lives of Recovering
Heroin Users book did not interest them, and a participant
complained that it was too long, whereas others said that they
were enjoying reading it:

I just like it [Everyday Lives of Recovering Heroin
Users book]...I like it just that it’s personal, it’s
personal stories, it’s true, you know. It relates to
obviously my life and things. [Claire, female, aged 49
years, daily app user]

Most participants said that they had completed some of the
research questions, with 1 (5%) emphasizing how important it
is to share views and experiences with researchers to help others.
Meanwhile, only a small number of participants reported that
they liked the temporary COVID-19 feature, with others stating
that they were tired of hearing about COVID-19 and therefore
not interested in engaging with this content.

Perceived Benefits
Participants identified both practical and emotional benefits
from using SURE Recovery, which seemed likely to maintain
their interest and engagement. These benefits were reflected in
both how and when people used the app. For example, some
said that they used SURE Recovery when they were feeling
relaxed to reflect back on their day or to help reinforce positive
emotions, whereas others said that they used it when they
believed that their mind might wander to drugs, were feeling
concerned about their substance use, were feeling bored and
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needed a distraction, or thought that they might experience
cravings:

I use it generally quite late at night. And I think it’s
because that’s when my mind goes wandering to my
sort of craving. [Liam, male, aged 33 years, weekly
app user]

Both practical and emotional benefits were also evident when
participants discussed why they liked using particular app
content and features. Thus, participants reported that the
recovery tracker was useful because it enabled them to look
back over their scores and see their progress, identify changes
they wanted to make, and receive advice on how to advance
their recovery. In addition, some stated that the feedback
incentivized them to keep going, directed them to useful
resources, was uplifting, and gave them a boost on a bad day.
Moreover, they enjoyed completing the questions. One
participant (5%) added that the sleep measure facilitated
discussions with their physician regarding sleep, whereas others
appreciated the naloxone feature because they said that it
provided important information on how to save a life and made
them feel more confident about responding to an overdose if
needed:

With the naloxone, if somebody goes over
[overdoses], it’s there ready, you know. I mean I’ve
had training on naloxone, but...nobody knows how
[they are] going to react when it [an overdose]
happens. It’s just nice...that there’s something in your
back pocket. [James, male, aged 54 years, weekly app
user]

Several participants additionally stated that the diary feature
was valuable because it allowed them to empty their heads and
put all their thoughts down in one place and it could be used as
a gratitude journal (that is, a place to record and reflect on
things for which they were thankful). Some enthused about the
artwork feature and explained how this inspired them and lifted
their mood, whereas others said that reading the book and
learning about the experiences of others in recovery was
enjoyable and could help people feel less alone. In addition,
some said that the embedded links to external websites provided
helpful information and a route to additional forms of assistance.

More generally, participants reported that the app was useful
because it could be accessed at any time or in any place and,
for some, this seemed a better option than visiting a therapist,
who would need an appointment. Participants also confirmed
that the app was simple to understand, did not use up much
mobile data, and felt friendly toward people who had experience
of addiction, which made them feel that they could be honest
when entering their data. Equally, participants said that they
appreciated the variety of content and functions and noted how
not using the app for a while might alert them to an impending
relapse:

And I think that’s something that’s good with the app,
because you can sort of measure like the time in
between using them [tracker features]. You...might
look at it and think, “Oh, I haven’t been on there for
ten days. Something’s not right.” [Charlotte, female,
aged 43 years, daily app user]

In terms of concrete benefits, several participants said that the
app had brought stability to their lives and had supported them
to remain stable or abstinent. However, most said that their
behavior had not changed as a direct result of using the app,
although a few noted that engaging with the app had been part
of wider positive behavior change that they had made in their
recovery. Significantly, none of the participants identified any
reason why the app might be unhelpful or harmful, although 1
(5%) cautioned that it was not a replacement for other forms of
support and people would likely need additional help,
particularly in early recovery. A few participants also felt that
there were too many questions and the app was not participative
enough to be helpful as an intervention.

The Need for Improvements
Overall, there was no suggestion that the app needed to be
improved in terms of usability, although a small number of
participants felt that the language within the app could be
simplified. Several participants also reported that they were
uncertain who exactly the app was for and thought that it might
be better to have a single target audience, such as people in early
recovery. In addition, some participants felt that engagement
with the app might increase if it had notifications and reminder
features so that people would remember to complete the
measures and diary each day:

Reminders as well, you know, daily reminders for
people, are quite important...“What have you done
today for your recovery?” That kind of stuff. I think
that stuff’s pretty...important. [Luke, male, aged 44
years, tried app a few times]

In terms of specific features, various participants suggested that
the recovery feature could be improved by having more
questions for people who were further along in their recovery,
scope for scoring higher, and additional feedback on how to
improve their recovery score. Other participants said that they
would have liked more feedback on how to improve their sleep
score and felt that the inclusion of meditation and relaxation
aids would be useful additions. No particular improvements
were suggested to the artwork feature or diary content, other
than a passcode to increase the diary’s security and privacy.
Meanwhile, participants who thought that the app was too opiate
focused expressed a desire for more reading and resources on
other substances, such as a book on recovery from alcohol
problems.

Turning to new features, many participants wanted to see a
simple sobriety tracker that recorded an individual’s number of
days abstinent, whereas others recommended the inclusion of
affirmations (that is, positive statements that can help people
overcome negative and self-sabotaging thoughts). Participants
additionally suggested including a section on other elements of
well-being, such as nutrition, exercise, and mental health or
mood. Finally, some thought that the app would be better if it
enabled them to connect with, and talk to, others in recovery;
for example, through a live chat or newsfeed or by having
opportunities to submit personal stories and experiences:

I feel there should be like maybe where you can sign
up and you can interact with other people in recovery.
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So that, you know, you can kind of support each other,
and also meet other people that are sober and in
recovery. [Liam, male, aged 33 years, weekly app
user]

Discussion

Principal Findings
Our analyses identified 3 main factors influencing uptake of,
and 3 main factors influencing engagement with, the SURE
Recovery app. Importantly, however, there were similarities
and overlap between the uptake and engagement factors. In
terms of uptake, study participants learned about the app through
various sources but seemed particularly likely to download it
if it came to their attention through people, services, or social
media they trusted. Uptake also seemed to increase when people
did not want, or were unable, to access more formal support. In
addition, SURE Recovery was deemed more suitable for people
who were in early recovery and users of opioids, as well as
people who had access to, and a level of understanding of,
technology and a degree of motivation for recovery. Although
overall expectations of SURE Recovery tended to be low,
particular app features appeared to pique interest and draw users
in initially.

In terms of engagement, participants particularly liked the
recovery and sleep trackers and the diary. The embedded
research questions were considered acceptable, but the
opioid-specific material (the naloxone section and, to a lesser
extent, the book) were more controversial and seemed to be
associated with a degree of disengagement by some. Participants
attributed a range of practical and emotional benefits to using
SURE Recovery, with no reports of any harm caused. Benefits
included easy access to useful information, support in
maintaining stability and abstinence, reinforcement of positive
behavior changes, enjoyment, increased motivation to recover,
and improved mood. Despite this, participants noted that the
app was not a standalone intervention that could cure addiction,
and some wanted greater clarity regarding the intended audience.
In addition, participants recommended a range of new features,
including notifications and reminders, more content on alcohol
and other substances, a simple method for counting days sober,
and opportunities for real-time social interaction with other
people in recovery.

In practice, our research findings replicated some of the early
insights we had gained from the first discover stage of
co-designing SURE Recovery. During this initial developmental
work, interview and focus group participants had also stated
that they valued different types of formal and informal support,
enjoyed connecting with others in similar situations, felt that
keeping a log of their recovery was helpful, wanted advice on
the types of support available, liked tracking features, and
desired inspirational quotations. This high level of concordance
between the 2 stages of our work seems to validate our decision
to adopt a user-focused design process because the end users
clearly appreciated the features recommended to us by people
with experience of substance use during the developmental
stage. This finding differs from the conclusion of a systematic
review of health and well-being smartphone app uptake and

engagement conducted by Szinay et al [11] that reported that
study participants who discussed a hypothetical app did not
always agree with those who gave their views after actually
using an app. Such inconsistency with our findings merits further
investigation because the good concordance we identified clearly
suggests that soliciting and incorporating end-user views into
app design can improve uptake and engagement later [30].

Otherwise, many of our findings were broadly consistent with
both the review by Szinay et al [11] and a range of other
published literature. As reported by Szinay et al [11], we found
that when people were recommended the app, uptake increased;
the provision of health information, reminders, self-monitoring,
positive tone, social networking, and perceived utility were
linked to better engagement; and app literacy skills affected
both uptake and engagement. Equally, we identified support
for various items of the Mobile App Rating Scale; for example,
our participants appreciated fun, interest, interactivity, usability,
information quality, suitability for the target audience, and
credibility [31]. In line with other studies [2,7,8], we established
that people liked convenience and privacy, a nonjudgmental
tone, and the opportunity to see scores and monitor personal
progress. More negatively, meanwhile, our analyses confirmed
that uptake and engagement were likely to be undermined by
poor access to mobile technology, Wi-Fi, or mobile data, and
low user motivation for behavior change [9,11,14].

Importantly, our findings also yielded newer insights. First,
participants were attracted to SURE Recovery based on first
impressions, including the hope that the app would offer them
something useful, different, or new; it looked interesting; and
it seemed trustworthy because it was developed by a university
or had been recommended to them. Second, participants
approached SURE Recovery with very modest expectations.
Indeed, they were willing to download it based on their need
for support or because they were curious. Consequently, we had
no need to promote, advertise, or market SURE Recovery using
promises that it would stop addiction, cure cravings, or change
lives. Third, participants indicated that a key factor in
maintaining engagement was how the app made users feel. For
example, our participants said that they valued the enjoyment
gained from using the app, they felt motivated and heartened
when they saw their scores or looked at the artwork, they were
able to clear their heads when writing things down in the diary,
and they experienced a connection to others when reading the
book. Fourth, our analyses highlighted the significance of
relatability; thus, participants seemed unlikely to download or
engage with the app if they could not relate to its content,
especially if that content undermined their sense of identity (for
example, by inaccurately implying that they used heroin, were
homeless, or committed crimes).

Taken together, our findings and reflections have potential
relevance for other researchers and app developers. For example,
we believe that our co-design process was critical in ensuring
that SURE Recovery is user friendly, easy to understand,
motivating, and trustworthy, and we recommend this
collaborative way of working to others [8,30]. Nonetheless, we
developed SURE Recovery in response to user demand with
limited consideration of our precise target audience and whether
we should be including empirically based behavior change
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techniques [2,9,15,16]. With hindsight, we might have been
wiser to have chosen a more focused audience (such as people
using heroin or people in early recovery) and then developed
and disseminated the app in response to their particular wishes.
Likewise, we might have included additional evidence-based
behavior change techniques such as goal setting, action planning,
and social support [32-34]. These potential changes
notwithstanding, we would still have retained our co-design
process, given that even very powerful behavior change
techniques are undermined if they are delivered in a way that
people do not understand, do not trust, or deem boring or
unacceptable.

Given the importance of personal and trusted recommendation
in relation to uptake, we conclude that an effective dissemination
strategy requires a network of supportive partners, that is,
credible organizations and individuals who will champion the
app by telling others that it exists, linking it to their own
websites and informational materials, and proactively
disseminating it by means of social media. In addition, it would
be helpful if these partners were able to offer guidance and
support to people who might use the app to ensure that they
know how to download it, understand all the functions, and are
able to capitalize on what is being offered [11]. More generally,
our findings remind us that apps need to be maintained and
regularly updated in response to user feedback. This requires
resources (money, time, and expertise) alongside a business
model for sustainability [1]. In addition, consideration needs to
be given to competitor apps. Some of our participants stated
that there were other apps for sleep; therefore, they were not
interested in using SUSS. Over time, we will likely see more
free recovery apps published, some of which will probably have
additional capacities (for example, GPS, motion sensors,
biophysical monitoring, 24-hour professional support, or
linkages to primary care–based treatment) [1,7,15]. Although
we appreciate that some potential app users may feel
overwhelmed or confused by having too much choice, this is
unlikely to be a problem with respect to recovery apps aimed
at people experiencing alcohol or other drug problems where
options are currently very limited. We therefore reject the view
that competitor apps are a problem. Instead, we feel that having
more well-designed apps that seek to support people in
overcoming problems with their substance use indicates that
this is a viable space for technological innovation and the
availability of a pool of apps should provide welcome choice
for an often-underserved population.

Turning finally to how our findings have started to shape and
influence our own work, we have recently begun to develop
and support a community of SURE Recovery users. To this end,
we have recruited a small group of people (SURE Recovery
champions) who have lived experience of substance use, have
good information technology skills, and work or volunteer in
addiction services in different areas of the United Kingdom.
These individuals have been provided with a tablet computer,
training in how to use and explain SURE Recovery to others,
a small honorarium, and out-of-pocket expenses to enable them
to travel to services and demonstrate the app. The champions
also meet monthly on the web with members of the core app
development team to share knowledge and understanding. This

initiative has been established to capitalize on our finding that
people are more interested in the app when they hear about it
from a trusted source. In addition, by connecting the tablet to
the free Wi-Fi within services, the SURE Recovery champions
increase the app’s accessibility to people who may not have
hardware or their own mobile data plans.

Beyond this, the dynamic hot topic of the month feature
introduced in March 2021 has enabled us to begin to balance
out the content of SURE Recovery by adding more questions
and resources relating to alcohol and wider topics that are not
opioid specific (such as mental health, diet and eating, peer
support, mindfulness, and stigma). We have also used the hot
topic feature to invite app users to provide us with words of
wisdom to pass on to other people in recovery, and some of
these reflections have now been included in the banner of the
app. This responds to requests to include inspirational
quotations, while also helping to make the app more
participative and increasing the feeling of community among
users. To supplement this, we have amplified our social media
presence with a Facebook page, YouTube channel, Twitter
handle, and Instagram account. Going forward, we will also be
meeting again with our app developer to discuss the inclusion
of push notifications and reminders, as well as brainstorming
other ideas for updating the app based on our research findings.

Limitations
Our study and analyses inevitably include limitations. The
research was conducted by members of the team who developed
SURE Recovery. Our findings may consequently suffer from
social desirability bias [35] because the people who were
interviewed might not have been as critical as they would have
been if the research team had been wholly independent of the
app. Equally, we only interviewed 20 people. Although we were
careful in selecting participants who reported different levels
of engagement with SURE Recovery, we recognize that those
interviewed were not necessarily representative of people
downloading or using our app. Furthermore, people who
download and use SURE Recovery are not representative of all
people using substances. This is clear from the fact that our
interview participants were all aged 25-63 years and identified
as White British. That our findings do not capture the views
and experiences of people of color is a particular shortcoming
within a field that has historically underrepresented populations
identifying as non-White. We hope that others developing and
evaluating addiction-related apps will learn from this limitation
and will consider collecting and analyzing ethnicity data to
better understand if and why some populations may not engage
and to help ensure that future apps are clearly relevant to a range
of ethnic and racial groups. Because of these limitations, we
cannot claim that our findings reflect the views and experiences
of people with different ethnicities and demographic
characteristics. Nonetheless, we are encouraged by the fact that
key patterns and themes identified in our data are found in other
research. This provides a degree of reassurance that our findings,
although not empirically generalizable, are likely to be relevant
and transfer to other related apps and settings [27,28].
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Conclusions
To conclude, we return to the question of whether there is a
genuine future for mHealth apps aimed at people in recovery
from alcohol and other drug problems and, if so, what can be
done to promote uptake and engagement. Our findings are
cautiously positive but show that additional effort is needed.
Although first impressions, trusted recommendations, personal
relevance, and perceived benefits will all play a role, addiction
recovery app uptake and engagement continue to be undermined
by broader structural issues of digital exclusion and
marginalization [36,37]. Until there is wider access to devices
and mobile data and better universal information technology
literacy, the potential of any digital intervention is not likely to
be achieved [14]. For the foreseeable future, we will therefore

need addiction service providers to support mHealth
interventions by providing access to devices, onsite Wi-Fi, and
training and support in using digital technology. Meanwhile,
people who do use apps will not always be expecting them to
reduce their substance use or increase their days sober. They
may also download and engage with an app because it looks
interesting, makes them feel better, lifts their mood, helps them
to feel connected with others, or is fun. Accordingly, we should
not assess the success of addiction recovery apps based only on
objective measures of changes in substance use. As an app can
only ever be a cog in a wider ecosystem of support and
treatment, we also need to judge its impact through more
subjective indicators of health and well-being that may be
transient and difficult to quantify but important nonetheless.
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Abstract

Background: In recent years, the use of mobile health (mHealth) apps to manage chronic diseases has increased significantly.
Although mHealth apps have many benefits, their acceptance is still low in certain areas and groups. Most mHealth acceptance
studies are based on technology acceptance models. In particular, the Unified Theory of Acceptance and Use of Technology 2
(UTAUT2) model was developed to predict technology acceptance in a consumer context. However, to date, only a few studies
have used the UTAUT2 model to predict mHealth acceptance and confirm its suitability for the health sector. Thus, it is unclear
whether the UTAUT2 model is suitable for predicting mHealth acceptance and whether essential variables for a health-related
context are missing.

Objective: This study aims to validate the suitability of UTAUT2 for predicting mHealth acceptance.

Methods: In this study, diabetes was used as an example as mHealth apps are a significant element of diabetes self-management.
In addition, diabetes is one of the most common chronic diseases affecting young and older people worldwide. An explorative
literature review and guided interviews with 11 mHealth or technology acceptance experts and 8 mHealth users in Austria and
Germany were triangulated to identify all relevant constructs for predicting mHealth acceptance. The interview participants were
recruited by purposive sampling until theoretical saturation was reached. Data were analyzed using structured content analysis
based on inductive and deductive approaches.

Results: This study was able to confirm the relevance of all exogenous UTAUT2 constructs. However, it revealed two additional
constructs that may also need to be considered to better predict mHealth acceptance: trust and perceived disease threat.

Conclusions: This study showed that the UTAUT2 model is suitable for predicting mHealth acceptance. However, the model
should be extended to include 2 additional constructs for use in the mHealth context.

(JMIR Hum Factors 2022;9(1):e34918)   doi:10.2196/34918
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Introduction

Background
Mobile health (mHealth) apps are essential for effective
self-management of chronic diseases such as diabetes [1,2]. In
this context, mHealth describes mHealth technologies such as
diabetes apps [3] and continuous glucose monitoring (CGM)
systems [4] to support diabetes self-management and patient
health [5-11]. The use of mHealth apps for diabetes
self-management leads to more frequent monitoring of blood
glucose levels and lower long-term glucose levels [12].
However, many patients do not use mHealth apps as they do
not see the necessity or are satisfied with their current
management [13]. Despite the potential and relevance of
mHealth apps in chronic disease management, they are still
used insufficiently [14].

An important aspect that determines the use of mHealth apps
is their acceptance [15,16]: “User acceptance can be defined as
the demonstrable willingness within a user group to employ
information technology for the tasks it is designed to support"
[17]. However, the acceptance of mHealth apps is still low in
certain areas and groups [5,18-23]. For example, for type 2
diabetes, the acceptance of mHealth apps is low [12,24].

User acceptance often determines the success or failure of
technical apps [25]. For predicting the acceptance of mHealth
users, technology acceptance models are used [16,25]. These
models are essential as they combine various theories from
psychology and sociology to explain and predict technology
acceptance and use [26].

We used diabetes as an example to investigate this issue as
mHealth apps are a significant element of diabetes
self-management [2,4,7].

In addition, diabetes is one of the most common chronic
diseases, affecting approximately 463 million people worldwide
between the ages of 20 and 79 years in 2019 [27]. Most patients
(approximately 90%) have type 2 diabetes [27], where effective
self-management can have a significant impact on improving
patient health [5,6].

Many mHealth apps such as smartphone apps, blood glucose
sensors (CGM), and others are used by patients with type 1 and
type 2 diabetes in their self-management.

Therefore, we wanted to investigate the following research
question in the field of mHealth self-management in diabetes:
is the Unified Theory of Acceptance and Use of Technology 2
(UTAUT2) model suitable for predicting mHealth acceptance
using diabetes as an example?

If the UTAUT2 model was better adapted to the needs of
mHealth acceptance, the reasons for use or rejection of mHealth
apps could thus be better predicted and more easily taken into
account in new developments. This would help increase the use
of mHealth self-management apps among people who are
chronically ill, thereby improving their health.

Theoretical Background
In health informatics, the Technology Acceptance Model
(TAM), UTAUT, and UTAUT2 have proven to be suitable
models for acceptance research [28-30]. These models consider
constructs that influence the acceptance of technology to predict
its use [28].

The TAM was developed in the late 1980s and provided the
basis for further technology acceptance models [16,25]. It
focuses on understanding why users accept or reject information
technology (IT) systems and how their design influences
acceptance [25]. The TAM hypothesizes that perceived
usefulness and perceived ease of use are essential for the attitude
toward using, which is a dominant factor of behavioral intention
to use and can be interpreted as technology acceptance
[25,28,31].

In 2003, the UTAUT model was published to present a unified
model that synthesizes the diversity of acceptance models [16].
The basis of the UTAUT model is the analysis and comparison
of 8 technology acceptance models (eg, Theory of Planned
Behavior, TAM, and Innovation Diffusion Theory [16]). The
UTAUT model aims to evaluate the likelihood of success of
new technologies and understand the critical acceptance factors
to proactively define measures to ensure that systems are
accepted and used [16]. It uses the four central constructs of
performance expectancy, effort expectancy, social influence,
and facilitating conditions, moderated by gender, age,
experience, and voluntariness of use, as direct determinants of
behavioral intention and use behavior [16].

To date, mHealth acceptance studies have mainly used the TAM
[32-35] and UTAUT [19,36,37] model or combinations of both
[38,39]. Although the TAM was developed to predict the
acceptance of IT systems [25], the UTAUT model focused on
behavioral intention and technology use in organizational
contexts [16].

In contrast, the focus of the UTAUT2 model, which was
developed as an extension of the UTAUT model, is to predict
technology acceptance in consumer use contexts [26]. Therefore,
additional constructs such as hedonic motivation, price value,
and habit were added [26].

Figure 1 shows the UTAUT2 model developed by Venkatesh
et al [26], with its exogenous constructs (colored boxes) of
performance expectancy, effort expectancy, social influence,
facilitating conditions, hedonic motivation, price value, and
habit. It also shows the relationships between these exogenous
constructs and the endogenous constructs of behavioral intention
and use behavior [26]. Some of these relationships are
moderated by age, gender, and experience [26].

As this study focuses on the suitability of the UTAUT2 model
for predicting mHealth acceptance, Textbox 1 shows the
definitions of the exogenous UTAUT2 constructs only, adapted
from the study by Venkatesh et al [26].

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e34918 | p.446https://humanfactors.jmir.org/2022/1/e34918
(page number not for citation purposes)

Schretzlmaier et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 1. The Unified Theory of Acceptance and Use of Technology 2 model, adapted from a study by Venkatesh et al [26].

Textbox 1. Exogenous Unified Theory of Acceptance and Use of Technology 2 constructs adapted from a study by Venkatesh et al [26].

Performance expectancy

• “Degree to which using a technology will provide benefits to consumers in performing certain activities” [26]

Effort expectancy

• “Degree of ease associated with consumers’ use of technology” [26]

Social influence

• “Extent to which consumers perceive that important others (e.g. family and friends) believe they should use a particular technology” [26]

Facilitating conditions

• “Refer to consumers’ perceptions of the resources and support available to perform a behavior” [26]

Hedonic motivation

• “The fun or pleasure derived from using a technology” [26]

Price value

• “Consumers’ cognitive tradeoff between the perceived benefits of the applications and the monetary cost for using them” [26]

Habit

• “The extent to which people tend to perform behaviors automatically because of learning” [26]
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Therefore, the UTAUT2 model seems appropriate specifically
for mHealth technologies as it focuses on individuals and their
needs [26,40]. This is visible, for example, in the construct of
hedonic motivation, which has been described in some scientific
articles as particularly important for consumers of a product or
technology [26,41,42].

However, to date, only a few mHealth acceptance studies have
used the UTAUT2 model, and out of the studies using it, some
showed that primarily health-related factors such as health
conditions, health consciousness, and health concerns are
missing from the technology acceptance model [41,43,44].
These are particularly relevant for patients with chronic diseases
who are using mHealth apps. In this context, mHealth
acceptance may depend not only on fun or habit but also on the
perceived threat of disease and perceived data security [18,19].
However, these aspects are not covered in the UTAUT2 model.

Methods

We followed the 32-item COREQ (Consolidated Criteria for
Reporting Qualitative Research) checklist [45].

Design
We used a qualitative research design and triangulated an
explorative literature review with guided interviews. The
objective was to identify the main categories of mHealth
acceptance in the field of diabetes self-management.

The research design used, as shown in Figure 2, comprises 4
main steps (step 1 to step 4) built on each other. In the first step
(step 1), we identified relevant categories from the explorative
literature review for the initial category system. In the second
step (step 2), we conducted guided interviews with mHealth or
technology acceptance experts, followed by the third step (step
3), where we conducted guided interviews with mHealth users.
Guided interviews and literature review served to assess the
existing exogenous UTAUT2 constructs in a health-related
context and identify possible additional categories. In the last
step (step 4) of the research process, we used qualitative methods
triangulation to capture and compare all identified categories
from the previous research steps (step 1 to step 3) and finally
confirmed or rejected them.

Figure 2. Research design. mHealth: mobile health.

Ethics Approval
The study was approved by the research committee for scientific
ethical questions of the UMIT Private University for Health
Sciences, Medical Informatics and Technology (reference
number RCSEQ 2805/20).

Explorative Literature Review (Step 1)

Recruitment (Step 1.1)
Between March and November 2020, we conducted an
explorative literature review in the MEDLINE database
following systematic criteria. We used the keywords diabetes
and diabetes mellitus for the concept of diabetes. For the concept
of mHealth apps, we used the keywords mobile health apps,
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mobile health applications, mobile health units, and mobile
apps. For the concept of technology acceptance, we used the
keywords acceptance, UTAUT, and UTAUT2. In total, we
identified 582 scientific articles using different search queries.

Data Collection (Step 1.2)
The explorative literature review aimed to identify relevant
scientific articles from the mHealth and technology acceptance
field to develop the initial category system based on the
UTAUT2 model and additional categories using diabetes as an
example. On the basis of the identified scientific articles, we

conducted a screening process, which is described in Figure 3.
In the screening process, we first checked the titles and then the
abstracts of all scientific articles and compared them with the
research question. In these 2 steps, of the 582 scientific articles,
we filtered out 486 (83.5%) scientific articles that did not meet
the inclusion criteria, and for the remaining 96 (16.5%) scientific
articles, we conducted a full-text analysis and compared the
content of the methods, results, and conclusions sections with
the research question. Approximately 5.8% (34/582) of scientific
articles met the inclusion criteria.

Figure 3. Explorative literature review—the screening process.

Data Analysis (Step 1.3)
We conducted data analysis sequentially for each research step
(step 1 to step 3). MAXQDA 2020 (release 20.4.0; VERBI
GmbH) was used for transcribing and coding the qualitative
data. We conducted a structured content analysis using inductive
and deductive approaches, following the research question to
analyze the qualitative material according to Kuckartz [46]. We
developed, used, and continuously updated a codebook
containing relevant information (eg, detailed code description
and inclusion and exclusion criteria) to ensure the high quality
of the coding process [47]. Throughout the complete data
analysis process (step 1.3, step 2.3, and step 3.3), we used the
method of peer debriefing, in which we critically discussed the
collected data and the results derived from that data, as well as
the related analysis processes with an experienced research
expert [48]. In particular, unclear passages in the qualitative
data were reviewed according to the four eyes principle and

discussed during meetings with the coauthors to find a shared
consensus.

We started the data analysis by coding the scientific articles
from the explorative literature review (step 1). In the first
deductive step, we defined categories based on exogenous
UTAUT2 constructs to develop the initial category system. In
the second step, we coded 34 scientific articles based on
predefined categories and assigned all the relevant text segments
to the corresponding categories. In the third step, we inductively
defined and added missing categories to the category system
based on the material.
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Guided Interviews With mHealth or Technology
Acceptance Experts (Step 2)

Recruitment (Step 2.1)
We conducted guided interviews between December 2020 and
March 2021 with 11 mHealth or technology acceptance experts
(9, 82% men and 2, 18% women) from Germany and Austria.
We identified the experts based on their publications and
institute websites. Each of the experts held, at minimum, a PhD
degree and had worked in the research area of mHealth or
technology acceptance for ≥3 years. We used purposive
sampling to select the experts from universities in Germany and
Austria. After the 11 interviews, theoretical saturation was
reached.

Data Collection (Step 2.2)
On the basis of the results of the explorative literature review
(step 1) and the research question, we developed individual
theory-based interview guides with open-ended questions for
the interviews with mHealth or technology acceptance experts
(step 2) and mHealth users (step 3). We tested and improved
the interview guides before the official interviews. The
researcher (PS) who conducted the interviews was trained in
qualitative research methods and had a positive interest in
mHealth apps. There was no personal relationship between the
researcher and the interview candidates. The interviews took
place only between the researcher and the interview candidate
on the web (web conference) or by telephone. Both the

researcher and interview candidate were at home or in their own
office during the interview; therefore, no one else was present.
Before the interview started, there was a short introduction of
the researcher, the research topic, and the data privacy
guidelines. All interviews were conducted in German, audio
recorded by an external audio recording device, and lasted
between 20 and 45 minutes. After we finished the interviews,
we offered the participants the opportunity to ask questions,
which helped improve the interview guides. We took notes on
the interview atmosphere and comments from outside the
interview. We did not repeat any interviews, and there were no
dropouts.

We started the guided interviews with mHealth or technology
acceptance experts (step 2). The interviews aimed to assess the
existing exogenous UTAUT2 constructs in a health-related
context and identify additional relevant categories. Therefore,
in the first part of the interviews, we asked questions about the
general factors influencing the acceptance and sustained use of
mHealth apps from an expert perspective: which factors
significantly affect the acceptance and long-term use of mHealth
self-management apps? In the second part of the interviews,
we focused on the UTAUT2 model, specifically on the essential
constructs and constructs that should be added based on the
experts’ feedback: which constructs should be supplemented to
the UTAUT2 model concerning acceptance investigations of
mHealth self-management apps? (Table 1). For this reason, we
adopted an unprompted approach with open-ended questions.

Table 1. Main topics of the guided interviews with mHealtha or technology acceptance experts (n=11) and mHealth users (n=8).

mHealth usersmHealth or technology acceptance experts

General

Factors influencing the (long-term) use of mHealth self-management appsFactors influencing the acceptance and long-term use of mHealth self-
management apps

Advantages and disadvantages associated with the use of mHealth self-
management apps

Advantages and disadvantages associated with the use of mHealth
self-management apps

Reasons leading to use or nonuse of mHealth self-management appsReasons leading to use or nonuse of mHealth self-management apps

Specific

Expectations, barriers, and emotions related to the use of the mHealth self-
management app over time

UTAUT2b variables have the most significant influence on the accep-
tance and use

Relevance of the mHealth self-management app in daily lifeVariables that should be added to the UTAUT2 model to describe the
acceptance of mHealth self-management apps

amHealth: mobile health.
bUTAUT2: Unified Theory of Acceptance and Use of Technology 2.

Data Analysis (Step 2.3)
In contrast to the data analysis of the explorative literature
review (step 1.3), the analysis of the guided interviews (step
2.3 and step 3.3) was not conducted at the end of the entire data
collection phase but continuously after each interview. This
iteration process helped us identify the point of theoretical
saturation; that is, the point at which we were no longer able to
identify new categories [48].

In the first step, we continued the data analysis by transcribing
the guided interviews with mHealth or technology acceptance

experts verbatim. We did not return the interview transcripts to
the participants. In the second step, we coded each interview
based on the differentiated category system containing the
deductive and inductive categories, which resulted from the
explorative literature review (step 1.3). In the third step, we
inductively defined and added missing categories to the category
system based on the material until saturation was reached.
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Guided Interviews With mHealth Users (Step 3)

Recruitment (Step 3.1)
Between March and May 2021, we conducted guided interviews
with 8 mHealth users (5, 63% men and 3, 38% women) from
Germany and Austria. The age distribution of the participants
ranged from 20 to 75 years. We included patients with type 1
and type 2 diabetes and parents caring for children with type 1
diabetes, as the requirements and needs for mHealth apps are
comparable, and the apps do not specifically address only one

user group. We only included participants using an mHealth
app (diabetes app and CGM system) for at least 3 months.

We identified mHealth users through gatekeepers in
organizations such as diabetes associations and diabetes self-help
groups, who asked suitable persons to participate in the study.
In addition, we published a call for participation in the study
on social media. We used purposive sampling to recruit patients
of different ages, genders, and socioeconomic backgrounds to
ensure a wide diversity (Table 2). After 8 interviews, theoretical
saturation was reached.

Table 2. Sociodemographic data of recruited mHealtha users.

Duration of mHealth app useType of diabetesResidenceEducationGenderAge (years)User

4 monthsType 2AustriaPhDFemale751

4 yearsType 1GermanyVocational qualificationFemale332

6 monthsType 2AustriaPhDMale523

2 yearsType 1GermanyVocational qualificationFemale204

4 yearsFather of type 1 diabetes childAustriaPhDMale405

3 yearsType 1GermanyStudentMale226

6 yearsType 1AustriaStudentMale237

4 monthsType 2AustriaMaster’sMale608

amHealth: mobile health.

Data Collection (Step 3.2)
After we completed all the interviews with mHealth or
technology acceptance experts (step 2), we continued the
interviews with mHealth users (step 3). The interviews also
aimed to confirm the existing exogenous UTAUT2 constructs
and identify additional relevant categories based on mHealth
users’ perspectives. The first part of the interviews focused on
the used mHealth app and the reasons for choosing and using
it: which features or functions are essential to you so that you
use diabetes mHealth self-management apps in the long term?
In the second part of the interviews, we focused on the users’
experience with the mHealth app: when you first started to use
diabetes mHealth self-management apps, what expectations did
you have? (Table 1). For this purpose, we used the user
experience (UX) curve method [49], which visualized the UX
throughout use. We drew the UX curve by sharing the screen
with the mHealth users who joined the interviews on the web.
This was not possible if the interview was conducted via
telephone. In those cases, we only asked questions on UX
without visualization using the UX curve method.

Data Analysis (Step 3.3)
To analyze the data from the mHealth user interviews (step 3.3),
we performed the same analysis steps as for the analysis of the
mHealth or technology acceptance expert interviews (step 2.3).
However, for coding the mHealth user interviews, we used the
already differentiated category system that included inductive
categories from the interviews with mHealth or technology
acceptance experts (step 2.3). Approximately 2 weeks after the
coding of all material from step 1 to step 3 was completed, we
reviewed the final category system and the coded segments to

ensure the reliability (intrarater reliability) of the analyzed data
[50]. Identical or similar categories were combined.

Qualitative Methods Triangulation (Step 4)
We used qualitative methods triangulation [51,52] to combine
the different perspectives from the explorative literature review
(step 1) and the guided interviews (step 2 and step 3) to
investigate the research question, thereby increasing confidence
in the results and their validity [48,52]. For this purpose, we
captured and compared all identified categories from the 3
research steps (step 1 to step 3) to determine the relevant
categories to answer the research question. We considered
categories that we identified in at least two of the three research
steps (step 1 to step 3) to be particularly important for extending
the UTAUT2 model.

Results

Overview
We conducted a qualitative methods triangulation study
comprising an explorative literature review (step 1) and guided
interviews with 11 mHealth or technology acceptance experts
(step 2) and 8 mHealth users (step 3). Using diabetes as an
example, we investigated whether the UTAUT2 model is
suitable for predicting mHealth acceptance. Thus, we analyzed
the material from the explorative literature review (step 1) and
the guided interviews (step 2 and step 3) using structured content
analysis and then combined the results using qualitative methods
triangulation (step 4), as shown in Figure 4.

In our qualitative methods triangulation study, we were able to
confirm the relevance of all exogenous UTAUT2 constructs in
predicting mHealth acceptance using diabetes as an example.
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In addition, we were able to identify another three categories
that are not part of the UTAUT2 model: trust, perceived disease
threat, and personal innovativeness.

Interview quotes translated verbatim are shown in the following
sections to support our results.

Figure 4. Summary of combined categories (colored boxes) identified from explorative literature review and guided interviews (gray boxes). The
figures between gray and colored boxes indicate the number of coded segments assigned to each category. Categories are arranged in decreasing order
according to the sum of coded segments from both sources. mHealth: mobile health.

Confirmation of Exogenous UTAUT2 Constructs

Overview
According to most (9/11, 82%) of the mHealth or technology
acceptance experts interviewed, the UTAUT2 model is suitable
for acceptance studies, especially in areas where motivation and
continuous and voluntary use are essential. For example, this
applies to mHealth self-management in diabetes:

...in my opinion, it can be used well for all things that
are based on voluntariness in the broadest sense...that
means especially with health apps that are not
compulsory...even if the doctor prescribes me the app
free of charge that does not mean that I will use it for
the next weeks and months... [Expert 3, male]

Therefore, as a first essential part of our study, we wanted to
confirm that the exogenous UTAUT2 constructs are suitable
for predicting mHealth acceptance using diabetes as an example.
We summarized the main results of the structured content
analysis focusing on the exogenous UTAUT2 constructs to
present their relevance in the following sections.

Facilitating Conditions
We were able to confirm the importance of facilitating
conditions in diabetes mHealth self-management. In the
explorative literature review, we identified several scientific
articles that pointed out the relevance of facilitating conditions
in mHealth self-management [5,18,21,53-58]. In particular, the
authors highlighted technical support, support from the mHealth
app itself, and health care professionals as the essential aspects
of facilitating conditions for mHealth apps. We were also able
to identify those aspects in the guided interviews, as shown in
the extracts in the following section.

According to all (8/8, 100%) of the mHealth users surveyed,
good technical support, especially if there are any problems,
and support from their medical physician are essential for
accepting mHealth apps:

...it is crucial to me in any case, especially with
technical problems when the sensor, the mechanism
is broken, that you are told how to place it or that
you can easily contact the support...In any case, it is
vital to me that the doctors can get a good picture
and simply that the disease is kept under control.
[User 7, male, type 1 diabetes]
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Some (4/11, 36%) of the mHealth or technology acceptance
experts confirmed that support from medical physicians is an
essential factor for the long-term use of mHealth
self-management apps:

...many people also want to have some kind of
connection with their doctor. The app is used or
recommended by the doctor, or the doctor can be
contacted if there are any questions. So this is not
just pure self-help, but there is some connection with
the healthcare system or with health service... [Expert
9, female]

Of course, the support from the mHealth app itself is also
essential for its use. Some (3/8, 38%) of the mHealth users
consider a decent help function (eg, frequently asked questions
and video tutorials) that facilitates the use of the mHealth
self-management app to be an essential feature:

...with pictures and text, there are even videos...every
time you put a new sensor...you get an explanation
how to do it... [User 4, female, type 1 diabetes]

Performance Expectancy
We were also able to confirm the importance of performance
expectancy in diabetes mHealth self-management. On the basis
of the explorative literature review, we identified several
scientific articles that showed the importance of performance
expectancy in the context of mHealth self-management
[18,21,22,55,59-61]. In particular, the authors highlighted the
benefits gained for disease management as a relevant aspect of
mHealth apps. We were also able to identify this aspect of
performance expectancy in the guided interviews, as shown in
the following sections.

Most (7/8, 88%) of the mHealth (CGM system) users started
using the technology because of clear expectations that it would
improve their lives. The mHealth app makes daily management
of the disease easier and gives users back a piece of everyday
life as it provides an accessible overview of the relevant blood
glucose values, which has a positive effect on acceptance:

...we switched to it because it is simply a completely
different dimension in diabetes management. You can
not compare that with regular blood
measurements...with this technology, diabetes is just
much easier to handle. You can go about your daily
life... [User 5, male, father of type 1 diabetes child]

Compared with traditional blood glucose monitoring, half (4/8,
50%) of the surveyed mHealth (CGM system) users considered
setting alarms and reminders in urgent situations to be one of
the most crucial functions of the mHealth app, thus increasing
its acceptance:

...definitely the alarms. I have an Apple Watch that
is also compatible with the system. It gives me
messages...when I am hypoglycemic when there are
any disorders. What I also find to be a significant
advantage is sharing the app with other people. So
my partner also has it on his cell phone and sees or
gets messages when I am hypoglycemic and can no
longer react... [User 4, female, type 1 diabetes]

This also reflects the statements of all (11/11, 100%) of the
mHealth or technology acceptance experts. The essential factors
for long-term use of mHealth self-management apps are the
perceived benefits and advantages that must be visible to the
patients, especially the freedom gained and the flexibility in
self-management of the disease:

...so people have to see that they have a benefit
somehow. So over a longer period, they also use it
consistently in everyday life...that is the case with
chronic diseases, where it is a long-term problem,
and you have to make people aware of the benefits of
this app for the long term. It must be useful... [Expert
9, female]

Effort Expectancy
We were also able to confirm the importance of effort
expectancy in diabetes mHealth self-management. In the
explorative literature review, we were able to identify several
scientific articles that showed the importance of effort
expectancy in the context of mHealth self-management
[5,18,21,40,53,55,57,59,61,62]. In particular, the authors
highlighted convenience, simplicity, and usability as relevant
aspects associated with the acceptance and use of mHealth apps.
As shown in the extracts given in the following section, we
were also able to identify those aspects of effort expectancy in
the guided interviews.

Usability and simplicity of use without physical impairment
were deemed to be essential criteria for long-term use of diabetes
mHealth self-management apps by all (8/8, 100%) of the
mHealth users. A relevant aspect that half (4/8, 50%) of the
surveyed mHealth (CGM system) users highlighted is that
drawing blood is not necessary for the glucose measurements,
which is a great relief in everyday life and improves acceptance:

...it is just a lot easier than when you have to go to
the break room at work all the time and prick your
finger...take your cell phone, hold it up to the sensor,
and it shows you the sugar right away...it is just a
significant relief, and you have everything in
there...you do not have to keep a diary anymore. You
have everything in the app. Everything is there... [User
2, female, type 1 diabetes]

In all (11/11, 100%) of the mHealth or technology acceptance
experts’ point of view, the decisive factors for the long-term
use of mHealth apps are their user-friendliness and the fact that
they require less effort, are easy to use, and produce better
outcomes than conventional solutions:

...especially the usability plays a decisive role...
[Expert 6, male]

Social Influence
We were also able to confirm the importance of social influence
in diabetes mHealth self-management. On the basis of the
explorative literature review, we identified several scientific
articles that showed the importance of social influence in the
context of mHealth self-management [5,18,20-22,36,40,
53,57,59,63]. In particular, the authors highlighted the
importance of recommendations from physicians, medical
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professionals, family members, and friends for the use of
mHealth apps. We were also able to identify those aspects in
the guided interviews, as shown in the extracts in the following
sections.

On the basis of feedback from all (8/8, 100%) of the mHealth
users, the primary influence to use an mHealth app for disease
management is driven by health care providers such as
diabetologists, diabetes outpatient clinics, and physicians. If the
personal environment is generally very positive about the
mHealth app, acceptance is encouraged:

...I was only really made aware of this by my
diabetologist. So through her, I got to know that,
before I did not know that either... [User 2, female,
type 1 diabetes]

In addition, many (8/11, 73%) of the mHealth or technology
acceptance experts see significant influence from health care
providers for the first and long-term use of mHealth apps. Most
(9/11, 82%) of the mHealth or technology acceptance experts
also see some influence from the media and closer personal
environment, which positively influences acceptance:

...so the recommendation by a doctor, by friends,
relatives or other persons involved is fundamental...
[Expert 9, female]

Hedonic Motivation
We were also able to confirm the importance of hedonic
motivation in diabetes mHealth self-management. On the basis
of the explorative literature review, we were able to identify
several scientific articles that showed the importance of hedonic
motivation in the context of mHealth self-management
[18,22,56,59,62]. In particular, the authors emphasized the
importance of emotional support for adherence, motivation
through goal setting, and playful elements (ie, gamification) for
the sustained use of mHealth apps. We were also able to identify
those aspects in the guided interviews, as shown in the extracts
given in the following section.

All (8/8, 100%) of the mHealth users reported positive emotions,
such as the joy of having an app that helps them manage their
disease. Some (5/8, 63%) of the mHealth users associate the
use of the app with fun, which leads them to check blood glucose
much more frequently, for example, which contributed to
increasing the acceptance of the mHealth app:

...first of all, joy, because it is a significant relief...
[User 2, female, type 1 diabetes]

...you have something new,...you want to use it all the
time although it is a medical application...I measured
blood sugar fifty times a day...just to see how cool it
is... [User 6, male, type 1 diabetes]

In addition, most (9/11, 82%) of the mHealth or technology
acceptance experts consider fun, such as through gamification
aspects and positive feedback during use, to be vital motivating
factors for ensuring that mHealth apps are used for the long
term:

...hedonic motivation plays a role—of course, it is a
decisive factor in whether you use it or not...I also

enjoy it...I find gamification exciting, i.e., increasing
motivation through such playful elements... [Expert
5, male]

Price Value
We were also able to confirm the importance of price value in
diabetes mHealth self-management; however, we also identified
2 levels. On the basis of the explorative literature review, we
discovered that depending on the user group (eg, older patients)
or the mHealth app (eg, sensors with higher costs), price value
played a significant role [18,61,63]. In contrast, the price was
not relevant for less expensive mHealth apps such as smartphone
apps [22,53,59]. We were also able to identify those aspects in
the guided interviews, as shown in the extracts given in the
following section.

Approximately all (7/8, 88%) of the mHealth users assigned a
rather subordinate role to the price, especially for mHealth
smartphone apps. Their focus was on the gain in convenience
and quality of life. Health insurance companies usually cover
the costs of the considerably more expensive CGM systems.
However, the mHealth users agreed that even an appropriate
copayment would not affect the use and acceptance of the
system:

...so I do not have to pay anything for the smartphone
app. I just need to pay for the sensors. So that is thirty
euros a quarter, which is nothing. Even if the app had
to be paid for, it depends on how much, of course...I
would definitely pay...because it is a significant relief
and would be worth it to me... [User 2, female, type
1 diabetes]

If the price of an mHealth self-management app is within a
reasonable range, most (9/11, 82%) of the mHealth or
technology acceptance experts consider it to have no significant
role. However, if the price is too high, it will affect acceptance,
and people will not start or continue using the mHealth app:

...the price is often unimportant because the things
are either free or paid for by the health insurance—so,
in the very rarest cases, I have to spend a large
amount of money for a specific application... [Expert
3, male]

Habit
We were also able to confirm the importance of habit in diabetes
mHealth self-management. On the basis of our explorative
literature review, we identified several scientific articles that
showed relevant aspects of habit in the context of mHealth
self-management [53,59,62,64]. The authors emphasized the
strong influence of habit on the expected outcome and the
importance of continuous use because of regular patterns and
routines. We were also able to identify those aspects in the
guided interviews, as shown in the extracts given in the
following section.

Approximately all (7/8, 88%) of the mHealth users stated that
the mHealth app has taken an important place in their everyday
life and has become a habit, improving their disease
management:
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...important place in my life. Compared to before,
now with the app I test, I think, almost fifteen times
more than before. It is already routine...I test much
more than before with a standard test device... [User
2, female, type 1 diabetes]

In addition, approximately half (5/11, 45%) of the mHealth or
technology acceptance experts confirmed that integrating the
mHealth app into daily routines is essential for sustained use:

...the habit is, of course, what drives you in the end,
to do the same thing over and over again... [Expert
4, male]

Additional Constructs
However, the analysis showed that additional constructs, as
shown in Textbox 2, may also need to be considered to predict
the user acceptance of mHealth self-management apps in
diabetes.

Textbox 2. Newly proposed and confirmed constructs for the acceptance of mobile health self-management in diabetes.

Trust

• Degree of trust in the data collected by the mobile health app concerning data security, privacy, quality, and processing

Perceived disease threat

• Degree of patients’ awareness of risks and limitations to health and well-being related to diabetes

Newly Proposed and Confirmed Construct: Trust
We identified the construct trust in several places in this study,
showing its relevance to the field of mHealth self-management
in diabetes. Trust can be defined as belief or confidence in other
people or things [65]. We used the term trust to combine aspects
such as data security, privacy, anonymity, and information
quality. This approach is in line with a recent study on public
trust in the health care system, in which the authors investigated
various aspects that influence trust to understand the construct
better [66]. On the basis of the explorative literature review, we
identified several scientific articles that highlighted the
importance and relevant aspects of trust in the context of
mHealth self-management [18,21,22,40,59,65,67]. The authors
emphasized the positive influence of trust as a crucial aspect in
predicting acceptance and intention to use IT. We could also
identify these aspects in the guided interviews, as shown in the
extracts given in the following section.

Data protection and privacy were considered essential features
of mHealth self-management apps by half (4/8, 50%) of the
surveyed mHealth users. Problems with insufficient data
protection and privacy can lead to low acceptance and
termination of use:

...possibly lead to the fact that I stop...if I have the
feeling my privacy is not maintained... [User 1,
female, type 2 diabetes]

In addition, from the perspective of most (10/11, 91%) of the
mHealth or technology acceptance experts, data protection, data
security, and privacy are central prerequisites for the acceptance
and long-term use of mHealth apps. Specifically, the handling
of data by third parties, such as service providers, has a
significant influence on the use decision of mHealth apps:

...you also have to trust the app provider or
manufacturer...if there is even the slightest risk that
personal data is sold, and not anonymized at
best...this does not increase trust, and the application
probably will not be used... [Expert 5, male]

Thus, according to more than half (7/11, 64%) of the surveyed
mHealth or technology acceptance experts, it is not only about

technical parameters of the mHealth app, such as data security.
They increasingly see subjective factors such as trust in the
service and service provider as relevant for mHealth acceptance:

...data protection is only one aspect...it is really about
trust...[Expert 5, male]

As the construct trust is not part of the UTAUT2 model but
essential for accepting and using mHealth self-management
apps, some (5/11, 45%) of the mHealth or technology acceptance
experts recommended adding it:

...something like the trust that the data is not being
misused...it is such a central aspect...because trust
is, at least in Germany and I also think in Austria...a
central component of consumer health IT
applications. [Expert 5, male]

Therefore, we were able to confirm the importance of trust for
mHealth self-management in diabetes.

Newly Proposed and Confirmed Construct: Perceived
Disease Threat
In this study, we identified the construct perceived disease threat
in several places. The Health Belief Model first defined the
construct of perceived disease threat [68,69]. The Health Belief
Model refers to avoiding and preventing illness through specific
health actions [70]. In this study, we used the construct of
perceived disease threat to assess patients’ awareness of risks
and limitations to health and well-being associated with diabetes
[70]. On the basis of our explorative literature review, we
identified several scientific articles that highlight the importance
and relevant aspects of perceived disease threat in the context
of mHealth self-management [19,21,34,40,71]. In particular,
the authors highlighted that patient awareness of the risks
associated with chronic diseases could help to improve the
acceptance of mHealth self-management apps. We were also
able to identify those aspects in the guided interviews, as shown
in the extracts given in the following section.

Many (5/8, 63%) of the mHealth users mentioned that they
started to use a CGM system because of the negative impact on
their blood glucose levels when they partially stopped using the
conventional measurement because of the perceived
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inconvenience of pricking their finger. In addition, the CGM
system protects against dangerous situations such as nighttime
hypoglycemia, which they highlighted to be essential for
acceptance:

...the pricking was highly burdensome to me, so I
partly stopped doing it, which was not really
beneficial for developing blood glucose levels... [User
3, male, type 2 diabetes]

...you never know what happens at night when you
do not wake up when you have hypoglycemia, and if
I didn’t have the system, quite different things could
happen... [User 4, female, type 1 diabetes]

According to more than half (6/11, 55%) of the surveyed
mHealth or technology acceptance experts, people who
experience a disease and perceive it as a risk are more open to
alternatives such as mHealth apps that promise positive benefits,
which increases their acceptance:

...the patients’ current state of health and suffering
are essential...someone who has to ensure very
extensive self-management is much more open-minded
than someone who only has to collect or document
data once a day or once a week... [Expert 10, female]

Therefore, according to some (3/11, 27%) of the mHealth or
technology acceptance experts, the UTAUT2 model should be
extended with variables related to the disease state and the
perceived disease threat:

...I would include disease-related variables...for
example, chronic diseases...something like a perceived
threat. [Expert 9, female]

Therefore, we were able to confirm the importance of the
perceived disease threat for mHealth self-management in
diabetes.

Newly Proposed but Not Confirmed Construct: Personal
Innovativeness
We were able to identify the construct of personal
innovativeness only in the explorative literature review and the
interviews with mHealth or technology acceptance experts but
not with mHealth users. On the basis of the explorative literature
review, we identified only 2 articles that highlighted the
importance of personal innovativeness in the context of mHealth
self-management [59,60]. The authors described personal
innovativeness as the ability of a person to be open to new ideas
and make innovative decisions [60]. As shown in the extract
given in the following section, we were also able to identify the
described aspect in the interviews with mHealth or technology
acceptance experts.

Most (8/11, 73%) of the mHealth or technology acceptance
experts see technology-savvy people and people who want to
control their data as being particularly open to accepting and
using mHealth apps:

...especially technically-savvy patients, as well as
patients who do not want to travel to the hospital
three times a week to record a certain value... [Expert
6, male]

However, the construct is already part of the moderating effects
of hedonic motivation on behavioral intention in the UTAUT2
model because of the associated differences in users’willingness
to innovate [26]. Therefore, we were not able to confirm the
importance of personal innovativeness as an additional construct
for mHealth self-management in diabetes.

Discussion

Principal Findings
In this qualitative methods triangulation study, we used different
perspectives to investigate whether the UTAUT2 model is
suitable for predicting mHealth acceptance using diabetes as an
example. Our results showed that we were able to confirm all
exogenous UTAUT2 constructs. However, we verified that 2
essential constructs are missing in the UTAUT2 model to predict
mHealth acceptance. We determined the constructs of trust and
perceived disease threat to be relevant in this context. In
contrast, the construct personal innovativeness, which we also
identified, seemed less relevant for mHealth users, as we did
not find indicators in the interviews. Furthermore, the construct
personal innovativeness is already considered in the UTAUT2
model; therefore, it is unnecessary to add it as a separate
construct.

Strengths and Limitations
We used a qualitative research method with its open approach
to investigate the subject area.

The triangulation of explorative literature review (step 1) and
guided interviews with mHealth or technology acceptance
experts (step 2) and mHealth users (step 3) allowed us to identify
relevant aspects influencing mHealth acceptance from different
perspectives.

Using the method of structured content analysis combined with
qualitative methods triangulation allowed us to confirm all
relevant categories. In addition, we were able to identify less
relevant categories; therefore, those categories are not required
to be added to the UTAUT2 model. As expected, the systematic
combination of the different methods proved successful, as we
were able to confirm all exogenous UTAUT2 constructs and
identify new categories quite clearly. The results have confirmed
each other and can, therefore, be considered reliable.

We chose diabetes as an example as it is one of the most
common chronic diseases for which mHealth apps are an
essential element of self-management. Owing to the broad
spectrum of patients with diabetes and available mHealth apps,
the qualitative results also seem to be generalizable to mHealth
apps for other chronic diseases.

We systematically selected different interview participants and
triangulated different sources of information. We also followed
the principle of theoretical saturation and are, therefore,
confident that we have captured all relevant aspects. However,
as the selection of mHealth users focused on active users, there
might have been some selection bias.

Although the interviews were only conducted with people from
Austria and Germany using diabetes as an example, we consider
that the qualitative methods triangulation study results also
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apply to countries with comparable health care systems,
technical infrastructure, socioeconomic and cultural
backgrounds, and other chronic diseases where mHealth
self-management apps are used because of the multicenter study
design.

A risk when conducting interviews is that people’s responses
may be influenced by social desirability. We tried to reduce this
risk by creating a trustful and open interview atmosphere in
which only the interviewer and the interview candidate were
present.

Although we have adhered to the quality criteria of qualitative
research concerning objectivity, reliability, and validity by
applying neutrality in data analysis, rule guidance in the research
process, peer debriefing, and method triangulation, explorative
studies are associated with certain limitations such as
generalizability. Therefore, we plan to verify the results within
the framework of a quantitative follow-up study.

Comparison With Prior Work
To date, there have not been many studies that have used the
UTAUT2 model to predict mHealth acceptance
[41,43,44,60,62,64]. In addition, only a few of these studies
have explicitly highlighted the suitability of the UTAUT2 model
in this context [43,60,64]. With our qualitative methods
triangulation study, we were also able to confirm the suitability
of the UTAUT2 model for predicting mHealth acceptance.

In our results, we showed that the four exogenous UTAUT
constructs of facilitating conditions, performance expectancy,
effort expectancy, and social influence are relevant to the
acceptance of mHealth in diabetes, which is consistent with
previous mHealth studies [19,36,37,41].

We were also able to verify the relevance of the three additional
exogenous UTAUT2 constructs: hedonic motivation, price
value, and habit. In particular, hedonic motivation and habit
were highlighted to be essential for the acceptance and long-term
use of mHealth self-management apps in diabetes. In their study,
the authors pointed out the importance of both constructs for
mHealth acceptance [64].

Our results showed that the price of an mHealth
self-management app is considered less relevant by mHealth or
technology acceptance experts and mHealth users, who focus
more on the benefits of the app. This observation is consistent
with the findings from previous studies, where the authors
showed that price value does not influence mHealth acceptance
[43,59].

In addition to the exogenous UTAUT2 constructs, we identified
three relevant constructs: trust, perceived disease threat, and
personal innovativeness. The relevance of trust and perceived
disease threat were highlighted in our results as essential aspects
for mHealth acceptance in diabetes. This observation aligns
with previous studies where the authors described the relevance
of trust in adopting different eHealth services by extending the
TAM and UTAUT model [65,67].

The relevance of the construct perceived disease threat was
also confirmed by several studies where the authors used the
TAM and UTAUT model to investigate the acceptance and
adoption of mHealth apps in patients with chronic diseases such
as hypertension and diabetes [19,21,34,71].

However, our results showed that the construct of personal
innovativeness turned out to be less relevant. This observation
is consistent with the original UTAUT2 study in which the
authors described the construct personal innovativeness as an
implicit moderating effect of the construct hedonic motivation
on behavioral intention [26].

Conclusions
In summary, our study showed that the UTAUT2 model is
suitable for predicting mHealth acceptance, as shown in the
field of mHealth for diabetes. However, we also showed that
the additional constructs of trust and perceived disease threat
are required to comprehensively examine mHealth acceptance
in this context.

We see great potential for an extended UTAUT2 model that
focuses on additional mHealth predictors. Further research is
needed to determine whether the newly identified constructs
also apply to other mHealth apps and clinical settings.
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Abstract

Background: Exercise-based cardiac rehabilitation (CR) is a crucial part of the treatment of patients with cardiac diseases, and
adherence to healthy behavior is a prerequisite to improve long-term prognosis. Unfortunately, adherence to healthy behavior
adapted in CR is challenging for many cardiac patients in the long term. Recently, we demonstrated that follow-up conducted
via an app for 1 year significantly improved adherence to healthy behavior after CR. To increase the knowledge and understanding
of mobile Health (mHealth) interventions that can promote acceptance and adherence, qualitative research investigating patients’
experiences with these interventions is warranted.

Objective: The aim was to investigate patient experiences with individualized long-term follow-up conducted via an app for 1
year and their thoughts about what features promoted adherence to healthy behavior after CR. The purpose was to increase the
understanding of significant findings previously reported and to guide future development of similar interventions in the field of
adherence.

Methods: A qualitative study with individual interviews was conducted from November 2018 to May 2019. A thematic interview
guide was used when conducting the semistructured in-depth interviews. The interviews were audio recorded and transcribed
successively during the period in which the interviews were conducted. Texts were managed and systematized by NVivo. Interviews
were analyzed by qualitative content analysis. Codes and themes were inductively developed.

Results: Ten patients who had participated in a randomized controlled trial evaluating the effect of follow-up conducted via an
app on adherence to healthy behavior after CR were included. The median patient age was 65 years (range 46-72 years), and both
genders were represented. The analysis resulted in the following 4 themes describing the patients’ experiences: (1) The person
behind the app is crucial for motivation and adherence; (2) The app as a commitment; (3) The app as a path to independence; and
(4) Suggestions for improvements. Features experienced as beneficial to promote adherence were individualized feedback and
the use of goal setting. The significance of the person behind the app (the supervisor) who provided individualized feedback was
a consistent finding. This person seemed to promote motivation in general and to enable other known behavioral change techniques.

Conclusions: The person behind the app (the supervisor) seems to be one of the most significant success factors in promoting
adherence to healthy behavior after CR. This indicates that a health care provider must actively participate in a patient’s process
of adherence to healthy behavior, even when using interventions, including an app. Future development of interventions in the
field of adherence should strive to create tools that enable an ongoing collaborative relationship between the patient and the health
care provider. The follow-up should be based on the patient’s own goals, and individualized feedback should be provided.
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Introduction

Exercise-based cardiac rehabilitation (CR) is a crucial part of
the treatment of patients with cardiac diseases and is a Class IA
recommendation in European guidelines [1,2]. The overall goal
of secondary prevention, including CR, is to prevent subsequent
cardiac events [2,3]. In this context, adherence to healthy
behavior, including physical activity, regular exercise, healthy
nutrition with bodyweight control, compliance with taking
medication, and smoking cessation [2], is crucial. Although
adherence to healthy behavior is a prerequisite to improve the
long-term prognosis, the majority of cardiac patients do not
achieve the guideline standard for secondary prevention in the
long term [2,4]. Research evaluating interventions aiming to
improve adherence to healthy behavior after CR is therefore
warranted [2].

Mobile health (mHealth) interventions have been proposed to
meet the challenges related to adherence to healthy behavior
and have thus been suggested as potential interventions after
CR [2,5-7]. In particular, smartphone apps have been considered
promising owing to their ability to monitor patients’health from
anywhere at any time [5,8]. Previous research has highlighted
the need for individualization of such interventions [9,10].
Recently, we demonstrated the feasibility of using an app to
provide individualized follow-up in patients after CR [11].
Based on the results from this study, we developed and
conducted a randomized controlled trial (RCT) aiming to
evaluate the effect of individualized follow-up with an app for
1 year on health outcomes relevant for adherence to healthy
behavior in patients after CR [12]. Patients in the intervention
group received access to an app where they added individual
goals and accompanying tasks [12,13]. They were monitored
and followed by a supervisor (specialized physiotherapist) for
a year. The app itself provided reminders and evaluations of
tasks and weekly goal achievement, and the patients could write
notes related to each goal. The intervention included
comprehensive individualized feedback, based on the patients’
goals and what they had done, through an email every week for
the first 12 weeks and every fourth week for the rest of the year.
Throughout the year, they also received between 1 and 3 short
motivational messages every week. These messages were written
individually for each patient. However, sometimes the content
was of a more general nature. Additionally, patients could
submit questions to the supervisor and receive answers within
2 working days throughout the year [12,13]. The results
demonstrated that using the app significantly improved peak
oxygen uptake, exercise performance, exercise habits, and
self-perceived goal achievement, compared with a control group
that received usual care after CR [12]. All patients allocated to
the intervention group used the app, and as much as 71% of the
patients used the app on a daily or weekly basis throughout the
year [12].

The high acceptance and use of the app in our study was unique
as difficulty or low acceptance in using the technology is a
frequent obstacle in similar interventions [14]. In order to
increase the knowledge and understanding of mHealth functions
and components that can promote acceptance and adherence,
qualitative research investigating patients’ experiences with
these interventions is urged. To our knowledge, no previous
studies have explored patients’ experiences with individualized
mHealth interventions lasting for a whole year. The purpose of
this study was to increase the understanding of the significant
findings previously reported [12] and to guide future
development of similar interventions in the field of adherence.
Our aim was to investigate patient experiences with
individualized long-term follow-up conducted via an app for 1
year, in order to gain more knowledge about features promoting
adherence to healthy behavior after CR.

Methods

Design
A qualitative study with individual interviews was conducted
to describe patients’ experiences with a long-term follow-up
intervention conducted via an app. The interviews were planned
to be completed within 2 weeks after the patients had ended
their follow-up period of 1 year in the previously mentioned
RCT [12].

Recruitment
Participants were recruited from the RCT [12] (n=113).
Enrollment in the RCT was carried out at 2 CR centers in the
eastern part of Norway from October 2017 to June 2018. These
CR centers offered, in total, 3 different CR programs: 12-week
outpatient CR, 4-week inpatient CR, and 1-week inpatient CR.
The randomization was stratified by the CR program to ensure
equal participation and thereby representativeness.

At the 1-year follow-up assessment, participants in the
intervention group were recruited in this study. Living nearby
Oslo (maximum 1-hour commute) was set as an inclusion
criterion as the interviews were planned to be conducted at Oslo
Metropolitan University (OsloMet) in Oslo, Norway. Efforts
were made to ensure that participants were representative of the
CR population in the eastern part of Norway (both genders,
participation in different CR programs, and different ages).
Recruitment and inclusion in this study continued until data
saturation was achieved.

Interviews and Interview Guide
Individual interviews were completed from November 2018 to
May 2019. The interviews were carried out at OsloMet. One
participant chose to complete the interview digitally owing to
several unforeseen appointments that made it difficult to attend
physically. To ensure sufficient quality on the audio recording,
Skype for Business was used. The interviews lasted from 35 to
62 minutes (44 minutes on average) and were carried out by 2
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researchers (KAB and EH) who did not take part in the RCT
from which the participants were recruited. Both interviewers
had extensive experience from CR and qualitative research. To
ensure the material was as comprehensive as possible, all
interviews were carried out with both researchers present.

A thematic interview guide (Multimedia Appendix 1) was used
when conducting the semistructured in-depth interviews. The
interview guide was developed by 3 of the authors (PL, KAB,
and EH) and validated by all authors. The aim was to maintain
an open nonjudgmental attitude. Emphasis was placed on
listening to the responses to open-ended questions and allowing
the participants to fully explain a phenomenon, together with
an invitation to reflect upon their experiences [15]. The
interviews were audio recorded and transcribed successively
during the period in which the interviews were conducted.
Initially, the texts were managed and systematized in Microsoft
Word, and by working manually with printouts and pen and
paper. Thereafter, the texts were imported to, and managed and
systematized by NVivo (released in March 2020) [16].
Quotations from the texts were translated from Norwegian to
English by the first author (PL) and then validated by all
co-authors.

Data Analysis
Transcribed interviews were analyzed by a thematic coding
technique based on the framework by Braun and Clarke [17],
which is a method for identifying, analyzing, and reporting
patterns within qualitative data. The method includes the
following 6 phases: (1) familiarization with the data, (2)
generating initial codes, (3) searching for themes, (4) reviewing
themes, (5) defining and naming themes, and (6) writing the
report [17]. The codes and themes were inductively developed.

Initially, the analysis involved repeated readings of each
transcript by all the authors to obtain an overall impression of
the material. The next phase involved coding the entire data set
on a semantic level. Specifically, we focused on the parts of the
data that revealed relevant information and descriptions
regarding the current overall research question. Further, codes
that revealed similar aspects of the data were grouped into
preliminary themes, which were checked for consistency and
variability within and across interviews. Subsequently, we
identified and interpreted 4 overarching themes in a constant

process of moving between the data, potential themes, and maps
made for visualization, as well as in reference to relevant
literature, and discussions and mutual understanding among the
authors. Finally, themes were established if they were coherent
and represented the meanings found in the interviews [17].
Throughout the analytic process, all findings were discussed
and validated within the research group. In case of
inconsistencies, further discussions and reflections were used
for resolution.

Ethical Considerations
This study was approved by the Regional Committee for
Medical and Health Research Ethics (South-East ID: 2016-1476)
as a substudy of the previously described RCT. All included
patients provided written informed consent.

Results

General Findings
Ten patients with a median age of 65 years (range 46-72 years)
participated in the study (Table 1). More than half of the patients
were retired. The majority had participated in a 4-week inpatient
CR program or a 12-week outpatient CR program before
inclusion in the RCT. All patients had their own goals or tasks
related to exercise and physical activity. Additionally, 7 of the
patients had goals related to weight loss or maintenance of
bodyweight, and accompanying tasks were specific nutritional
advice learned or implemented in primary CR. The numbers
and types of goals are presented in Table 1. Nine of the patients
attended the interview as scheduled, while 1 was unable to
attend until 4 weeks after the follow-up assessment, due to other
medical and social appointments.

All patients in the study mentioned that they used the app for
preventive activities, such as exercise, physical activity, and
healthy nutrition, and, without exception, they found the app
easy to use. The patients’ experiences evolved within the
following 4 themes: (1) The person behind the app is crucial
for motivation and adherence; (2) The app as a commitment;
(3) The app as a path to independence; and (4) Suggestions for
improvements. The first overarching theme was abstracted to
subthemes.
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Table 1. Characteristics of the patients (N=10).

Value, n (%)Characteristic

Gender

9 (90)Male

1 (10)Female

Age distribution (years)

1 (10)40-49

2 (20)50-59

5 (50)60-69

2 (20)70-79

Civil status

8 (80)Married/cohabiting

2 (20)Single

Employment status

3 (30)Employed

6 (60)Retired

1 (10)Disability benefits

Disease

7 (70)Coronary artery disease

3 (30)Valve surgery

Type of cardiac rehabilitation

1 (10)One week

4 (40)Four weeks

5 (50)Twelve weeks

Smartphone

7 (70)iPhone

3 (30)Android

Number of goals

4 (40)One

6 (60)Two

Type of goal

9 (90)Exercise-related goal

7 (70)Weight loss/maintenance goal

The Person Behind the App is Crucial for Motivation
and Adherence
All patients in the study highlighted that the person behind the
app (the supervisor) was considered a prerequisite to succeed
with the intervention. However, this person cannot be just
anyone. The patients highlighted that the person must possess
a set of characteristics that primarily helps create a relationship
of trust between the supervisor and the patient, which helps to
make the app motivating and thereby helps the patient adhere
to healthy behavior. Personal characteristics of special
importance included engagement, professional competence,
care, and support.

You know, she is not just anyone, the fact is that she
gets involved and shows care and engagement in me
as a person. At least I perceive it as if she wants my
best, and she gives the advice that is for my best.
[Participant #1]

It is about the individual behind it, from whom you
can almost experience a kind of love, and a person
who is engaged in you. [Participant #10]

The following 3 subthemes evolved from this theme: (1)
individualized feedback, (2) follow-up based on own goals, and
(3) a lifebuoy in the event of unforeseen events. The person
behind the app was the common denominator for all 3
subthemes.
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Individualized Feedback
An important motivating factor, which was highlighted by all
patients in this study, was the individual feedback that each one
received throughout the study period. The person behind the
app made it possible to provide tailored feedback, advice, and
guidance, which seems to have been a success criterion. The
tailoring should be based on the patients’ individual condition,
the recent development, and the patients’ likes and dislikes.
This reinforces the feeling that the feedback is directed at the
individual and not in general. Several of the patients used other
general health apps during the intervention period. They pointed
out the difference between individual feedback and automated
feedback.

I do not really believe in apps providing feedback
automatically. So, this app is great because there is
a person providing the feedback, which means that
the feedback is directed solely to you. That is, I think
that is crucial, because this is what’s motivates me.
[Participant #8]

The fact that there was a physical person, that you
actually knew at the other end, who provided
individualized feedback and you had the opportunity
to communicate with, was extra motivating. This made
it easier to keep up the good work. [Participant #7]

Follow-up Based on Own Goals
The person behind the app enabled the follow-up to be based
on individualized goals, which most patients highlighted as
important to increase motivation.

I think that’s pretty essential (setting your own goals).
Of course, the more you personify this, the better it
is. And of course, following them then. However, those
goals could have been more nuanced. Maybe there
could have been a few more. [Participant #3]

A Lifebuoy in the Event of Unforeseen Events
Some of the patients experienced dramatic events that caused
a significant setback during the year of follow-up. They
expressed that for them, most likely, the app and follow-up had
been extra important for long-term adherence to healthy
behavior. In these cases, the patients mentioned that it was
absolutely crucial that there was a person behind the app with
whom they had an established and trustful relationship.

If I didn’t have the app, or should I say “her”….. If
I didn’t have her at that time, I think I would have
had extensive challenges getting to where I am
today…, so fast... I would probably have walked and
strolled a bit, but I would not have been able to
physically be where I am today. Because of that
(setback), I needed help in a proper way… not like
“you have to do this, and you have to do that.” …But
something motivating and encouraging, and that is
exactly what I got from her. [Participant #4]

Additionally, adjustments and flexibility in goal-setting
processes and the accompanying tasks were highlighted as
central. This seems to be particularly important following

dramatic events, when patients often must take one day at a
time.

For me it has certainly had an extra great
significance, because it was a bit like a crisis, and
she came out with suggestions for alternatives to the
goals I had set myself. [Participant #1]

The App as a Commitment
Several of the patients described that the app, and the follow-up,
provided a form of commitment. The commitment to the person
behind the app turned out to be the most evident.

To be honest, I did not want to disappoint the
supervisor, because she had been so motivating. So,
my wife said, “It doesn’t matter what I say, but when
she says it, then it is important.” So, maybe there`s
something in it. [Participant #4]

Several of the patients also expressed a commitment to the
research project as a motivating factor. However, the distinction
between the research project and the person behind the app was
not clear.

We also knew that we were part of a research project,
so you kind of felt it was a bit important what you
were doing. Or at least, it could make a difference to
her work. That she was involved, and that it was fun
to try to take it seriously…. and then, the idea with
that app and the follow-up was that you should
perform at your best level …. that was a good
motivation. [Participant #10]

Finally, the patients expressed that the app also gave a
commitment to themselves. To be challenged at their individual
level was highlighted as motivating. Some patients described
that they used the note function in the app and wrote a diary to
give themselves an extra challenge, beyond the one they
received from the supervisor.

I posted such a summary, that this week I have
completed 4×4 intervals, while this week I have had
pyramid intervals […]. So, it was a small summary
for each week, and I really appreciated it because it
was very nice to be able to scroll through, and it gave
a motivation to keep up the good work and to
challenge myself. It also gave me bad conscience if I
did not exercise enough. [Participant #7]

The App as a Path to Independence
The patients expressed that they experienced the downward
adjustment regarding frequency of comprehensive feedback,
also known as individualized feedback, as overwhelming and
a bit scary. Despite this, the downgrading was perceived as
important to increase independence while they at the same time
felt safe and supported on a regular basis. Additionally, they
knew they could easily get in touch with the supervisor if
needed.

Right away it was a little shocking, like “Oh? Is it
only once a month, now?” It was so nice with that
attention…. But then, sort of, yes, that was the deal.
I have reached a higher level…. Now, I must be more
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independent. […] I must keep it going by myself, so
in that sense it gives a natural transition. But I felt
like I had been living in a suite, a first-class suite,
and then suddenly, I was down to third class, sort of.
[Participant #10]

Most of the patients expressed that the feeling of safety that the
app gave them was important to promote and push themselves
to the activities that they needed to reach their goals. In
particular, when the frequency of the comprehensive feedback
was downgraded, this safety was extra important. Through the
9 months with less frequent follow-up, they got the chance to
experience that they were able to adhere to their program almost
by themselves.

So, at that time when the frequency was downgraded,
I was a bit alone. However, with that app and
follow-up, you have a direct link to the expertise in a
way, which is both reassuring and motivating. […]
It was a very good safety net, it`s like wearing a
parachute. You don’t have to use it, but you know it`s
there. [Participant #7]

Suggestions for Improvements
Despite the promising result in the RCT regarding the effect of
follow-up with the app, we also analyzed the qualitative data
to illuminate the potential for improvements to optimize future
interventions in the field of adherence. Overall, patients
expressed high satisfaction with the app and justified this with
the fact that it was easy to use. Most of the patients considered
the app to be a tool, enabling human interaction.

So, technology can’t replace people, but it is a helpful
tool [Participant #1]

Nevertheless, 2 suggestions for improvements clearly evolved.
This was related to ownership of own goals and self-perceived
goal achievement. Although most of the patients found it both
meaningful and motivating that the use of the app and the
follow-up were based on their own goals, ownership to some
of the patients’ goals could be questioned. Some of the patients
expressed that their goals were made by health care providers
at the CR center before completing CR. As a result, they did
not necessarily consider the goals to be their own. Additionally,
the opportunity to change goals along the way was raised as a
potential improvement. Unforeseen events may occur at any
time, which may affect the possibility of achievement and
ownership of previously set goals. This demands greater
flexibility in goal setting throughout the year. Finally, in the
RCT, patients in the intervention group were asked to rate
self-perceived goal achievement on a Likert scale (0-100)
weekly [12,13]. All patients in this study expressed that this
question was difficult to answer, and several of the patients
described the scale and question as abstract.

Discussion

Principal Findings
Our findings indicate that a supervisor who possesses special
characteristics is crucial to receive the full benefit of an app for
increasing adherence to healthy behavior after CR. Confidence
in the supervisor seems to be what enables other highlighted

functions and components of the app to be perceived as
motivating in relation to adherence. Other features of the app
highlighted by the patients were that the app made it possible
to provide individualized feedback and the use of the app was
based on own goals. Additionally, the app provided a form of
commitment, which proved to be of importance. Finally, to
succeed in the hard work of adherence to healthy behavior after
CR, patients highlighted the importance of gradually phasing
out the follow-up and feedback from the supervisor.

All patients in this study highlighted the importance of the
person behind the app. They described how their experiences
with the supervisor’s engagement, care, and support, as well as
professional competence promoted motivation to adhere to
healthy behavior. The trust-based relationship between the
patient and supervisor could be considered a prerequisite for
other components of the intervention promoting motivation to
adhere to healthy behavior. To our knowledge, no qualitative
studies evaluating patients’ experiences using apps have clearly
stated the essence of the person behind the technology. On the
other hand, this finding is not surprising, as a concept analysis
of adherence in the context of cardiovascular risk reduction
states that adherence implies active participation and
collaboration and is dependent on a concordant relationship
between the patient and the health care provider [18]. A trustful
relationship with a health care provider has been considered
crucial for establishing strong adherence to healthy behavior
[18]. An ongoing collaborative relationship between the patient
and the health care provider is considered one of the most
important attributes of successful adherence [19].

In this study, all patients experienced the feedback as
particularly meaningful because it was individually tailored.
Individual tailoring demands a person behind the app who
administers the feedback. Feedback has been emphasized in the
framework for the development of mobile technology use in
CR [5]. In particular, individualized feedback has been proposed
as a superior technique for long-term success [5,20], and may
reflect the attributes of ongoing support and collaboration with
a health care provider [18]. It may also reflect the supervisor’s
ability to influence the patients’ self-efficacy [21]. People with
high self-efficacy are more likely to believe that they can change
their behavior than people with low self-efficacy. A positive
association between self-efficacy and adherence to exercise has
been described in people with coronary heart disease [22]. This
is in line with a narrative review that states the importance of
self-efficacy in exercise adherence among patients with chronic
heart failure [23]. Exercise and exercise-based CR, which
improve physical function, seem to be beneficial in order to
increase self-efficacy in exercise adherence [23]. We also
believe that a prerequisite for the supervisor to succeed in
strengthening the patient’s self-efficacy using an app is patient
participation in an exercise-based CR program prior to the
follow-up with the app, as in our study. Patients in our RCT
were recruited from exercise-based CR programs. One of the
centers documented significant improvement in peak oxygen
uptake after a 12-week CR program [24], which is likely a great
booster of self-efficacy.

Another factor mentioned by most patients as important for
generating motivation was that the app and the follow-up
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provided a commitment. The commitment was 3 fold, where
the commitment to the person behind the app seemed to be the
strongest. However, commitment to oneself also evolved as an
important factor. The possibility of the app to aid in
self-monitoring worked as a personal challenge and was
described to be of value to adherence. We believe that this
finding can be understood in the light of the app providing
internal motivation. Internally motivated changes are considered
significant for success in adherence to long-term behavioral
changes [18,25].

Another attribute of successful adherence is experiencing the
achievements of one’s goals [19]. Most of the patients
mentioned that it was important that the app and the follow-up
were based on their own goals. Some even felt that this was
essential to promote motivation. Goal setting is established as
an effective technique in behavioral change, and setting specific
goals has been shown to be effective for increasing patients’
levels of physical activity after CR in terms of both frequency
and duration [20]. However, guidance in setting goals that are
small, important for the patient, specific, and achievable is
essential to succeed with the technique [26]. Even though both
CR centers included in this study considered goal setting with
the patient important and the supervisor was an experienced
physiotherapist from CR, some patients still mentioned an
absence of ownership to their goals. Goal setting seems to be
of great importance, and strategies for the implementation of
the process should be highlighted in future similar interventions
in the field of adherence. The importance of ownership to one’s
goals should not be underestimated. To maintain goals as a
motivating factor for adherence to long-lasting interventions,
there is a need for flexibility in terms of changing goals in line
with changing needs.

The use of behavior change theory in crafting interventions has
shown more powerful effects compared with interventions not
based on theory [27]. The same applies to technology-based
interventions. Applying behavior change theory is associated
with an increased likelihood of effects in technology-based
interventions [28]. The theoretical framework is important in
understanding how changes are achieved [28,29]. The
intervention evaluated in this study was based on the
transtheoretical model (TTM) of behavior change, also known
as the stages of change model [30]. According to this model,
behavioral change is a process that rarely occurs in a linear
manner [30]. Some of the patients experienced unforeseen events
resulting in setbacks during the process toward permanent
changes. They described the app and the tailored follow-up in
the setback stage as a lifebuoy that helped them come back on
the right track. The TTM emphasizes that setbacks in terms of
moving back to a lower stage of change, that is, from the stage
of maintenance to the stage of action or preparation, are more
common than unusual [30]. Further, the TTM emphasizes that
the need for support may be different at different stages and
should be tailored to increase the likelihood of successful
behavior change [30].

Interestingly, no patients suggested technical improvements of
the app directly. However, many patients mentioned that the
weekly rating (0-100) of self-perceived goal achievement was
difficult and pointless. Therefore, a concrete improvement of

the intervention would be the removal of this component.
Overall, the satisfaction with the intervention, including the
technical solution of the app, was high, and the use of the app
was high [12]. We believe that a reason for this was that the
RCT followed the Medical Research Council complex
intervention framework [29,31], that is, careful and structured
development of the intervention based on an evidence base and
a theoretical framework [11,32,33]. A greater degree of
ownership of goals was another suggestion for improvement.
This will be carefully assessed and taken into account in our
future planned implementation study. Additionally, we believe
that a potential improvement could be the assignment of the
patient’s supervisor based on the patient’s goals. For example,
it can be beneficial if the supervisor is a nutritionist when the
patient’s goals are primarily diet related. This was not explicitly
mentioned by the patients, but is based on the fact that more
than half of the patients had goals related to weight loss, and
results from the RCT did not demonstrate any statistically
significant effect on bodyweight [12].

It is difficult to state whether our findings are unique as few
comparable studies exist. However, a recently published
systematic qualitative grounded theory review aimed at
investigating the barriers to and facilitators of technology in
CR and self-management [34] supports our findings.
Background knowledge, ongoing support, and in-the-moment
understanding, as well as personalization and gamification were
concluded as facilitators [34].

Methodological Reflections and Limitations
The strength of this study is that patients from all 3 CR programs
were invited to participate in the interviews, which represented
the heterogeneity of patients in CR (both genders, younger and
older patients, and patients living in rural and urban areas). This
strengthens the credibility of the data. However, few women
and few patients who originally attended the 1-week CR
program were included. Their experiences are therefore
represented to a lesser extent when compared with that for men
and patients who originally attended the 4-week or 12-week
CR program. The project leader (PL) strived to recruit more
women and more patients originally from the 1-week CR
program, but due to the inclusion criterion of living nearby Oslo,
it was not possible. To ensure trustworthiness, all authors
collaborated on the data analysis. The fact that 5 researchers
conducted the analysis is expected to strengthen the
dependability and overall trustworthiness. The sample size can
be regarded as small, but the interviews were nuanced, and we
considered the material to be saturated after 8 interviews. This
view was also valid after 10 interviews when we decided to end
the data collection.

The purpose of qualitative research is directed toward providing
in-depth explanations and meanings rather than generalizing
findings [35]. The term “transferability” is used to express to
what degree the findings can be applied to other contexts. The
transferability of this study has to be judged by the reader. We
hope to have highlighted some phenomena that may have
relevance for comparable patient populations and situations,
such as app-based interventions aiming to promote adherence
to healthy behavior in patients with lifestyle diseases.
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Since the interviews were conducted after the end of the
intervention in the RCT, oversights and recall biases of relevant
experiences and suggestions for improvement cannot be ruled
out. Interviews during different phases of the intervention (ie,
after 3, 6, and 12 months) could have resulted in more accurate
snapshots of the patients’ experiences.

Regarding the positions and preconceptions of the researchers,
the first author’s first-hand experiences with the intervention
through being the project coordinator and supervisor for all
patients included in the RCT may have had an influence. For
example, the overall idea of evaluating patients’ experiences
and thereby the choice of the research question was based on
regular feedback from patients during the RCT. Further, the
engagement of 2 authors (AB and BBN) in the RCT, which this
study builds on, may also have had an influence. Even though
all the authors have professional and research interests in the
field of health science, there was diversity among author
backgrounds (physiotherapy and dietetics), as well as diversity
in relation to author experiences with the use of technology and
their previous engagement in the RCT. This led to interesting
discussions and enhanced reflexivity [36]. The overall
experience of the researchers of this study most likely indicates

that there were certain things that we took for granted. However,
it also means that we were well positioned to understand the
context and to perform the study [37].

Conclusions and Implications
Overall, appreciation of the person behind the app turned out
to be a consistent finding. This person seems to promote
motivation in general and seems to enable other known
behavioral change techniques to be motivating, such as feedback
and goal setting. Therefore, the person behind the app (the
supervisor) seems to be one of the main reasons for the high
acceptance and use of the app, and consequently, is important
for the results in the RCT. We therefore conclude that health
care providers should actively participate in the patients’process
of adherence and that the use of the app should not be considered
a substitute but a reinforcement in motivational work to promote
adherence to healthy behavior after CR. Future development of
interventions in the field of adherence should therefore strive
to create tools that enable an ongoing collaborative relationship
between the patient and the health care provider; provide
follow-up based on patients’ own goals, of which they have
ownership; and provide feedback and support to patients at the
stage of change, at any given time.
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Abstract

Background: A major factor in the success of any search engine is the relevance of the search results; a tool should sort the
search results to present the most relevant documents first. Assessing the performance of the ranking formula is an important part
of search engine evaluation. However, the methods currently used to evaluate ranking formulae mainly collect quantitative data
and do not gather qualitative data, which help to understand what needs to be improved to tailor the formulae to their end users.

Objective: This study aims to evaluate 2 different parameter settings of the ranking formula of LiSSa (the French acronym for
scientific literature in health care; Department of Medical Informatics and Information), a tool that provides access to health
scientific literature in French, to adapt the formula to the needs of the end users.

Methods: To collect quantitative and qualitative data, user tests were carried out with representative end users of LiSSa: 10
general practitioners and 10 registrars. Participants first assessed the relevance of the search results and then rated the ranking
criteria used in the 2 formulae. Verbalizations were analyzed to characterize each criterion.

Results: A formula that prioritized articles representing a consensus in the field was preferred. When users assess an article’s
relevance, they judge its topic, methods, and value in clinical practice.

Conclusions: Following the evaluation, several improvements were implemented to give more weight to articles that match the
search topic and to downgrade articles that have less informative or scientific value for the reader. Applying a qualitative
methodology generates valuable user inputs to improve the ranking formula and move toward a highly usable search engine.

(JMIR Hum Factors 2022;9(1):e30258)   doi:10.2196/30258
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Introduction

Background
The evolution of the World Wide Web from a static network
(Web 1.0) to a semantic web (Web 3.0) is ever more palpable
[1]. The semantic web provides access to information in billions
of heterogeneous documents in various formats, stored on
different operating systems, and references among others to
varying extents. This opens up a range of possibilities such as
facilitating rapid access to targeted data [1]. However, the
challenge for health care professionals is to identify relevant
documents in this ocean of data [2,3].

In this context, search engine evaluation and improvement are
key issues [4]. As soon as the discipline of information retrieval
was established, researchers started to combine structured
evaluation methods. For example, the Cranfield method
(developed in 1962 [5]) soon became a benchmark for evaluating
information retrieval and the Text Retrieval Conference has
encouraged initiatives in information retrieval since 1992 [6].

Since then, the methods for evaluating information retrieval
have diversified to meet a broader range of objectives. There
are two main types of evaluation: system-oriented evaluations
[4,7] that focus on search engine optimization (search efficiency,
recall, accuracy, etc) and user-oriented evaluations [4,7,8] that
seek to improve the user experience and search engine’s value
(usability, expressivity, relevance, etc). One of the most
important factors, perhaps the most important factor for search
engines, is the relevance of search results [9].

There are two main definitions of relevance [10]: objective
relevance (ie, the search result contains the submitted keyword)
and subjective relevance (ie, the search result satisfies the user).
Subjective relevance can then be subdivided into four main
categories [10]: topical, situational, motivational, and affective.
Topical relevance is the most studied type [4,8] and is the
subject of this study; it was defined by Harter [11] as “how well
the topic of the information retrieved matches the topic of the
request.”

It is possible to evaluate topical relevance by involving users
(eg, when relevance is rated by one or more expert or nonexpert
participants) [12,13] or without their involvement (eg, in batch
evaluations, such as the Cranfield method). Conventional
methods for evaluating the relevance or performance of search
engines are mostly based on comparisons between several
formulae or a comparison with a gold standard. These
comparisons are performed with quantitative data (mostly
judges’ ratings) [4,14,15]. This method generates a large amount
of data. The evaluation is quick and can be performed remotely.
Thus, it is possible to include a large number of judges and test
a large number of search queries. However, this method does
not provide qualitative data, information on why a formula fails,
or information on how to improve a formula’s performance.

Some studies have included user feedback, that is, the collection
of qualitative data on perceived relevance and judgment criteria
[16,17]. However, to the best of our knowledge, most of these
studies sought to model and understand users’ relevance
judgments rather than to evaluate and improve existing ranking

formulae. This is a shortcoming of current methods for
improving sorting formulae. Qualitative methods should also
be used to identify the strengths and weaknesses of formulae.

In human factors research, it is well known that participative
methods (notably user-centered designs involving users at each
step in the design process [18]) improve the usability of a
product before implementation in real settings. If users are not
involved in the design process, their needs are often hypothetical
and come from designers’own representations of the field [19].
The tools thus created may not correspond to the users’ true
needs and habits, which typically creates usability problems.
Iterative evaluations are needed to improve effectiveness,
efficiency, utility, acceptability, end user satisfaction, and (in
health care) the safety of health care professionals and patients
[20-22]. A proven method is user testing (also known as
usability testing), which “calls for representative users to
perform representative tasks as a means to reveal the interactive
strengths and opportunities for improvement of a device” [23].
When coupled with the think-aloud method, a verbal report
method from cognitive psychology that provides information
on the cognitive behavior of participants performing a task [24],
user testing collects valuable qualitative data about users’
behaviors and needs. Given that the user and moderator can
interact during the evaluation, the user’s behavior and
verbalizations can be investigated directly and may help clarify
the user’s responses.

With a view to prompting further design innovations, we
describe here the formative assessment of the sort by relevance
function of a health care literature search engine. Taking a
broader view, we developed a 2-step methodology that lies
between a conventional information retrieval approach (for
evaluating the relevance of search results) and a conventional
human factors approach (for evaluating the usability of a new
technology). With the objective of improving the ranking and
moving toward a useful, usable search interface, we collected
data on the performance of 2 sort by relevance formulae and
on their strengths and weaknesses. We focused on the value of
active end user involvement in this evaluation as a means of
improving topical relevance in comparison with common
evaluation methods used in the field.

Study Context
This study was part of a broader research program funded by
the French National Research Agency. The objective of the
project is to develop a health care literature search engine LiSSa,
the French acronym for scientific literature in health care
(LiSSa.fr [25]). The particularity of the search engine is that
both the interface and content are entirely in French.

PubMed is the most widely used search engine for scientific
literature on health care. It is an important tool for all health
professionals, for lifelong training and for updating their
knowledge. However, English is a hindrance to reading by many
French health care professionals [26]. French professionals are
often not sufficiently fluent in English to read scientific articles.
For these professionals, the lack of tools in French that allows
them to find scientific literature in their native language is an
obstacle to updating their medical knowledge and continuing
education [26]. LiSSa is a French language tool that provides
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access to French scientific literature on health to people who
are not specialized in scientific research and who do not
understand English well enough. The main target users are
general practitioners (GPs) and hospital registrars for continuing
education, updating knowledge, and helping them find scientific
articles to solve medical issues. In short, the tool helps them in
the context of daily practice outside any academic or institutional
environment. LiSSa currently encompasses over 1,300,000
French scientific references provided by various publishers and
sources, among which the PubMed database (US National
Library of Medicine [NLM]) accounts for 53% and publisher
Elsevier accounts for 23% (18% without overlap).

The project is led by the Department of Medical Informatics
and Information (D2IM). This department from the Rouen
University hospital specializes in eHealth, more precisely in
knowledge representation (terminologies, ontologies, etc) and
information management (databases and search engines). The
D2IM design team comprises physicians, librarians, and
computer scientists. Their previous work includes Catalogue

and Index of French Language Health Resources on the Internet
and the Health Terminology and Ontology Portal [27,28], both
available on the web. D2IM created the LiSSa database and
designed the graphical user interface for the tool. The other
academic partner is the Clinical Investigation Centre for
Innovative Technology (for Clinical Investigation Centre for
Innovative Technology in French) of the Lille University
Hospital, an academic research laboratory that works to improve
the design and evaluation of innovations in health care and is
responsible for the usability assessments of the tool. In total, 3
companies were partners in the project: Elsevier Masson, one
of the world’s leading science publishers, and the French
start-ups Alicante and Sensegate. The LiSSa.fr [25] website
(Figure 1) was published in 2014 [29]. Initial evaluations by
GPs revealed a lack of relevance to the search results. They
considered that the sorted results did not present the most
relevant articles first; the top-ranked articles were often of little
practical value, too old, or not representative of the topic.
Specific work to improve the sorting of results needs to be
conducted.

Figure 1. A screenshot of a search results page of LiSSa.fr [25].

The most commonly used search engines use several criteria to
rank database search results: the match between the keywords
used and the metadata, the number of views, and contextual
data (such as the user’s previous search or geographic location)
[30-32]. However, the best results are typically obtained using
a combination of ranking criteria. With regard to the LiSSa
search engine, D2IM considered two ranking formulae, A and
B, which differed in the weight attributed to the same set of
criteria:

• Formula A prioritizes recent novel articles by assigning
more weight to the publication year.

• Formula B prioritizes general articles that represent
consensus in the field (literature reviews, meta-analyses,
etc) by assigning more weight to the publication type.

The formulae’s weighting criteria are listed in Table 1. All these
criteria are based on metadata retrieved from publishers and
PubMed (produced by the NLM) [26]. For papers not indexed
in PubMed, metadata were automatically generated with a set
of indexing terms from the NLM’s controlled vocabulary, used
to index articles in the biomedical field (MeSH [Medical Subject
Headings] thesaurus) [33].
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Table 1. Weighting of each criterion in the ranking formulae A and B.

Weighting for formula BWeighting for formula ACriterion

1010Title

1010Subtitle

55Author keywords

44Major MeSHa termsb

11Minor MeSH terms

33Nonexploded indexing

11Exploded indexingc

33Manual indexingd

11Automatic indexing

10 for the current year and −0.6 for
each year in the past

10 for the current year and −2 for
each year in the past

Year of publication

30Type of publication; for example, good practice guidelines, consensus
statements, directives, literature reviews, and meta-analyses

aMeSH: Medical Subject Headings.
bIn the field of biomedicine, articles are often indexed according to the MeSH thesaurus. LiSSa considers the MeSH terms to be major when they
correspond to one of the article’s main themes or minor when they correspond to one of the article’s subthemes.
cThe MeSH thesaurus is structured like a tree; an MeSH term typically has several hierarchical levels above and below it. For example, asthma belongs
to the bronchial diseases category and one of its narrower terms is status asthmaticus. A search for asthma will thus also find an article indexed as status
asthmaticus but the latter will be less weighted because indexing is said to be exploded.
dSome documents are indexed by a National Library of Medicine indexer; this is referred to as manual indexing. Other documents are indexed by text
mining tools, which is referred to as automatic indexing. Manual indexing is considered to be more accurate and efficient than automatic indexing.

Objectives
The goals of this study are to (1) determine which formula (A
or B) is associated with the greatest topical relevance and (2)
adjust the ranking formula’s criteria to meet the target end users’
needs more closely.

Methods

Overview
To evaluate the ranking formulae, we conducted formative user
testing, which consisted of directly observing users using the
tool in a controlled situation. It is a well-known method used
in human factors to collect user behaviors and identify their
needs [24].

Here, the user tests were conducted in two steps:

1. User evaluations of the two ranking formulae: the
participants had to rate the relevance of search results
produced by the two ranking formulae, while justifying
their ratings. This step enabled us to determine which
formula was associated with the greatest topical relevance.

2. Data collection for improving the ranking formulae: the
participants had to rate the ranking criteria used in both
formulae A and B and some additional criteria in terms of
establishing an article’s relevance (from the most important
criterion to the least important). Coupled with the users’
verbalizations when rating relevance, these data enabled
us to adjust the ranking formula’s criteria and thus develop

a formula that, in principle, would match professionals’
needs more closely.

Step 1: Comparison of the 2 Ranking Formulae

Data Collection
LiSSa.fr [25] search logs were searched to identify the most
frequent queries made by users. Among them, 2 were selected
by a GP from the project consortium for their potential clinical
value for the participants. Half of the participants (10/20, 50%)
used the search query 1 (treatment-resistant depression) and
the other half used search query 2 (sleep apnea syndrome; Table
2).

To compare the performances of ranking formulae A and B,
each participant successively evaluated the search results
generated by formulae A and B for the same query. The order
of presentation of the formulae was counterbalanced to avoid
order effects (Table 2). Participants were asked to perform their
search query with LiSSa and then rate the relevance of the first
10 search results on a 5-point Likert scale ranging from 1 (not
at all relevant) to 5 (highly relevant). For each result, the users
had to justify their choice (eg, the article was too old or
off-topic). The verbalizations for each rating were recorded.

After using both formulae, the users were asked to rate their
overall level of satisfaction on a 7-point Likert scale ranging
from 1 (“I am not at all satisfied with the search results”) to 7
(“I am fully satisfied with the search results”). For greater
discriminative power, we chose to use a 7-point scale.
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Table 2. Distribution of the participants according to the order in which the formulae and the predetermined search queries were presented (N=20).

Registrar participants, n (%)General physician participants, n (%)Order of tested formula and predetermined search query

Tested formula A, then B

2 (10)3 (15)Query 1

3 (15)2 (10)Query 2

Tested formula B, then A

3 (15)2 (10)Query 1

2 (10)3 (15)Query 2

Data Analysis
To check whether the query (query 1 vs query 2) and type of
participant (GPs vs registrars) variables did not have an effect,
a Mann–Whitney U test for independent samples was performed
on the difference in scores between the formulae A and B.

To compare the user-perceived relevance for each formula, a
Mann–Whitney U test for matched samples was performed on
the three data sets:

• The scores given to the first 10 articles.
• The normalized discounted cumulative gain (NDCG) [34]

was calculated from article scores. NDCG is an equation
that calculates a score between 0 and 1; it evaluates the
relevance of the article ranking using the scores given by
the participants. Hence, the NDCG is close to 1 when the
highest-rated articles are presented before the lowest-rated
articles and, on the contrary, is close to 0 when the formula
presents low-rated articles first and high-rated articles last.

• The overall satisfaction score awarded by the user at the
end of the testing.

All statistical analyses were performed using R software (R
Foundation for Statistical Computing) [35]. The threshold for
statistical significance was set at P<.05 in all tests.

Participants’ verbalizations when justifying their scores were
thematically analyzed [36]. This analysis enabled us to identify
the strengths and weaknesses of each ranking formula, based
on positive or negative comments. Each theme was counted
once for each participant.

Step 2: Prioritization of the Ranking Criteria

Data Collection
To improve the relevance of the ranking formulae and refine
the criteria and their respective weightings, the participants were
shown a list of criteria on separate cards, with the name of the
criterion on one side and its explanation (that the user could
consult, if required) on the other side (Table 3). The criteria
were presented in random order for each participant. Additional
explanations were provided upon request. The list contained
both the criteria already included in formulae A and B and
several other potentially relevant criteria.

The users were asked to classify the criteria by order of
importance and to justify their choices. The justifications for
each criterion were noted by specifying the item’s valence
(positive or negative comments).
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Table 3. List of the criteria shown to the participants.

ExplanationName

The keyword is present in the article’s title.Title

The keyword is present in the article’s subtitle.Subtitle

The keyword is present in the author keywords.Author keywords

The keyword is present in the article’s abstract.Abstract

The keyword is present in the major MeSH term.Major MeSHa term

The keyword is present in the minor MeSH term.Minor MeSH term

Points are awarded if the indexing is not exploded (the keyword is the same as the MeSH term) vs exploded indexing
(the keyword is found among the narrower MeSH terms).

Exploded indexing or notb

Points are awarded if the indexing is manual (performed by a National Library of Medicine indexer) rather than au-
tomatic (performed by text mining).

Manual or automatic indexing

Points are subtracted if the indexing qualifier is specified: for example, with asthma/diagnosis, the article will deal
only with the diagnosis of asthma and not with asthma in general.

Association with a qualifier

Points are awarded as a function of the article’s year of publication: the more recent it is, the more points it will be
awarded.

Year of publication

Points are awarded if the article is a literature review, a good practice guideline, a consensus statement, a directive,
or a meta-analysis.

Type of publication

Points are awarded if an abstract in French is directly available on LiSSa (ie, without having to visit the journal’s
website).

Presence of an abstract

Points are awarded as a function of the journal’s impact.The journal’s importance

aMeSH: Medical Subject Headings.
bThe MeSH thesaurus contains qualifiers that can be linked to each keyword to make it more precise. For example, the index entry asthma can be
specified by the qualifier diagnosis (asthma/diagnosis), to tell the reader that only the diagnosis of asthma is addressed in the article, and not its other
aspects (treatment, complication, etc).

Data Analysis
We analyzed the classification of the ranking criteria by
calculating the mean and median ranks for each criterion.
Kendall W was used to evaluate the degree of interrater
agreement.

Participants’ verbalizations were analyzed to characterize each
criterion’s positive qualities (ie, why the user wanted to include
it in the ranking formula) or negative qualities (ie, why it should
not be taken into account or only partly in the formula).

Test Participants
Calls for participation were made by the Department of General
Practice and Family Medicine of the University of Lille by email
to recruit GPs. Announcements were made during registrar
classes, and calls for participation were posted in discussion
groups and on social media pages to recruit hospital registrars.
The only recruitment criterion was the profile of the participant
(GP or registrar).

A total of 10 GPs and 10 registrars (ie, LiSSa’s target users)
participated in the tests. They volunteered to participate, and
no compensation was paid for their participation.

All sessions were filmed and subsequently analyzed offline by
a usability engineer. The participants accessed LiSSa via a
computer with an internet connection.

Ethics Consideration
This study is a human and social science study. The French law
governing ‘research involving the human person’ exempts
human and social science studies from requiring approval from
an ethics committee. Written informed consents were obtained
from each participant before they took part in the study.

Results

Participant Characteristics
The characteristics of the participants are shown in Table 4.
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Table 4. Participant characteristics.

Self-reported frequency of use of a search engineNumber of years of practice (including internship
semesters for registrar)

Age (years)ProfileParticipant
number

Frequently229GPaP1

Frequently028GPP2

Frequently2.530GPP3

Frequently2655GPP4

Frequently2956GPP5

Frequently3068GPP6

Frequently1653GPP7

Not often2553GPP8

Frequently2755GPP9

Frequently533GPP10

Never0.524RegistrarP11

Never0.526RegistrarP12

Never428RegistrarP13

Frequently1.526RegistrarP14

Not often430RegistrarP15

Frequently226RegistrarP16

Frequently1.528RegistrarP17

Not often1.525RegistrarP18

Frequently4.531RegistrarP19

Not often529RegistrarP20

aGP: general practitioner.

Step 1: Comparison of the 2 Ranking Formulae
Our statistical analysis did not show a significant effect of query
(treatment-resistant depression vs sleep apnea syndrome;
W=4935; P=.87). Similarly, the type of participant (GPs vs
registrars) did not have a significant effect (W=5071.5; P=.86).
Therefore, a single user group (all 20 participants) was
considered in the subsequent statistical tests.

Statistical tests showed that formula B was preferred to formula
A with regard to all 3 end points (Table 5).

The analysis of the participants’ verbalizations confirmed this
finding (Figure 2). Formula A attracted more negative
comments: more participants expressed that the articles were

not useful in practice, off-target, or too specific to a given
population. Concerns about an article’s recentness were rarely
expressed, although 15% (3/20) of the participants thought that
at least one article presented by formula B was too old (Figure
2).

Most participants (14/20, 70%) preferred formula B, notably
because the articles’ topics were general and did not focus on
a specific population (Figure 3). However, 30% (3/10) of GPs
and 10% (1/10) of registrars preferred formula A because
formula B presented trivial articles that taught them nothing
new.

This phase of the evaluation prompted us to conclude that
formula B best met participants’ expectations.

Table 5. The mean and median ranking scores, the normalized discounted cumulative gain (NDCG), and overall satisfaction scores for formulae A
and B (N=20 participants).

P valueW valueFormula BFormula A

.023518.53.82 (4-3.5)3.57 (4-2.5)Main ranking score, median (IQR), out of 5

.0170.97 (0.99-0.94)0.87 (0.95-0.83)Main NDCG, median (IQR), out of 1

.0127.55.8 (6-5.6)4.7 (5-4.6)Overall satisfaction score, median (IQR), out of 7
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Figure 2. Types of negative verbalization about the articles for formula A or formula B; the number of participants is stated.

Figure 3. Distribution of the overall satisfaction score for formulae A and B (left panel), and the number of participants who gave formula A a higher,
equal, or lower score than formula B (right panel).

Step 2: Prioritization of the Ranking Criteria
In step 1, dealing with the formulae and search result scores
enabled users to evaluate the formulae’s strengths and
weaknesses. Because of the criteria ranking process, step 2
refined the users’ needs by moving out of the context of the
present formulae and predetermined search queries. This part
of the study enabled us to adjust formula B and thus make it
more closely match the users’ needs. Of the 20 participants, 2
(10%) did not perform this step; hence, 18 (90%) participants
(9 GPs and 9 registrars) prioritized the criteria.

The participants’mean and median criterion rankings are shown
in Table 6.

Given that the absence of an effect of participants had not been
demonstrated for this data set, GPs and registrars were
considered separately. There was a low but statistically
significant degree of agreement among the GPs (W=0.46;
P<.001; r=.39) and registrars (W=0.35; P<.001; r=.27). Despite
this low agreement, clear trends emerged in the criteria rankings
(Figure 4):

• Participants considered the title to be the most representative
relevance criterion; it was one of the elements they looked
at first, and it was thought to reflect the research rather well.

• After the title, the users looked for the presence of the query
keywords in the Abstract, author keywords, and subtitle.

• Publication type was an important criterion because it
enabled the selection of the most reliable articles (ie, those
with a higher level of evidence). Participants gave low
ratings to the editorials and letters.

• The year of publication is controversial. Some users judged
it to be important because it reflected the latest advances,
whereas others considered it to be highly dependent on the
topic of the search query. Older articles are still used as
benchmarks for practice in some fields.

• The remaining criteria were judged to be of secondary
importance, albeit occasionally of value in differentiating
between 2 articles with the same score. For example, articles
describing more general studies were preferred to those
describing more specific studies (exploded indexing and
associated with a qualifier).
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Table 6. Mean and median criterion ranks (n=18 participants).

Median rank (IQR)Mean rankCriterion

1 (1.87-1)1.8Title

3 (5-3)4.5Abstract

4 (6.75-4)5.0Author keywords

4 (6.75-2.25)5.7Subtitle

6 (7.38-5)6.1Type of publication

6 (8-5)6.5Major MeSHa term

7.5 (10-5.25)7.8Year of publication

7.8 (11.5-4)8.1Presence of an abstract

9 (11-6)8.1Manual or automatic indexing

9 (11-7.62)8.6Associated with a qualifier

10 (11-8)9.3The journal’s impact

10 (12-7.63)9.9Exploded or nonexploded indexing

10.8 (11.75-9)9.9Minor MeSH term

aMeSH: Medical Subject Headings.

Figure 4. Boxplots of the scores (from 1 to 13) for each criterion. MeSH: Medical Subject Headings.

Discussion

Principal Findings
The overall objective of this paper is to present the value of
using the user testing method to collect both quantitative and
qualitative data, and to actively involve end users through an
example of the evaluation of sorting formulae. A total of 2
formulae for ranking search results were evaluated to design a

ranking formula that met the needs and expectations of the GPs
and hospital registrars.

The first part of the study (scoring the relevance of both
formulae’s search results) enabled us to compare the respective
ranking efficiencies and participant preferences. Of the 20 users,
14 (70%) preferred formula B. These users liked articles that
formed a consensus in the field, that is, reviews and
meta-analyses that; for example, contained peer-approved
definitions. Case reports and publications on highly specific
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elements (eg, a subcategory of patients) were judged to be of
little use in practice. Of the 20 participants, 4 (20%; 3 GPs and
1 registrar) preferred formula A; the search results were more
recent (ie, covering the latest theories or discoveries), although
the level of evidence was lower. It is noteworthy that the more
experienced GPs tended to be less interested in general articles
because the latter taught them nothing new about their practice.
A single ranking formula cannot meet all possible needs and
expectations, so the user should be given a means to personalize
the interface [37].

The second part of our study generated data on the perceived
importance of the ranking criteria. Unquestionably, the ranking
criteria judged by the participants to be the most valuable were
those related to text data, that is, the match between the article’s
metadata and the user’s search query. Thus, criteria such as title,
abstract, author keywords, and major MeSH terms were often
rated as the most important. The other criteria (ie, the presence
of an abstract, affiliation with a qualifier, and exploded
indexing) were judged to be useful, albeit mainly for
differentiating between articles that already met the other
criteria. The type of publication criterion was considered
interesting because it highlighted the most reliable articles.
Finally, the year of publication was a controversial criterion,
the usefulness of which depended on the user’s search purpose.

In view of the results, formula B was selected for further study.
Owing to our analysis of the verbalizations given during the

formulae and criteria ranking steps, we were able to produce
several adaptations of this ranking formula to better meet the
users’ needs (Table 7). Each proposal was discussed between
the Clinical Investigation Centre for Innovative Technology
evaluation team and the design team of D2IM until they
eventually reached a consensus. The opportunities for
improvement, justifications, and state of implementation are
listed in Table 7.

The main changes were the addition of the keyword in the
abstract criterion and modification of the type of publication
criterion. In addition to promoting consensus articles in a given
field (eg, meta-analyses and literature reviews), the type of
publication criterion downgrades articles that have little
informative or scientific value for the reader (errata, questions
and answers, personal narratives, etc). Another improvement
discussed with the project partners was to provide the option to
personalize LiSSa’s relevance ranking formula; for example,
by manually adding customized search criteria or by
automatically learning from users’ data to determine their
preferences. Another approach for creating ranking formulae
is machine learning based on the analysis of large quantities of
user data [14]. Ultimately, it would be interesting to assemble
this type of data for LiSSa and thus determine whether machine
learning–based ranking formulae would differ from the formulae
assessed in this study.
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Table 7. Adaptations of the ranking formula, the associated justifications, and their state of implementation.

State of implementationJustificationOpportunity for im-
provement

Criterion

In total, 3 points have been attributed to this criteri-
on.

Currently, the abstract is not considered at all, even
though (on average), it was the second most impor-
tant criterion, right after the title. However, the ab-
stract is less strictly controlled than the author

keywords and the MeSHa indexing, giving it less
weight that the latter.

Take account of the
keyword’s presence
in the abstract.

Abstract

The number of points attributed to this criterion has
dropped from 10 to 8.

The subtitle had the same weighting as the title (ie,
10) but was judged to be less important by the par-
ticipants because it was less useful.

Lower is the weight
attributed to the key-
word’s presence in
the subtitle, relative
to its presence in the
title.

Subtitle

A subcriterion had been added to the type of publi-
cation criterion. As well as awarding 3 points to
certain publications, it removed 1 point for errata,
questions and answers, personal accounts, portraits,
commentaries, historical articles, editorials, letters,
and case reports.

The type of publication criterion in formula B favors
certain types of publication. The users recommend-
ed downgrading the types of publication of little
practical interest for the users (eg, editorials, errata,
historical articles, and letters).

Add a subcriterion
to downgrade types
of publication
judged to be irrele-
vant by the users.

Type of publication

One point is added when the subject heading is not
associated with a qualifier.

To prioritize articles that generally address the
search subject in first search results, adding the as-
sociated with a qualifier criterion was recommend-
ed. Thus, subject headings without a qualifier will
be favored, except when the qualifier is also one of
the user’s keywords.

Promote subject
headings without a
qualifier, except
when the keyword is
a qualifier.

Associated with a
qualifier

This item has not yet been incorporated into the
LiSSa database. At present, this information is
available for only 30% of articles; it will therefore
be necessary to determine the relevance of integrat-
ing this criterion into the formula.

This criterion is not of major importance to users
but can be useful for differentiating between 2 arti-
cles with the same score. It was recommended that
this criterion should be taken into account when
calculating the scores but should not be given much
weight.

Add this criterion
but do not give it
much weight.

The journal’s impact

This recommendation needs to be tested because it
might have a negative effect on ranking the search
results; it might overprioritize the articles with a
large number of indexed keywords (>20, in some
cases), relative to articles with few keywords.

During the tests, some publications considered by
the participants to be off-topic were listed in the
top search results (eg, an article on bipolar depres-
sion for the query on treatment-resistant depres-
sion). To limit the risk of seeing off-topic publica-
tions in the top search results, it was recommended
to add points awarded for the title and major or
minor MeSH term criteria.

Add the points
awarded for the title
and major or minor
MeSH term criteria.

Operation of the
ranking formula

aMeSH: Medical Subject Headings.

Strengths and Limitations
The main advantage of formative assessment through user
testing is that the study data are useful in the design process.
The first step (where participants were asked to score the search
results) enabled them to become familiar with the types of
articles suggested by LiSSa and to think of the criteria that were
important to them when judging an article’s relevance. As the
rating of an article had to be justified, users had to become
conscious of their judgment criteria. This first step also enabled
us to identify the strengths and weaknesses of existing formulae.
In step 2, the criteria ranking and the participants’ justifications
helped us determine which criteria most strongly influenced the
target users’ perception of relevance. When coupled with the
strengths and weaknesses detected in step 1, these data enabled
us to adjust the ranking formula’s criteria, and thus to develop
a formula that should better meet health care professionals’
needs. This combined methodology allowed us to evaluate the

formulae’s performance, collect user needs and habits, and
evaluate the relevance of the articles found by the search engine.

In a user-centered design process, iterative evaluation during
the design phase helps improve the tool before the final
evaluation [18]. In contrast to more common methods [4,8],
user testing is a relevant way to look for user inputs in the design
of the article ranking formula. Typical methods for evaluating
search engine relevance generally compare several ranking
formulae; for example, a new ranking method against an old
one [14,15]. In these 2 articles, the method used involved a large
number of judges, which ensured good robustness of the results.
The aim of comparing 2 ranking methods was achieved, but no
additional information was obtained to improve the relevance
of the results. These methods did not capture the reasons why
the search results were judged to be more relevant by the
participants or the criteria that participants used to assess
relevance. Collecting and analyzing participants’verbalizations
during user testing allowed us to understand the strengths and
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weaknesses of the tested formulae and to look for improvements
suggested directly by end users. Even if this method is applied
here in the context of a French language health scientific
literature search engine, it can be used for any type of ranking
formula.

Nevertheless, this study had some limitations. Formative
assessments generate data to improve a formula’s design but
do not validate a formula per se. Several criteria must be fulfilled
for reliable and robust validation: the size of the test collection,
the number of judges, the number of queries, and so on, [7,38]
which a formative evaluation cannot fulfill. In total, 10 GPs and
10 registrars participated in this study. Moreover, as LiSSa is
already on the web, user feedback shows that other health care
professionals are using the tool (nurses, specialist physicians,
physiotherapists, etc): different users might have different needs.
The results are not generalizable and do not validate the formula.
Therefore, a larger-scale evaluation with a larger number of
participants and a broader range of user profiles is needed to
evaluate and validate the final version of the formula.

Finally, a significant limitation of all approaches aimed at
improving search result ranking formulae relates to the quality
and availability of metadata. The level of topical relevance does
not depend solely on identification and weighting; for each
criterion, the data must be tagged for each article in the database.
If this is not performed, the addition of a criterion may have
very little impact on the result ranking or may even degrade the
quality of the result ranking. During this evaluation, the criteria
used were based on metadata available in the LiSSa database.
We can assume that a change in the available metadata would
have opened new opportunities for ranking search results, and
therefore, would have impacted the study results. During our
tests, we asked the participants whether criteria other than those
presented should be added. Several criteria had been suggested
(ie, type of population, medical specialty, methodology, etc),
but none can yet be considered for inclusion because the related
metadata are not available or are not of high enough quality or

coverage for reliable incorporation in the formula. This was
also the case for the criteria presented during the study. Some
criteria presented during the second step of the study were
interesting to users but could not be implemented directly after
the evaluation. For example, journal importance metadata were
available for >30% of the articles included in the LiSSa
database, which prevented us from implementing this criterion.
Nevertheless, the identification of new criteria has challenged
the design team to add metadata and complete the formula using
new criteria in the near future.

The LiSSa database contains various types of publications from
thousands of journals and hundreds of publications. Each
publisher has its own rules for tagging articles because they do
not address the same indexing objectives [39]. Therefore, the
creation of a database of over a million articles is already a
challenge, particularly with regard to harmonizing metadata of
different types and formats. Thus, the reuse of metadata is an
objective, within which the ranking of results is just one of many
challenges. This reveals the need for a true debate among all
stakeholders (ie, publishers, institutions, and users) about
standardized indexing that meets various objectives (eg, ranking
and archiving).

Conclusions
To conclude, LiSSa is a tool intended for practitioners who are
not specialized in scientific research and who do not speak
English. This study highlights the need of these end users to
improve the topical relevance of the first top-ranked results.
The assessment of the LiSSa search engine’s result ranking
formulae enabled us to draw a list of recommendations for a
ranking formula that would meet the ranking needs of GPs and
hospital registrars. In the next step of the project, we will assess
the relevance and appropriateness of the redesigned ranking
formula with regard to user needs and expectations. To this end,
we shall conduct tests with a new panel of users that includes
more types of health care professionals.
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Abstract

Background: The variability in physicians’ attitudes regarding electronic health records (EHRs) is widely recognized. Both
human and technological factors contribute to user satisfaction. This exploratory study considers these variables by comparing
emergency medicine physician experiences with EHRs in the United States and Norway.

Objective: This study is unique as it aims to compare individual experiences with EHRs. It creates an opportunity to expand
perspective, challenge the unknown, and explore how this technology affects clinicians globally. Research often highlights the
challenge that health information technology has created for users: Are the negative consequences of this technology shared
among countries? Does it affect medical practice? What determines user satisfaction? Can this be measured internationally? Do
specific factors account for similarities or differences? This study begins by investigating these questions by comparing cohort
experiences. Fundamental differences between nations will also be addressed.

Methods: We used semistructured, participant-driven, in-depth interviews (N=12) for data collection in conjunction with
ethnographic observations. The conversations were recorded and transcribed. Texts were then analyzed using NVivo software
(QSR International) to develop codes for direct comparison among countries. Comprehensive understanding of the data required
triangulation, specifically using thematic and interpretive phenomenological analysis. Narrative analysis ensured appropriate
context of the NVivo (QSR International) query results.

Results: Each interview resulted in mixed discussions regarding the benefits and disadvantages of EHRs. All the physicians
recognized health care’s dependence on this technology. In Norway, physicians perceived more benefits compared with those
based in the United States. Americans reported fewer benefits and disproportionally high disadvantages. Both cohorts believed
that EHRs have increased user workload. However, this was mentioned 2.6 times more frequently by Americans (United States
[n=40] vs Norway [n=15]). Financial influences regarding health information technology use were of great concern for American
physicians but rarely mentioned among Norwegian physicians (United States [n=37] vs Norway [n=6]). Technology dysfunctions
were the most common complaint from Norwegian physicians. Participants from each country noted increased frustration among
older colleagues.

Conclusions: Despite differences spanning geographical, organizational, and cultural boundaries, much is to be learned by
comparing individual experiences. Both cohorts experienced EHR-related frustrations, although etiology differed. The overall
number of complaints was significantly higher among American physicians. This study augments the idea that policy, regulation,
and administration have compelling influence on user experience. Global EHR optimization requires additional investigation,
and these results help to establish a foundation for future research.

(JMIR Hum Factors 2022;9(1):e28762)   doi:10.2196/28762
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Introduction

Background
Correlations between electronic health records (EHRs) and
physician frustrations have been well described throughout
informatics literature. The phenomenon of high user
dissatisfaction is often attributed to increased administrative
requirements, decreased face-to-face patient time, information
overload, and limited interoperability [1-12]. This technology
has been analyzed on both local and global scales [13-17];
however, few studies have compared users from different
countries who practice in parallel clinical settings. Our study
compares emergency medicine (EM) physician experiences
with EHRs in the United States and Norway. In addition, societal
and cultural differences are carefully considered while analyzing
components that may affect user satisfaction.

Health information technology (HIT) is used in many countries,
but deployment of EHRs vary [18-23]. Despite global HIT use,
the United States is perhaps the most prominent generator of
informatics research that emphasizes the shortcomings of this
technology. Currently, there are few studies that consider or
compare international EHR experiences. However, a recent
study by Downing et al [24] found that even when using the
same vendor (Epic Systems), American physicians had
significantly longer documentation and were less likely to report
satisfaction or improved work efficiency compared with those
in Australia and Singapore. Our results contribute to this small
body of research.

Objectives and Measured Outcomes
This study considers factors that contribute to EHR user
satisfaction by comparing individuals with similar professional
responsibilities in different national contexts. Are the negative
consequences of this technology shared among countries? Does
it affect medical practice? What determines user satisfaction?
Can this be measured between international cohorts? Are there
specific factors that account for similarities or differences? This
study explores these questions while considering influential
variables from a sociopolitical–technological context.

Primary outcomes include the overall EHR experience and
specific opinions within each cohort. This was achieved by
conducting structured interviews in the hospital and observing
behaviors within the physician’s typical working environment.
Thematic analysis allowed the quantification and comparison
of common topics. Notable differences may help to identify
targeted solutions for HIT optimization. For example, if users
from each cohort believe that software interfaces are challenging
to use, it could indicate that technology-specific factors
(understanding and using computers) significantly increase
frustration. On the other hand, differences may identify solutions
that may have otherwise been overlooked.

Secondary outcomes assess participant responses within a
sociocultural context, as HIT infrastructure differs among

countries [16-23,25]. Previous research shows that successful
EHR use is greatly influenced by social and governmental
constructs [9,24,26,27]. A general understanding of the current
HIT status and health care infrastructure in the United States
and Norway supports the interpretation of the data. We briefly
discuss this information before proceeding.

United States: Emergency Care and Current EHR
Status
Since the Emergency Medical Treatment and Labor Act of 1986,
hospitals must provide consultation, screening examination,
ancillary testing, and stabilization of anyone concerned with a
life-threatening condition, regardless of their ability to pay
[28-30]. Patients are evaluated in the emergency department
(ED) after arriving via ambulance, private vehicle, or walking
in. Physicians who staff the ED receive formal EM training by
completing an EM residency for 3-4 years following medical
school [31]. Although the ED functions as a hospital’s
gatekeeper, studies show that only a small number of ED visits
result in admission [32]. National increase in low-acuity ED
patient volume has been attributed to multiple factors including
rising health care costs, primary care shortages, and lack of
access to after-hour care [33-37].

Integration of technology and health care started in 2004 with
the establishment of the Office of the National Coordinator for
HIT, but widespread EHR use did not occur until after the HIT
for Economic and Clinical Health Act was passed in 2009 [38].
This legislation provided monetary incentives for
government-certified EHR adoption and implementation [39].
Pressure for rapid health care digitization generated numerous
unintended consequences including industrial arms race that
many policy makers did not consider [40-43]. As of 2017, 96%
of hospitals in the United States had implemented technology
certified by the Department of Health and Human Services [44].

The 21st Century Cures Act prohibits companies and
organizations from intentionally restricting health information
exchange (HIE) capabilities for monetary benefit [45].
Nevertheless, evidence indicates that information blocking still
occurs in the United States [46,47], and a 2018 Report to
Congress showed only 51% of hospital physicians had electronic
access to necessary patient information from other facilities at
the point of care [44]. The private sector has been meeting
interoperability demands as evidenced by programs like Epic’s
Care Everywhere [27]. However, the extent of clinical data
availability is dependent on the participating facilities [48]. In
2018, the US Department of Veterans Affairs (VA) announced
partnership with Cerner, an EHR company that will eventually
be the sole vendor to all VA facilities that serve military
populations [49].

Norway: Emergency Care and Current EHR Status
Inpatient and specialist care are provided by state-owned
hospitals and managed by 4 geographically distinct government
subdivisions known as Regional Health Authorities [50,51]. A
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total of 428 local municipalities are responsible for supplying
primary care including after-hour access [50]. Municipalities
have urgent care centers with on-call physicians (legevakt) [50].
The ED or acute receiving area (akuttmottak) is only accessible
via ambulance or physician referrals [50,52]. The department
is traditionally staffed by internal medicine, neurology,
orthopedics, and surgery physicians [53]; however, EM was
recently recognized as an independent specialty in Norway in
2017 [52]. Historically, ambulance and other health personnel
would communicate with hospitals to determine the most
appropriate inpatient specialty service to receive the patient
upon arrival [50].

Medical records from hospitals and outpatient facilities are not
integrated, but messaging systems embedded within EHR
software allow providers to collaborate [51]. In 2008, the
government recognized the interoperability needs and launched
a national HIE platform in 2012 known as Core Journal
(Kjernejournalen) [54]. This gives all Norwegian physicians
access to critical patient information, regardless of where
previous treatment was provided [51,54]. It includes data
necessary to prevent unfavorable outcomes that may be difficult
to obtain during emergency situations such as severe allergies,
ongoing treatments (eg, dialysis), rare serious conditions (eg,
hemophilia), and medications dispensed at any Norwegian
pharmacy [55]. Research shows that the most used function is
the pharmaceutical tracking tool as it provides up-to-date
medication information without additional manual data-entry
requirements from physicians [56,57].

In 2013, the Directorate of Health recommended the integration
of all eHealth and developed the initiative One Patient–One
Record (Én innbygger–Én journal) [58,59]. In 2019, a US $296
million contract was signed with an American EHR company
(Epic Systems) to eventually function as the nation’s sole HIT
supplier [13,60]. The pilot program Health Platform
(Helseplattformen) is scheduled to launch during the spring of
2022 in Central Norway, 1 of the 4 Regional Health Authorities
[61]. Current studies indicate optimistic expectations mixed
with concern as protected health information will eventually be
exchanged across administrative, geographical, and institutional
boundaries [62]. Regional governments created consensus
groups comprised of health care professionals from >80
municipalities that are involved in software configuration and
design [63]. After implementation, community physicians and
analysts will continue to optimize the functionality for regional
and practice needs, whereas Epic Systems will be involved to
a lesser extent [13].

Methods

Participants and Setting
This study was conducted at the University of Kansas Medical
Center (KUMC) in Kansas City, Kansas, and at the Akershus
University Hospital in the Lørenskog municipality outside of
Oslo. Bed capacity at each hospital was approximately 1000
beds [58,59]. Recruitment emails were sent to physicians
involved in acute care at these facilities. In the United States,
participants were board-certified EM physicians, whereas in
Norway, participants were surgeons who provide services within

the akuttmottak. A total of 12 interviews were conducted, 6
(50%) at each location. Average conversation lengths were 39.1
(SD 15.8) minutes.

Data Collection
Data collection included face-to-face semistructured interviews
and environmental observations. This was possible by
conducting each interview on site at the hospitals. Participants
were willing to show the typical documentation and clinical
workflow to the interviewer (GG). This was essential when
collecting Norwegian data, as the interviewer had no previous
first-hand experience with this health care system. This provided
context when participants referred to specifics of the EHR.
Without this background the contextual understanding of
participants’ answers would have been severely limited. All the
interviews were conducted in English, as all the participants
were proficient in this language. Conversations were
audio-recorded on a passcode-protected device and then
transcribed for further analysis. Privacy was retained by
deidentifying the participants.

After obtaining written informed consent, standardized questions
were used to obtain the following information from each
participant: (1) demographics, (2) cultural and individual values,
(3) individual comfort with general technology, (4) previous
record experiences (electronic or paper), (5) observations of
colleagues regarding EHR use, (6) individual attitudes toward
EHR at current facility, (7) perceived usability (intuitive
interfaces, software functionality, interoperability, workflow
efficiencies, and centralized data repository), and (8) how the
technology has shaped individual practice.

Follow-up questions varied based on individual responses.
Participants were also asked about their knowledge, opinions,
or questions regarding the other cohort’s electronic health care
infrastructure. Natural conversation flow permitted additional
discussion, allowing deeper exploration of ideas as they
appeared organically. Additional questions developed
throughout data collection were based on previous participant
answers and cumulative observations. For example, US
interviews were completed first and the responses involved
specific negative consequences of the EHR without prompting.
If these topics were never mentioned by the Norwegians, the
interviewer inquired about them directly at the end of the
discussion.

To conclude each interview, participants were asked if they had
specific questions for the physicians in the other country.
Following data collection, questions and answers were
distributed to participants in addition to the background
information on each country’s health care system. This allowed
deeper understanding of individual perceptions while generating
rich discussion. In addition, participants in Norway were
explicitly asked about Kjernejouralen use. This study was
reviewed by and received institutional review board approval
from KUMC while abiding by the General Data Protection
Regulation.

Analysis
The US interviews were completed first, followed by interviews
in Norway. Using grounded theory, themes emerged and evolved
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throughout the entire data collection process. As no single
method captured the complexities of these data, analysis
triangulation was necessary. First, transcripts underwent
numerous thematic analyses to identify patterns between the
cohorts. This was the initial formal approach to derive meaning
from the vast and rich collected data. Similar to grounded theory,
this exploratory methodology allows continuous hypothesis
development throughout analysis progression. Narrative analysis
was conducted to provide further insight into the mindset,
perspectives, and attitudes toward EHRs. In addition, direct
quotes were used to support the findings and may help the reader
appreciate the nuances of the social context and emotion.

Early in the analysis process, 2 broad themes were
identified—perceived EHR benefits and perceived EHR
disadvantages. To gain deeper understanding of the data,
interpretive phenomenological analysis and simple content
analysis were used. Both methods aid in succinctly summarizing
concepts based on individual experiences while providing some
quantitative comparison. These techniques paired with the
NVivo software (QSR International) helped to distinguish
conceptual patterns between the cohorts, and ultimately resulted
in the construction of the following 4 main code groups: US

perceived EHR benefits, Norway perceived EHR benefits, US
perceived EHR disadvantages, and Norway perceived EHR
disadvantages.

Transcriptions were analyzed using the NVivo software (QSR
International). As the perceived EHR benefits or disadvantages
were found within the text, they were assigned to 1 of the 4
code groups based on context and cohort. The NVivo word
frequency and query search functions were used to generate
categories within the encoded text to enrich the results. The
software allowed searches to include exact word matches,
stemmed words, and synonyms. The search criteria details are
presented in Textboxes 1 and 2. Identical queries regarding
perceived EHR benefits and disadvantages were conducted for
both cohorts. Query results were analyzed and refined to ensure
that the terms were not taken out of context. The total number
of results for each group was tabulated and compared. This is
displayed in Figure 1. Comparing the categorical patterns
provides concrete examples of varying priorities, opinions, and
perspectives from the 2 cohorts. In addition, it examines the
advantages and flaws of HIT implementation within each health
care system.

Textbox 1. Categories of perceived electronic health record benefits.

Category and search criteria (include exact matches, stemmed words, and synonyms)

• Patient safety and improved care: safety, benefit, care, improve, alert, allergy, interaction, medication, automated, error, writing, legible, and
mistakes

• Access to useful clinical information: accessibility, information, view, records, journal, chart, review, report, previous, tracking, results, history,
important, critical, clinical, diagnosis, remote, exchange, facility, interoperable, capability, cloud, electronic, time, and speed

• Data organization: organization, sort, filter, search, usability, function, central, record, history, chart, journal, ease, efficient, and review

• Enhanced communication: communication, interaction, order, results, review, chart, record, journal, information, patient, encounter, and
clarification

Textbox 2. Categories of perceived electronic health record disadvantages.

Category and search criteria (include exact matches, stemmed words, and synonyms)

• Excessive or irrelevant data: excess, irrelevant, overload, quantity, redundant, limit, volume, amount, organize, filter, lost, search, data, clinical,
benefit, and documentation

• Poor interoperability: interoperability, access, view, restrict, facility, exchange, data, information, chart, journal, record, outside, cloud, capability,
hospital, and clinic

• Increased workload: work, workload, time, hour, administrative, requirement, documentation, efficient, amount, burden, click, task, and clerical

• Software complexities: software, complex, interface, intuitive, user, difficult, friendly, usability, navigate, understand, function, options, programs,
system, load, slow, lag, ease, options, orders, run, and technology

• Hardware malfunctions: hardware, malfunction, crash, process, failure, update, IT, program, develop, technology, support, computer, device,
speed, and paper

• Financial influence: financial, money, reimbursement, billing, profit, cost, incentive, code, dollars, relative value unit or RVU, regulation, mandate,
clinical, value, price, payment, and business
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Figure 1. Total number of reported code groups by country. EHR: electronic health record.

This process was conducted by the interviewer for retained
consistency while considering abstract factors including
nonverbal communication, clinical environment, and cultural
norms. This technique was repeatedly used to explore topic
relationships, consider causality, and help find thematic
saturation within the populations.

Results

Overview
All the participants described both pros and cons of their
experience with the EHRs and both groups agreed that modern
medicine is heavily dependent on this technology. In general,
Norwegian physicians had a slight propensity to report benefits
(62 total perceived benefits reported) compared with
disadvantages (59 total perceived disadvantages reported). In
contrast, the American cohort frequently expressed unfavorable
perceptions, reporting 145 total perceived disadvantages and
only 47 total perceived benefits. These results are summarized
in Figure 1.

Perceived Benefits
Access to relevant patient information was the most commonly
reported benefit in both countries. This included viewing
previous diagnostic studies, clinical notes, and laboratory results.

The Norwegian physicians were 1.7 times more likely to refer
to these specific benefits (Norway [n=33] vs United States
[n=20]). When American physicians mentioned this tool, they
often also noted significant limitations owing to poor
interoperability between competing HIT supply companies and
health care facilities. A commonly perceived positive EHR
outcome in both cohorts was improved patient safety. The results
were moderately comparable between the 2 countries with
American physicians referencing patient safety 20 times and
Norwegian physicians referencing patient safety 15 times. An
example that was frequently mentioned by participants was the
automated alerts about patient allergies or drug–drug
interactions. Many also believed that it has decreased
unnecessary errors caused by illegible handwriting.

Perceived Disadvantages
In general, there was a much broader range of topics related to
perceived disadvantages when compared with benefits. The
belief that EHRs have increased physicians’ workload was
common to both cohorts. However, this was mentioned 2.6
times more frequently by the Americans (United States [n=40]
vs Norway [n=15]). The most reported disadvantage was how
increased clerical work detracted from efficiency. American
physicians also discussed that they believe the required
documentation has minimal, if any, clinical utility.
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In Norway, the 2 most frequently discussed disadvantages of
EHRs included software complexities (Norway [n=36] vs United
States [n=25]) and hardware malfunctions (Norway [n=15] vs
United States [n=7]). Every other disadvantage category was
more common among the US cohort. In addition to increased
workload, other categories included excessive and irrelevant
data (United States [n=25] vs Norway [n=12]) and poor
interoperability (United States [n=34] vs Norway [n=14]). The
most significant difference between the cohorts was regarding
the financial influence of the EHRs (United States [n=37] vs
Norway [n=6]). Each American physician expressed without
prompting that the primary purpose of EHRs within the United
States is for billing rather than to improve patient care. This
was often attributed to competing business models among HIT
suppliers, insurance companies, and hospital administrations.

One disadvantage exclusive to the American cohort involved
the legal implications of the EHRs. The interviewer never
initiated this topic, yet it was brought up by half of the American
participants. They strongly believed that the normalization of
defensive medicine is a result of the society’s legal climate.
Despite possessing adequate medical training and clinical
judgment, clinicians often feel compelled to order extensive
workups to protect themselves from future prosecution. In
addition, these physicians mentioned that redundant testing is
routinely performed because of limited HIE among surrounding
health care facilities.

Additional Observations
An interesting observation shared by both the cohorts was that
their older colleagues expressed higher levels of EHR-related
frustration. This was mentioned by 9 among all 12
participants—6 Norwegians and 3 Americans. These 9
individuals self-reported that they felt proficient in using
technology but did not believe it influenced their own opinion
of EHRs.

In addition, both Norwegians and Americans believed that the
rapid processing speeds of personal devices may contribute to
unrealistic EHR performance expectations. Many realized that
top information technology developers are recruited to sectors
outside of health care; however, they believed that usability
would improve if companies such as Apple or Google developed
the software:

It’s very hard to keep up with ever-changing new
technology. As you get older you don’t have the
stamina. Programs may also seem frustrating because
they don’t run as quickly as most of our personal
devices. [Norway, participant 4]

At the start of each interview, the physicians were asked how
cultural values influenced personal beliefs or medical practice,
as other studies have described health care systems as a
reflection of national ideals [26]. This question was intended
to highlight nuanced variables that exist when comparing
dissimilar populations. Unsurprisingly, the participant responses
revealed differing values between the countries. Responses were
not superior or inferior, just different. When describing how
cultural values influence their current practice of medicine, the
American participants used words such as help, kind, and caring.

Common Norwegian terms included open-minded, equality,
and empathy. Although these results have limited application
in determining EHR satisfaction, it reinforces the importance
of cultural context when developing solutions for specific
populations.

Discussion

Adding quantitative values to our qualitative analysis creates
an overt visualization of the differences between EHR users in
both countries. We have provided a more comprehensive
exploration of the influencing factors.

Clerical Burden and Reimbursement
Increased administrative tasks that yield minimal patient benefit
created frustration for all physicians; however, it was
significantly higher among US participants. In Norway,
physicians must include appropriate diagnosis or procedure
codes for hospital reimbursement using the Diagnosis Related
Groups system, which includes approximately 980 codes [64].
These codes generate approximately 50% of the hospital
revenue, with the remaining financed from fixed government
payments [65]. Norwegians are skeptical of potential changes
following the national implementation of Epic Systems. The
participants voiced concern regarding slowly evolving into an
American health care model. Some Norwegian participants first
noticed this shift after hospital reimbursement became partially
integrated with diagnosis codes:

With new public management reform within the last
30 years, we have also noticed health care has
changed to suit their needs. Most Norwegian
physicians are attentive and oppose this. We also
have the union (Norwegian Medical Association) who
oppose it. It isn’t in our immediate power to change
those things and they must come from a higher level.
[Norway, participant 6]

American reimbursement is complex owing to a multi-payer
system that includes government agencies, insurance companies,
health maintenance organizations, employers, and individual
patients [66]. Although many countries use the International
Classification of Disease, the United States is one of the few
countries that use it for both diagnosis and billing, while
including more than 90,000 codes [67]. Compared with Norway,
the United States uses the entire medical record for
reimbursement. The billing level is determined by the quantity
of the documented elements within each note section (ie, history
of present illness, review of systems, and physical exam) with
more elements correlating with higher billing levels, resulting
in increased reimbursement [68]. Physicians must also filter
through long, redundant, and confusing lists of diagnoses to
choose the most detailed option [24]. Another form of
reimbursement, relative value units, is also extracted from the
EHR. These are based on >8000 procedure codes extrapolated
to measure physician productivity, which are then used to
determine department or individual reimbursement [66,69]; 1
physician shared that for the last 2 years, 25% of their salaries
depended on the individual relative value units generated:
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Institutions now look at emergency departments as
revenue generators. We cost society more and in the
end the patient loses directly and indirectly. [United
States, participant 3]

American documentation tends to be 4 times longer than that
of other countries, without offering any additional clinical
information [48]. The position of medical scribes (nonclinical
personnel who are trained to provide documentation assistance
and workflow support) was created as a possible solution to this
problem. Research demonstrates that scribes are valued team
members and improve provider satisfaction [70]. This sentiment
was echoed by American physicians, whereas Norwegians were
unfamiliar with this occupation. Gardner et al [1] showed great
variety of scribe use among American specialties, with the
highest use among EM physicians. This study also found that
working with scribes reduced the odds of burnout by
approximately 40%. They hypothesized that it was not higher
because scribes are not qualified to complete certain
time-consuming but physician-specific electronic tasks (eg,
medication orders and in-basket management) [1]:

We are so opposed to these tasks that steal time we
could otherwise use for clinical work. Don’t you think
that having a scribe is just a waste of resources? Do
individual physicians actually generate enough data
on a single patient that they need a scribe to help
complete the documentation? [Norway, participant
6]

Burnout
Multiple studies within the United States indicate that HIT
creates undue physician burden and there is considerable
correlation between high EHR frustration and burnout
[1,4,7,24,43,71-76]. The 2018 National Physician Poll produced
powerful data regarding how this technology affects American
physicians. Only 8% of participants believed that the primary
purpose of documentation is clinical, whereas 71% agreed that
it significantly contributes to burnout [77]. Our study supports
this argument, as many American physicians cited EHRs as a
significant cause of burnout. However, these individuals clarified
that it is only a single contributor to a complex and multifactorial
issue:

I don’t necessarily think the electronic aspect of EHRs
are what makes them so frustrating, but rather the
need of documenting in excess. When you have to do
such complicated things against your will and without
patient benefit, it adds to burnout rates. [United
States, participant 6]

In Norway, burnout was never mentioned spontaneously and
eventually the interviewer was required to ask about it explicitly.
Norwegians attributed burnout to perceived job demands,
societal expectations, and degree of colleague support, which
is consistent with other Norwegian studies [78-80]. EHRs were
never mentioned as a source of burnout. Since 1993, Norway
has conducted extensive research aimed at improving
physicians’ health, working conditions, and quality of life [81].
Despite burnout being less prevalent, Norway has established
proactive prevention initiatives. An example is a self-referral
physician counseling program and treatment facility (Villa Sana)

designed to enhance coping skills and reduce emotional
exhaustion [82,83].

West et al [76] considered factors that contribute to physician
burnout from a global perspective. In doing so, they highlighted
a previous Norwegian study that found no significant difference
in burnout between physicians and other professions [84].
However, in the same study, there was a significantly increased
prevalence of burnout in the United States even after adjusting
for work hours and other factors [76]. Another recent US study
identified systemic issues contributing to EM physician burnout.
Factors include EHR limitations, long work hours, substantial
educational debt, intense clinical practice, high risk of litigation,
circadian rhythm disruption, chronic fatigue, blame, and
isolation as a result of poor outcomes, all within the confines
of an environment with zero tolerance for mistakes [85]. Our
study offers informal evidence that EHRs increase burnout risk
in the United States but appear noncontributory in Norway.

Core Journal (Kjernejournalen)
Of the 6 Norwegian physicians, 5 used the Kjernejournalen at
least multiple times per week. Most information required initial
manual entry, which has created additional tasks for providers.
Some participants also attributed slow processing speeds as a
reason for their limited use. However, the Kjernejournalen
software provides a function that was highly favored by all the
Norwegian physicians in this study—the pharmaceutical
tracking function. The Kjernejournalen connects with all the
pharmacies in the country and updates automatically as
prescriptions are filled [55,56]. This tool was favored as it
provides useful information without increasing data entry
responsibilities. When asked if the Core Journal has affected
their medical practice, the first participant provided the
following response:

I would say that one way is you can now see what is
prescribed and if it has been collected. It is a more
secure way of finding out what patients are really
taking. [Norway, participant 1]

Overall, there were mixed feelings about the software among
Norwegian physicians. In contrast, all the American physicians
expressed their desire for something similar upon learning about
the Core Journal. They were also interested in the
pharmaceutical tracking function, specifically for narcotic
medications. Of the 50 states, all except one (Missouri) have
state-wide tracking software; however, communication between
programs is limited [86]. In addition, the American cohort at
the KUMC faces the unique challenge of working within a
facility that is geographically located on the Kansas–Missouri
state-line border.

Interoperability
In-depth conversation regarding EHR interoperability
capabilities revealed significantly different experiences between
the EDs in the 2 countries. In Norway, specialty care is confined
to hospitals and allows EM physicians to easily view specialist
or inpatient notes. However, primary care facilities are part of
the private sector and use different EHRs. Hospital and primary
physicians alike are able to access the Core Journal, which
provides information regarding critical diagnosis and current
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prescriptions [55]. However, Norwegian participants indicated
that emergency care was never impeded because of the inability
to access primary care clinic notes. Instead, their frustration
occurred when requesting imaging from distant facilities. Both
cohorts reported needing outside records and imaging
occasionally. All the physicians found this task to be annoying
and time-consuming. In Norway, all radiologic studies can be
electronically exchanged among health care systems throughout
the country and sometimes require several phone calls. It was
reported that this can take up to 20 minutes but is typically
completed more quickly. American physicians noted that they
can occasionally view outside imaging. However, this is often
not available and scans have to be repeated.

Patients in the United States often receive both primary or
specialist care in an outpatient clinic setting. Providers have
limited access to patient information at the point of care if health
care facilities use different HIT suppliers [12,87]. Over the past
decade, laws have been passed with the goal of improving
interoperability, but definitive legal parameters are yet to be
firmly established [12,45,46]. HIE configuration decisions are
typically dependent on the competing vendors and participating
health care systems, with both parties having significant effect
on user accessibility [48]. Vendors have capitalized on
developing exchange capabilities as a product selling point [46].
Subsequently, there have been calls for stronger legislative
regulation to improve transparency across health care facilities
[41,45,46].

Although individual EHR suppliers have improved
interoperability, substantial limitations persist [19]. For example,
American physicians in this study discussed the Care
Everywhere platform within Epic Systems that grants access to
most outpatient documentation and laboratory results from
another large hospital within Kansas City. However, this tool
still omits numerous facilities and hospitals. US participants
reported that electronic exchanges between unaffiliated health
care facilities are either impossible or extremely cumbersome
and time-consuming. A participant described the process used
to request outside medical records and said that it could take
hours to days to receive a fax that potentially contains critical
information. Knowing that the information will not be available
within their own shift, this participant typically makes these
requests to benefit colleagues who are taking over patient care.
American physicians also believed that redundant diagnostic
tests are a direct result of limited interoperability that increases
both patient risk and national health care expenses:

We repeat so many x-rays, labs, and scans just
because we can’t see what was done a day ago. There
are deficits in care due to poor EHR interoperability.
Today, in this emergency department, there will be
an issue because they [outside EHRs] don’t
communicate. [United States, participant 6]

The VA is a government-run national health care system that
internally developed its own EHR software known as Veterans
Information Systems and Technology Architecture [41]. Each
US participant who mentioned past VA experiences recalled
positive experience with this EHR. Although the participants
described the software’s interface as cumbersome and

rudimental, all of them commented about how it allowed them
to provide more comprehensive care because of the ability to
access all the pertinent information from any VA facility.
Despite the recent contract with Cerner, it will likely take longer
than 10 years to finalize the implementation of this software as
the sole HIT supplier to all VA facilities [41,49].

Legal Considerations
Another burden unique to Americans is the extensive
documentation for legal protection. A recent study showed that
approximately 51% of EM physicians in the United States will
be sued during their career despite appropriate medical
management [88]. This was foreign to Norwegians who rely on
the Norwegian Medical Association (NMA) for legal counsel
and protection [89]. NMA also functions as a professional
society and labor union that annually negotiates with the
government on behalf of physicians regarding fair working
conditions, compensation, and leave-time [89]. Nearly all
Norwegian physicians are NMA members, whereas only 11.4%
of American health care providers are unionized [90].
Explanations for low involvement include convoluted
multi-payer systems, restrictive federal and state laws, and social
stigma [90-92].

Defensive medicine is a normalized practice within US
medicine. American EM physicians face approximately a 7.5%
annual risk of litigation [93]. Consequently, excessive
documentation becomes an essential burden to protect oneself
from potential legal ramifications. This liability heavily
influences medical decision-making, resulting in excessive
workups and hospital admissions. A study of 824 physicians in
the United States found that 93% of them reported regular
practice of defensive medicine [94]. Of those, more than half
of the EM physicians reported using computed tomography,
magnetic resonance imaging, or radiography that was not
clinically necessary [94].

Responses from the American participants correlated with these
findings and many believed that improved interoperability
between EHR systems could mitigate these practices while
simultaneously decreasing physician litigation anxiety.
American participants also noted numerous disadvantages
associated with defensive medicine on a societal, patient, and
health care provider perspectives; however, abandoning this
practice puts the physician at an undeniable risk:

A lawyer can go through and subpoena every
keystroke made from the moment you enter the record,
what is done before completing the note, and if you
changed anything. We are humans and will make
mistakes. If you type something wrong, it can
potentially be used against you to criticize your
medical judgment. If I have a learner (i.e., scribe or
resident) who wrote something wrong and I change
or delete it, that may be held against me. [United
States, participant 6]

This is in stark contrast to the practices in Norway, where
physicians pay a small percentage of their salaries to a collective
pool within the NMA. If a patient is entitled to compensation,
it comes from these funds. All Norwegian participants expressed
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that this was a fair and equitable process without many
disadvantages, and one physician stated the following:

I am only concerned for malpractice because I am
always concerned with doing the right thing for my
patient. I am not concerned about repercussions for
making a mistake. When something goes wrong, we
are good at protecting each other and focusing on
system errors, not personal ones. [Norway, participant
2]

Limitations and Future Implications
Our study has several limitations. Qualitative research restricts
the use of formal statistical analysis as broad-ranging emotions
reduce its reproducibility. These challenges were amplified by
complex sociopolitical–technological variations. Generalizability
is limited owing to the small sample size and single-center
analysis in each country. Therefore, we can only extrapolate
speculations to explain the results of this study. No definitive
conclusions can be made regarding EHR user satisfaction
between the 2 countries. Although this study specifically
recruited EM physicians, future research may benefit from
expanding to other specialties across multiple facilities. Despite
the semistructured interviews having reproducibility limitations,
this method was necessary to understand the health care
infrastructure and nuances of daily practice within each location.
New questions emerged as more information was gained.
Although this approach creates inconsistencies, it permits
flexibility that is otherwise impossible to achieve using
alternative qualitative methods such as surveys. These
humanistic interactions are both a strength and weakness of
semistructured interviews. Objective metrics regarding usability
and satisfaction are difficult to produce with countless
independent variables. Nevertheless, this comparison provides
rich insight.

Numerous potential factors that may contribute to poor EHR
user experiences were identified during the first phase of data
collection (American interviews). Much of this occurred without
prompts from the interviewer (GG). If these factors did not
come up organically in Norwegian physician interviews, the
interviewer asked targeted questions pertaining to these topics
with the intention of identifying similarities or differences.
Although this does not alter the United States’ findings, it may
artificially inflate Norwegian results regarding perceived EHR
disadvantages.

A study by Tutty et al [14] described factors that may enhance
EHR experiences and suggested that policy makers, software
developers, HIT vendors, payers, health administrators, and
users alike may be capable of contributing to collective
improvements. They also identified administrative tasks that
add to documentation burden, including extensive order entries,

billing regulations, coding standards, quality improvement
reporting, and system security [14]. As Colicchio et al [40]
noted, it is important to consider that national EHRs may not
provide the desired insight for future informatics research, as
local configurations are customizable even when supplied by
the same vendor. After the Helseplattformen is implemented in
Norway, prospective longitudinal studies measuring similar
outcomes may produce additional meaningful information. This
novel investigation suggests a framework for theoretical EHR
optimization on a global scale. Although the results of this study
are not entirely generalizable, it provides a foothold for future
research and may stimulate innovative HIT advancements.
Additional studies that compare international experiences while
considering social and political differences are needed to identify
the components that most significantly influence user
satisfaction.

Conclusions
This qualitative study explores factors that influence EHR user
satisfaction among practicing EM physicians in 2 countries. All
the participants believed that this technology has increased their
workload while simultaneously acknowledging their heavy
reliance on it. They agreed that EHRs are here to stay. The
results show that both American and Norwegian physicians
experience frustration with EHR, but overall, the United States
cohort had significantly more complaints. Participant-driven
conversations revealed that each country had moderately
differing sources of frustration. Norwegian complaints revolved
around intrinsic technical issues. Strategies to mitigate these
problems are currently underway as evidenced by the Én
Innbygger–Én Journal and Helseplattformen initiative.
Americans harshly criticized the business of medicine that they
felt was manifested in every facet of HIT implementation. These
findings enhance the theory that policies and administration
may influence usability to a greater degree than technology
itself [9,14,24,26,95].

Use of in-depth, semistructured interviews permitted a deeper
understanding of both health care systems. This knowledge was
subsequently integrated throughout data analysis and
interpretation. The development and use of EHRs is influenced
by lawmakers, payers, companies, and regulatory entities.
Decisions made by those who are not primary users have a
profound impact on the practice of those who use this
technology daily. Both countries in this study are currently
undergoing significant changes. Norway is poised to make a
complete national overhaul of their EHR, and the United States
is struggling to reform a vast, expensive, and inefficient health
system. If HIT is to be optimized on a global scale, the elements
highlighted in this study should be considered when establishing
policy, strategy, and vision for the future.
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Abstract

Background: Personal health records (PHRs) may be useful for patient self-management and participation in communication
with their caregivers and health care providers. As each potential participant’s role is different, their perception of the best uses
of a PHR may vary.

Objective: The perspectives of patients, caregivers, and providers were all evaluated concurrently in relation to a PHR developed
for colorectal cancer (CRC) survivors.

Methods: We explored group perceptions of a CRC PHR prototype. Scenario-based testing across eight use cases, with
semistructured follow-up interviews, was videotaped in a human-computer interaction laboratory with patients, caregivers, and
health care providers. Providers included oncologists, gastroenterologists, and primary care physicians. Discrete observations
underwent grounded theory visual affinity analysis to identify emergent themes.

Results: Observations fell into three major themes: the network (who should be granted access to the PHR by the patient),
functions (helpful activities the PHR enabled), and implementation (how to adopt the PHR into workflow). Patients wanted
physician access to their PHR, as well as family member access, especially when they lived at a distance. All groups noted the
added value of linking the PHR to an electronic health record, self-tracking, self-management, and secure messaging. Patients
and caregivers also saw information in the PHR as a useful memory tool given their visits to multiple doctors. Providers had
reservations about patients viewing raw data, which they were not prepared to interpret or might be inaccurate; patients and
caregivers did not express any reservations about having access to more information. Patients saw PHR communication functions
as a potential tool for relationship building. Patients and caregivers valued the journal as a tool for reflection and delivery of
emotional support. Providers felt the PHR would facilitate patient-physician communication but worried that sharing journal
access would make the doctor-patient relationship less professional and had reservations about the time burden of reviewing.
Strategies suggested for efficient adoption into workflow included team delegation. Establishment of parameters for patient uses
and provider responses was perceived as good standard practice.

Conclusions: PHR perceptions differed by role, with providers seeing the PHR as informational, while patients and caregivers
viewed the tool as more relational. Personal health records should be linked to electronic health records for ease of use. Tailoring
access, content, and implementation of the PHR is essential. Technology changes have the potential to change the nature of the
patient-physician relationship. Patients and providers should establish shared expectations about the optimal use of the PHR and
explore how emerging patient-centered technologies can be successfully implemented in modern medical practice to improve
the relational quality of care.

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e16447 | p.500https://humanfactors.jmir.org/2022/1/e16447
(page number not for citation purposes)

Haggstrom & CarrJMIR HUMAN FACTORS

XSL•FO
RenderX

mailto:dahaggst@iupui.edu
http://www.w3.org/Style/XSL
http://www.renderx.com/


(JMIR Hum Factors 2022;9(1):e16447)   doi:10.2196/16447

KEYWORDS

personal health record; communication; cancer survivorship; colorectal cancer

Introduction

Personal Health Records (PHRs) have grown in popularity and
functionality over time. PHRs are grounded in the idea that
patients can improve continuity of care by transporting copies
of their records from doctor to doctor. Originally, the term
“PHR” stood for “patient-held records” and were paper-based
systems [1]. Initially designed by patients, institutions later
developed standardized PHR formats to include medication
lists, test reports, and physician notes [1-3]. The patient
empowerment movement and the internet transformed PHRs
into “personal health records” [1,4,5]. Advances in information
technology have provided new tools for web-based
self-management, communication, and information-sharing to
enable patients to play a more active role in their care.

In the United States, patients with chronic disease represented
the first target populations for PHRs [4,5]; while their adoption
rate is only slightly higher than that in the general population,
patients with chronic diseases make greater use of PHR
capabilities [6]. Many PHR self-management tools are
disease-specific, suggesting that the ideal composition might
vary by disease [7-9]; this insight has led to the development
of specialized PHRs designed for different chronic diseases,
such as diabetes, heart disease, or neurologic disorders [10].
With increases in cancer survival, oncology care has increasingly
assumed the characteristics of chronic disease management
[11]. To meet the needs of long-term cancer survivorship, the
Institute of Medicine (IOM) recommended the development of
survivorship care plans to provide a treatment summary and
plan for follow-up care, including the potential side effects and
long-term consequences of treatment, the timing and content
of recommended follow-up, and psychosocial services available
in the community [12]. PHRs provide a natural platform on
which to address these goals; thus, they have been developed
for several cancers [5]. Colorectal cancer (CRC) is the
second-most common cause of cancer death in the United States,
approximately 147,950 individuals will be diagnosed with CRC
and 53,200 will die from the disease in 2020 [13]. All of the
general issues addressed by survivorship care plans are of
specific relevance to CRC survivors, including follow-up care
or surveillance (colonoscopy, carcinoembryonic testing, and
abdominal imaging [14]) and potential side effects (eg, radiation
proctitis [15] or oxaliplatin neuropathy [16]).

The patient is arguably the key stakeholder, or user, in PHR
design. Nonetheless, the proliferation of both synchronous and
asynchronous methods of communication has expanded the
scope of stakeholders to include both caregivers and health care
providers. To create the most effective PHR, the design process
needs to account for the needs of all potential stakeholders.
Prior studies have examined the perspectives of each stakeholder
group individually or focused upon combinations of providers
[17] or patients and caregivers [18], or even provider
perspectives of caregiver use [19]. Nonetheless, the input of

stakeholders such as patients, caregivers, and providers are not
commonly considered. Prior qualitative research has shown that
patients perceive web-based chronic disease management portals
as increasing their access to information and engagement in
health care, but improvements in portal design may improve
usability and reduce attrition. Caregivers have expressed high
interest in portal use to support their roles in interpreting health
information, advocating for quality care, and managing medical
care [18]. Providers have previously described secure messaging
as having particular value for both themselves and their patients;
however, providers also expressed concern about the inability
of patients to share other types of information with their health
care team [17] and the impact on workflow. In this study, the
perspectives of patients, caregivers, and health care providers
were all evaluated concurrently in relation to a PHR developed
for CRC survivors. Patient and caregiver engagement is
important for the adoption of PHRs, whereas provider buy-in
is critical to the implementation of these technologies in health
care settings.

Our key study question was what are the areas of agreement
and disagreement among patients, caregivers, and providers
with respect to the benefits and appropriate uses of a PHR.
Across stakeholders, we explored several questions, including
“Who should be provided access to, share information, and
communicate with the PHR?” and “What type of
patient-generated information should be incorporated into the
PHR?” Finally, we asked how the PHR impacts workflow and
what best practices may guide the future design and
implementation of PHRs for patients with cancer.

Methods

Participants
Four to six participants were recruited from each role group
(patient, provider, and caregiver) on the basis of a previous
study by Nielsen et al [20], suggesting that this number is
sufficient to detect the majority of usability problems. Six CRC
survivors were recruited from the Roudebush Veterans Affairs
Medical Center (RVAMC) oncology clinic in Indianapolis.
Provider schedules were reviewed prior to their clinic visit, and
then research assistants approached patients in-person at their
planned clinic visit. Either during the clinic encounter or later
when scheduling the testing session over the telephone, patients
were invited to identify a caregiver who could also participate
in the session. For inclusion, cancer survivors were required to
have a diagnosis of colorectal cancer more than 12 months prior
to enrollment. This yearlong interval was chosen to identify
patients who were likely to have undergone both surgical and
adjuvant therapy so that they could provide feedback on both
treatment modalities, as well as to minimize respondent burden
upon any patient undergoing active treatment. One caregiver,
identified as a family member or friend supporting the cancer
survivor’s health needs, was recruited along with each cancer
survivor. Seven health care providers were purposefully
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recruited via email from the RVAMC, including an oncologist,
oncology nurse, gastroenterologist, and 4 primary care
physicians. In terms of incentives, gift cards were offered in the
amount of US $5 to providers and US $25 to patients and
caregivers. All participants provided informed consent, and the
study protocol was approved by the institutional review board
of Indiana University.

Prototype Design
The initial, web-based CRC PHR prototype was created by a
design team of clinical investigators and software developers.
The functions of this prototype were informed by the IOM report
on Cancer Survivorship [12] and are enumerated in Table 1.

The prototype used a tabbed browser format created with
open-source software, the OpenMRS medical record system
platform [21] shown in a screenshot in Figure 1.

Table 1. Functions of the personal health record of colorectal cancer survivors.

FunctionsTab

Allows review of cancer diagnosis and treatment, including specific type of surgery and adjuvant therapy (chemotherapy,
and radiotherapy)

My History

Two tables: a table with recommended surveillance tests based on initial diagnosis and a table of actual tests performed
(date, test, and result)

My Follow-up Care

Tailored compendium of possible side effects of treatment and initial, straightforward self-management stepsSide Effects

Web-based links to cancer information resources and cancer survivor support groupsCommunities

Patients can share access to their personal health records with a set of role-based individuals (provider, caregiver, etc): rela-
tionship function enables tiered access to personal (My Mail and My Journal), medical (My History, My Follow-up Care,
and Side Effects) or all components of their personal health record

Relationships

Client-based email application enabling secure message exchangeMy Mail

Searchable, dated electronic journal, with an ability for in-line comments or responses by individuals to whom a Relationship
has been granted

My Journal

Figure 1. Prototype screenshot created with open-source software—the OpenMRS medical record system platform.

Interviews and Observations
Using the final PHR version, the participants all completed an
individual session in the RVAMC human-computer interaction
laboratory. Each session lasted 1 hour and was conducted by a

member of the study team with a background in human factors
engineering. None of the participants were familiar with the
PHR prior to enrollment, nor was any type of tutorial provided
before use so as to avoid bias on the basis of user experience,
as well as assess the usability or intuitiveness of the interface.
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An interview guide was developed with expert clinical input
from primary care (2) and subspecialty (1) providers, as well
as scientific input from individuals with training backgrounds
in human factors engineering (1 PhD and 2 Masters). At the
outset of each session, all participants underwent the same
semistructured interview, including questions concerning
experience and expertise with technology. With content tailored
to their role (cancer survivor, caregiver, or provider), participants

were then given use-case scenarios to perform using the PHR
(Table 2) with a PC. The think-aloud design was used during
scenario-testing and open-ended follow-up questions were used
after each scenario. Concluding questions were then asked, with
encouragement to envision a “blue-sky” future or the ideal PHR.
The session was videotaped using Morae software so that verbal
and visual cues and interactions could be analyzed.

Table 2. Use-case testing scenario, with an example of a colorectal cancer survivor.

DescriptionTask

You recall that your doctor (Dr. Carter) wishes to know if you can grant him access to the electronic tool so he can view all of the infor-
mation recorded there himself. He tells you to use the email: dcarter@fakeemail.com

1A

You decide you want to grant your spouse access to this electronic tool so she can view all of the information within it herself. Your
spouse’s email: myspouse@fakeemail.com

1B

Dr. Carter performed a colonoscopy on January 8, 2020, and found an abnormality, so your doctor has asked you to return in six months.
Please record this information using the tool.

2A

After completing the last task, check to see when your next colonoscopy test will be and write your answer in the blank provided: Date
of next colonoscopy test:_____________

2B

After your doctor reviews your list of past treatments through this electronic tool, your doctor informs you of a mistake in the records
in the electronic cancer toolkit. You were recorded as having been treated with Xeloda, but in reality you were treated with Erbitux.
Use the system to update this piece of information.

3A

You want to share the radiation therapy you’ve received with your primary care doctor. Because your doctor cannot gain access to the
toolkit, please write all the radiation treatment you’ve received in the spaces provided.

3B

After updating your past treatment, please use the system to notify (via email) Greg Armstrong (Lance’s Caregiver), whose email address
is garmstrong@fakeemail.com

4

Use the system to record a personal experience involving what it’s like to live with cancer. Please use this opportunity to express yourself,
and please entitle it: “My Cancer Experience.”

5

Analysis
For each role-based participant group, observations were
analyzed using a grounded theory approach to determine the
requirements for a CRC PHR and functions prioritized by each
group. Two investigators, one of whom was not involved in the
original interviews, performed the coding and analysis. The
videotapes were broken into single, verbal or non-verbal,
observations. The observations were recorded chronologically
at the point in the session when they were collected and then
grouped by participant role. Data analysis was inductive using
the method of constant comparison, an iterative process
consisting of an open and focused coding phase [22]. Within
each participant role, the observations were coded using visual
affinity diagramming [23] with an open-coding scheme. After
independent coding by the investigators, coding discrepancies
were resolved at consensus meetings. Investigators each read
all transcripts and analyzed them for prevalent and recurrent
themes. This phase elucidated three overarching themes: the
web-based network, its functions, and its implementation.
During the focused coding phase, investigators developed
additional themes by conducting comparisons within and
between transcripts, between themes, and finally across the
role-based participant groups. Throughout the analysis,
qualitative methods and procedures were used to ensure rigor
and validity. These procedures included reflexivity (continually
questioning interpretations and returning to the data to verify
interpretations), search for alternative interpretations of the data,

and depth of description (seeking out the specific details of
participants’ words) [24,25].

Results

Results Overview
All 6 patients were male, with an average age of 62.2 years
(range 54-72 years); 2 of 6 (33%) were African American. Four
caregiver spouses were recruited; all were women and half were
African American. Of the health care providers, 4 of 7 (57%)
were female, 5 (71%) were White, and 2 (29%) were Asian
American. Overall, most patients would recommend the use of
the PHR to other patients. Patient, caregiver, and provider
observations could be grouped into three major themes: the
network, its functions, and implementation. The “network”
encompassed those who should be granted access to the PHR
by the patient, “functions” comprised the helpful activities which
the PHR enabled, and “implementation” included how best to
implement the PHR into workflow and communication. These
themes interrelate dynamically; for example, the types of
individuals included in the network (provider, caregiver, or
patient) may influence the range of possible uses.

During review, six additional themes emerged within these
overarching themes: Network (Access Privileges and
Communication), Functions (Self-tracking and
Self-management; Journal (Reflection and Communication),
and Implementation (Workflow and Future Enhancements).
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Network

Access Privileges
The PHR allowed only the patient the ability to grant access to
others; many permutations in who should be granted access
were observed. All patients wanted physician access to their
PHR. Most patients wanted family members to have access to
the PHR; when family member access was granted, their spouse
was always included. Access for family members was guided
by relational closeness, and how important individual family
members were to the patient’s care. Without being prompted,
2 different patients suggested that researchers should also be
provided access so as to create knowledge in the process of
sharing information, expressing a sense of altruism: “probably
use if I thought it would help other people.”

Communication
Provider-to-provider communication: Participants from each
stakeholder group saw the value of communication between
providers. Patients and providers recommended that health
information in the PHR be shared across health care systems.
Patients also recommended sharing across different types of
providers (both primary care and oncologist). One patient stated
that primary care provider access should be “required.”

Another patient suggested a doctor-only network, established
without individual patient permissions. Patients suggested a
model wherein medical personnel would have one-time access
to PHR data in an emergency: “In the past, I had an uncle who
died of diabetes and no one knew it but his wife, and she was
out of town; he went to the emergency room and they gave him
the wrong medicine.”

Patient-to-provider communication: The PHR provided at least
two opportunities for asynchronous communication between
patients and providers through (1) secure email and (2)
web-based journal access. Both patients and providers saw
potential in the PHR for sharing medical information; patients
more often saw potential in the tool for relationship-building.
Each stakeholder group described how the optimal mode of
communication varied by its purpose. Email was described as
acceptable for simple messages, but not for complex or sensitive
topics (eg, bad news) or issues requiring an immediate response,
which were considered to be most appropriately communicated
in person or by telephone.

Patient-to-caregiver communication: Among patients and
caregivers, PHRs were perceived as adding value when family
members lived at a distance from the patient. This distance
could range from out-of-the-home to out-of-state. Patients
discussed how providing caregivers access to the PHR could
inform caregivers about possible side effects or the symptoms
patients were experiencing. Although most spouses agreed with
the desirability of access to the patient’s PHR, one described
their access to the patient’s PHR as “an invasion of privacy.”

Functions

Self-tracking and Self-management
Patients and caregivers saw the information recorded in the
PHR as a useful memory tool because they “can’t remember

everything.” One caregiver noted that this would be “great for
keeping up with what is happening with 10 doctors.” All
stakeholder groups observed that the PHR would enable the
patient and caregivers to record and track future testing, leading
them to be “more engaged.”

Patients and providers saw potential in the PHR for
self-management. One patient said, “It would be nice to be able
to keep up with how your treatment’s going, kind of knowing
if you’re…getting better…A lot of times when you have cancer
you always have a question mark over your head – where am
I?” One provider discussed how the PHR could stimulate
patients to ask questions. A caregiver noted that information
from the PHR could be printed and brought to doctor
appointments to address key issues. Patients and providers saw
the potential for the PHR to track symptoms and perhaps deliver
self-care approaches. Given the network of relationships that
the PHR facilitated, patients saw an opportunity for collective
self-management of their problems, facilitating help from
caregivers.

Providers had reservations about patients viewing “raw data.”
They felt that patients were not prepared to interpret the data,
which led to confusion and anxiety, and that inaccurate data in
the record might upset patients. Patients and caregivers did not
raise any downsides to having access to more information.
Regarding inaccurate information in the PHR, patients expressed
greater interest in how errors might be corrected rather than
who would be to blame. None of the patients raised concerns
about privacy or security of the PHR, but caregivers and
providers expressed such concerns.

Journal: Reflection and Communication
Patients viewed the journal as a tool for reflection where they
could record their personal thoughts, emotions, symptoms, and
“vent” about frustrations. If shared, information recorded in the
journal was seen as potentially reducing a sense of isolation:
“Cancer is kind of a lonely illness to have; they can talk back
and forth and share their experience of what they are going
through and what medicines are working for them.” Patients
and caregivers saw the PHR as providing a way for others,
including the health care provider, to better “understand the
patient’s issues”.

In addition to self-reflection, patients and caregivers viewed the
journal as a tool for communication and a way for patients to
receive support from others. The “comments” section in the
journal appeared to them to make bidirectional communication
possible between patients and providers. For more stoic
individuals, the journal was seen as offering a tool to
communicate in written form what they might have trouble
expressing verbally. One caregiver noted that a patient may
withhold information about prognosis to “protect” family
members, and the journal may enable greater sharing of
information: “helps with hope if we know what to expect.”
Another caregiver suggested more multimedia resources in the
PHR; for example, “songs or movies” that could help start
conversations.

Two providers shared the view that the PHR would facilitate
patient-physician communication, allow “sympathy,” and help
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the physician understand the patient “holistically.” However,
another provider worried that sharing journal access would make
the doctor-patient relationship “less professional.” Most
providers were concerned about the time burden of processing
a large amount of unstructured information. Potential
malpractice liability owing to the provider having journal access
was also raised, although a provider commented “you can’t
spend life worrying about lawsuits.”

Implementation

Workflow
All stakeholder groups would prefer the PHR to be tethered to
the patient’s electronic health record (EHR), and did not see
themselves as performing manual data entry. One participant
indicated concern that only young or “techie” patients would
be able to reliably use the PHR. For certain types of data,
providers did not trust the accuracy or completeness of
patient-entered information, although one provider stated that
“patients should record their own values so they will be more
involved.”

The time burden of accessing the PHR was a common concern
among providers. Strategies suggested for efficient adoption
into workflow included nurse delegation; for example, email
could be used for nurse-directed symptom management. Each
stakeholder group believed the PHR should be well-integrated
with other technologies to avoid creating multiple locations to
access electronic health records or check email. PHR training
was also perceived as necessary. Establishing parameters for
patient uses and provider responses was considered good
standard practice.

For email, providers were again concerned about the time burden
but recognized that email could be both a “responsive” and
“efficient” tool (eg, sending test results) for asynchronous
communication. Patients expressed sensitivity to the time
burdens of providers without prompting from the interviewer,
suggesting that email may reduce the number of telephone calls,
and expressing the opinion that email was more likely to reach
their doctors.

Most providers considered email more efficient than the journal.
A few providers indicated they would read the journal, but only
if directed by patient request to a specific entry. For the journal,
one provider suspected patients would record too much
extraneous detail, thus making real issues harder to find.
Providers suggested several types of structured information
patients could enter, including review of systems, symptoms,
and pain scores. Organizing tools, such as the use of subject
headings and natural language processing, were suggested.

Future Enhancements
Patients and caregivers were interested in several specific
enhancements to the PHR. They sought more guidance in
accessing support groups and information regarding
complementary medicine. Patients were interested not only in
disease information, but also healthy lifestyle resources,
especially nutrition. More capabilities concerning medication
management were suggested, particularly a list of medications
and side effects attributable to each chemotherapy agent. Other

desired functions were the ability to refill medications, make
appointments, and carry the PHR on portable devices.

Discussion

Principal Findings
The integration of multiple stakeholder perspectives regarding
the potential use of a PHR for cancer survivors was a key
strength of our study. Patients, caregivers, and providers all
have unique roles and offer particular insights into the PHR’s
potential to meet the needs of cancer survivors. All stakeholder
groups perceived the PHR to be a valuable tool and would
recommend this patient-centered technology to others diagnosed
with cancer. Several areas of agreement emerged across different
stakeholder groups. First, the broader the network of users
provided access, the better. As in other studies, a majority of
patients wanted clinician access to the PHR [26], especially
primary care physicians and oncologists. Stakeholder groups
also recommended that networks bridge multiple health care
systems. Essentially, participants were articulating a model of
health information exchange, which shared electronic treatment
information across multiple organizations, although perhaps
they were unfamiliar with existing technical architectures or
platforms to accomplish information-sharing [27].

Patient preference for access among individuals who were not
clinicians was less universal and connected with the closeness
of personal relationships and geographic proximity [8,28]. In
patients with cancer, it may be especially beneficial for
caregivers to be given access to the PHR [29], although such
access needs to be balanced against the countervailing principles
of patient privacy so as to prevent unwanted disclosures; for
example, stigmatized conditions or billing information [30].
Overall, patients valued the ability to control access to the record
on an individual basis [8]. While other systems allow the patient
to control who else can access the PHR [31], this CRC PHR
also enables the patient to control what domains of the records
(medical versus personal) are accessed by whom. Consequently,
the patient can share information with each individual provider
and caregiver at the level that they choose. A patient could
selectively provide access to the journal to family members
owing to the personal nature of the content. Alternatively, a
patient may choose to provide only medical providers with
access to the treatment summary owing to its clinical nature
and to preserve their privacy. But instead of making a priori
assumptions about what decisions patient will make, the PHR
provides patients with autonomy to tailor these decisions on the
basis of their preferences for disclosure.

Another area of wide agreement among all stakeholder groups
was the use of the PHR for information-sharing. Pragmatically,
health information delivered through the PHR may increase
patient recall and prompt questions at follow-up visits. By
enabling patients to review their health information beforehand,
and potential test recommendations, patients may be more
prepared and activated [32,33] at physician visits. Furthermore,
leveraging its information-sharing and communication functions,
the PHR may serve as a foundation for collaborative
decision-making and shared decisions.
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Areas of disagreement were also noted among stakeholder
groups, particularly between patients or caregivers and health
care providers. Patient and caregivers both saw the value of the
PHR in relationship-building. Information the patient shared
about their personal cancer experience, especially through the
journal function, was viewed as a way to be better understood
as a whole person. Previous studies of narrative medicine
suggest that patients’ written stories of how illness has affected
them can help them rediscover personal identity [34] and even
improve patient outcomes [35]. Providers were concerned about
the shift such web-based technologies could bring about in their
professional roles. Previous research has outlined a mixed
picture of social networking technologies. Social media use by
patients led to more equal communication between the patient
and provider, but increased doctor-switching [36];
patient-provider relationships may also be more harmonious
owing to the opportunity to release negative emotions on the
internet, but others have found suboptimal interactions between
the patient and health care professional if providers do not agree
with the information provided, or even feel their expertise
challenged [37].

The messaging function, especially to communicate with their
doctor, was highly valued by patients in this and other PHR
studies [7,8,28,38]. Nonetheless, despite studies showing the
feasibility of web-based patient-doctor communication [39],
providers were concerned about time burden, data security, and
privacy. While sensitive to time concerns, data privacy and
security issues were not independently raised by the patients,
which suggested that they were much more focused on the
potential benefits than these mitigating risks. Consensus across
stakeholder groups was easier to find on general guidelines for
email use; for example, simple messages for nonemergent issues.

A related area of disagreement between patients and providers
was the perceived value of sharing unstructured information.
Patients saw the ability to construct meaning and relate personal
experiences from sharing information in more qualitative forms,
but only a minority of providers shared this view. Providers
saw the same information as potentially inaccurate, a time
burden, and source of medical liability. Structured information
of all types was suggested by providers, including symptom
and pain scores. Such discrete information may be more
manageable for tracking and quality improvement purposes, as
well as secondary research; however, the use of standardized
instruments reduces the expressive content of the information
and the patient’s ability to articulate their unique circumstances.

Our findings deliver several key messages to be considered in
the future design and implementation of patient-centered
technologies.

PHRs Should Be Linked to EHRs
In free-standing PHRs, data entry would need to be performed
by either the patient or the health care provider. Neither cancer
survivors nor health care providers could see themselves as
having adequate time to enter such data into the PHR. Moreover,
health care providers did not have full confidence in the
accuracy of patient-entered data. Based on the medical literature,
their skepticism is warranted; for example, patients tend to
overreport the receipt of cancer screening and underreport

screening intervals [40]. Tethering or linking PHRs to EHRs
would also enable the wide range of networking envisioned by
patients. Providers who are already using EHRs could more
readily be provided with access to PHRs. Through patient health
information exchanges, multiple health care systems can be
digitally connected. Broadband internet access serves as a barrier
to PHR use among underserved populations and policy changes
such as patient subsidies [41], and increased rural broadband
infrastructure [42] also have a role to play in improving the
health information ecosystem.

Emergency Care Is a Convincing Use Case
In this and other studies, patients expressed interest in allowing
emergency care providers to temporarily access the PHR [43].
Cancer survivors and other chronic disease PHR users valued
this emergency access, over privacy concerns [8,43]. A patient
in this study and another study [8] related occasions where an
unfavorable outcome resulted from the inability of emergency
providers to access records. This patient-requested feature could
be incorporated into future PHRs by a single-use key code,
carried on the patient or held by an emergency contact.

Tailoring Is Essential
Tailoring across multiple dimensions of the PHR is possible,
including access, content, and implementation approaches. As
a matter of patient-centered principle, the patient was placed in
control of PHR access; cancer survivors can then choose who
to invite as well as what types of information those individuals
can access. This flexible design appeared to be well-received,
and patients reflected thoughtfully about to whom and why they
would provide access. In our study and others, patients also
wanted tailored guidance in searching for high-quality disease
information and local support groups [44]. Of course, barriers
to PHR adoption remain, and our group has previously identified
barriers to use among a population of patients with CRC of
similar age (mean age 58 years), including difficulty with system
log-in, lack of computer literacy, and difficulty self-entering
patient information [45].

The organizational contexts in which patients are seen, and in
which PHRs will be administered, are quite heterogeneous. The
US health care system has a multiplicity of practice
environments, including academic and community, private and
public, hospital- and office-based, and single and multispecialty
groups. The structure and workflow of individual practices will
play a large role in the optimal approach to implementation.
Helpful guidance was suggested by our participants, including
the use of support staff and best practices in the use of emails.
Observations collected in multiple clinical settings would more
fully inform other approaches worth consideration for
dissemination.

Structured information was entered to summarize the patient’s
treatment and surveillance testing, and unstructured information
was communicated in the journal and messaging system.
Preferences for different types of information diverged between
patients and providers. To resolve these varying perspectives,
negotiation may be necessary between patients and providers
to strike what both view as a fair balance. Different PHR
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systems may be tailored over time to reflect these compromises
in the types of information delivered and received.

Technology Changes Have the Potential to Change the
Nature of the Patient-Physician Relationship
Patients almost universally valued the participation of health
care providers in the PHR system. However, providers expressed
reluctance about an open-ended engagement, especially in the
case of patients expressing personal feelings or experiences in
unstructured formats. While technology may initially appear to
be a tool to facilitate patient-physician communication, it is
worth considering how new tools such as the PHR could
potentially change not only the mode, but also the content and
qualities of communication. Broader sharing of the cancer
experience may provide the opportunity for providers to more
deeply understand their patients’ identities. Further, the low
adoption rate of PHRs [46] might be improved if these
technologies enabled such high-quality, meaningful
communication between patients and providers; a prior
systematic review confirms that patients highly value using
portals for communication with providers [47]. However, this
more personal connection may narrow the professional distance
between patients and providers in such a way that not all parties
are comfortable. As more professional and social experiences
transition to web-based digital platforms, the patient-physician
relationship at the center of medicine may evolve in other
unexpected or unintended ways. To our knowledge, our study
results uniquely highlight the trade-offs and tensions that
web-based technologies may introduce into the domain of
patient-provider communication. Previous studies have perhaps
focused upon the impact of shared records upon workflow [48],
but not necessarily the nature of the patient-physician
relationship itself. Our research design of incorporating both
patient and provider perspectives was key to the discovery of
these findings.

Limitations
This study was limited by its size, although owing to recurrent
themes in the analysis, investigators believed that thematic

saturation had been reached. Further, many of the main findings
were consistent across different subject groups. The participant
population was completely male; while males represent the
strong majority of the US veteran population (>90%), female
veterans should be aggressively recruited in future studies. The
age distribution was also representative of patients diagnosed
with colorectal cancer. Future studies should consider other
patient groups and cancer types. Finally, no major EHR
companies have deployed oncology patient portals that make
possible the clinically tailored care delivered by the PHR tested
here. Hence, we focused on general PHR issues (networking
and implementation) and functions (self-management and
journaling) relevant across portals. However, we believe that
tailored, disease-focused PHRs have the potential to deliver
greater clinical value to patients and providers; therefore, they
represent a future model for technology design when the
industry’s business case can better support the degree of
specialization required.

Conclusions
PHR perceptions are role-dependent, but there is marked
consensus on many aspects of PHR design among stakeholders.
This suggests that a single, integrated tool can be designed to
meet several identified patient needs, including self-tracking
and self-management, as well as more informed and shared
medical decisions. Providers have unique concerns about the
increased time burden and the accuracy of patient-entered data,
and more fundamentally, how web-based communication tools
may change the nature of the physician’s professional role.
Patients perceive these tools as a potential pathway to personal
understanding that can deepen their relationships with doctors.
Nonetheless, to realize this promise, patients and caregivers
may need to search for and encourage health care providers to
partner with them in exploring how emerging patient-centered
technologies can be successfully implemented in modern
medical practice to improve the relational quality of care.
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Abstract

Background: Communication failures disrupt physician workflow, lead to poor patient outcomes, and are associated with
significant economic burden. To increase efficiency when contacting a team member in a hospital, we have designed an information
directory app, InHouse Call.

Objective: This study aimed to describe the design of InHouse Call, objectively compare the usefulness of the app versus that
of traditional methods (operator or pocket cards, etc), and determine its subjective usefulness through user surveys and a net
promoter score (NPS).

Methods: This pilot study utilizing before-after trials was carried out at a tertiary academic hospital and involved 20 clinicians,
including physiatrists, hospitalists, internal medicine and family medicine residents, and advanced practice providers/nurse
practitioners/physician assistants. InHouse Call was designed to efficiently supply contact information to providers through a
simple, user-friendly interface. The participants used InHouse Call in timed trials to contact a health care team member in the
hospital via a telephone call. The effectiveness of InHouse Call in connecting the user with a contact in the hospital was measured
through timed trials comparing the amount of time spent in attempting to make the connection using traditional methods versus
the app. Usability was measured through exit surveys and NPS.

Results: The average time spent connecting to the correct contact using traditional methods was 59.5 seconds, compared to
13.8 seconds when using InHouse Call. The degree of variance when using traditional methods was 1544.2, compared to 19.7
with InHouse Call. A call made using the traditional methods deviated from the mean by 39.3 seconds, compared to 4.4 seconds
when using InHouse Call. InHouse Call achieved an NPS of 95.

Conclusions: InHouse Call significantly reduced the average amount of time spent connecting with the correct contact as well
as the variability to complete the task, thus proving to be the superior method of communication for health care providers. The
app garnered a high NPS and positive subjective feedback.

(JMIR Hum Factors 2022;9(1):e23833)   doi:10.2196/23833

KEYWORDS

InHouse Call; communication; hospital directory; healthcare; health care; health informatics; mHealth; mobile app; digital health;
patient records; electronic health

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e23833 | p.511https://humanfactors.jmir.org/2022/1/e23833
(page number not for citation purposes)

Schilling & VillarosaJMIR HUMAN FACTORS

XSL•FO
RenderX

mailto:georgeschilling@gmail.com
http://dx.doi.org/10.2196/23833
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

Background
The current fast-paced field of health care requires frequent
communication among all health care team members including
providers, case managers, nursing staff, therapists, pharmacists,
nutritionists, technicians, and more. Owing to rapid expansion,
hospitals in the United States often have their communications
systems partitioned as opposed to a unified structure. Thus,
communication failures have been a main source of concern in
poor patient outcomes and often identified as a root cause of
fatal errors [1]. In fact, entire simulation-based trainings have
been dedicated to improving physician communication [2].
Although there have been several technological advancements
in hospital communication in the past several decades, they
have often acted as mere add-ons to an already complex
communication system [3], and there has been limited evidence
for improvement in effective interprofessional communication
[4]. The time lost owing to poor hospital communication
resulting in delayed testing and increased admission days comes
at a significant economic burden with yearly estimates ranging
US $12-$30 billion [5,6].

In large hospitals, there are two traditional methods used to
contact a team member: (1) calling the operator and waiting to
be connected and (2) pocket cards or workstation sheets with
lists of general numbers. Many health care providers associate
the operator method with long wait times and dropped or
incorrectly transferred calls. While small and compact, pocket
cards take up space in an already cluttered coat pocket, and their
type font is often small and difficult to read. Both pocket cards
and workstation sheets are physically limited in terms of the
amount of information they can contain and sometimes have
outdated information. Lamination of pocket cards prevents
addition of information, while scribbling additional numbers
onto the margins of workstation sheets leads to confusion.

Time-motion studies since the late 1980s have shown the
downward trend of time spent in direct patient care and more
time spent talking with physicians [7,8]. More recent studies
have shown a sharper decline with the advent of the electronic
health record system [9]. As health care becomes more complex,
it is imperative to optimize and streamline time-consuming
processes.

Technology is changing the face of health care. Physicians who
adapt and work together with technology find success in a
rapidly evolving system, and how well a physician adapts to a
new technology is valuable to its success [10].

Goals of This Intervention
To increase provider efficiency with contacting a team member
in a large hospital, we designed and implemented a novel native
information directory prototype app, InHouse Call. InHouse
Call is a simple hospital directory tool used to facilitate seamless
communication between providers and among health care team
members by eliminating call transfers and making available the
most up-to-date contact information for users. The user interface
and back end of the app prioritizes ease of use and speed for
completing the task.

Research Goals
In this paper, we describe the design and future development
of InHouse Call, objectively compare the usefulness of the app
versus traditional methods via timed trials, and determine its
subjective usefulness through user surveys and its net promoter
score (NPS). The NPS is a standardized scoring system that
rates the likelihood of a user recommending a new product or
technology to a colleague [11].

Methods

Study Design and Setting
In this mixed methods study, we evaluated InHouse Call using
a before-and-after survey methodology combined with objective
timed trials. This study was performed at an academic medical
center with a mix of 20 internal medicine and family medicine
residents, hospitalists, and other inpatient clinicians.

Intervention: InHouse Call
InHouse Call was developed by the author, a physical medicine
and rehabilitation resident, using an iterative, user-centric
interface with a focus on usability and efficiency [12]. The
creation of the app was inspired by the difficulty experienced
attempting to contact the hospital’s echocardiogram (ECHO)
department while trying to complete a syncope work-up. This
event resulted in an unnecessarily prolonged stay for a patient.
Similar experiences shared by colleagues ultimately led to the
development of InHouse Call.

InHouse Call is a native mobile-based software app designed
to supply the correct contact information to providers in the
most efficient manner possible with a simple user-friendly
interface (Figure 1).

InHouse Call is designed to contain the comprehensive database
of health care team contact information found in large hospitals,
including nursing staff, charge nurses, unit secretaries, case
managers, pharmacists, nutritionists, and others, all searchable
by the patient’s room number. The app also contains important
department numbers, such as the radiology and laboratory
departments, as well as hospital administration and clinic contact
information. InHouse Call integrates seamlessly with the
preexisting telephone system, as opposed to alternative health
care messaging apps that work in a closed loop. It is important
to note that InHouse Call is completely Health Insurance
Portability and Accountability Act (HIPAA)–compliant as no
personally identifiable or protected health information of any
party is stored either locally or remotely.

In our app design, the user opens the app leading directly to a
home screen providing the main “Search Patient Room”
searchable database as well as six subfolders containing
pertinent, easy-to-read information, including the following:
Units, Departments, Clinics, Admin Numbers, Misc, and About.
Unique to the InHouse Call design, the “Search Patient Room”
database allows the user to enter the patient room number
without requiring patient-identifiable information, which then
provides fixed health care team member information assigned
to that specific patient room. This includes the registered nurse
(RN) pod or hallway phone, case manager, or pharmacist who
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is directly assigned to that room. It is important to note that the
team member’s personal identifiable information is not included;
only the phone number assigned to that team member is
provided, thus ensuring HIPAA compliance.

The app is currently in the native form and created with Android
Studio and written in Java. Only textual data—no images or
video—are stored on-premise in a SQLite database built into
the app, using a dual-encrypted secure server. This design was
chosen to ensure the highest-speed search output available in
large hospital center environments where internet connectivity
may not be 100% reliable, especially in corridors or elevators
where physicians are often located while travelling between
patient rooms. Although the current system is in a native app,
Figure 2 describes the web app phase where the data will be
stored on a server but still cached on the native app to ensure
the same level of speed.

In the anticipated archistructure described in Figure 2, there are
several noteworthy integration points for the future planned
software. First, the user login and authentication process serve
two purposes: (1) it provides security for the hospital contact
information available, and (2) it allows a single provider to
switch between different hospital directories. Clinicians often
work at different hospitals, sometimes even between different
health care systems, and this feature will allow them to log out
of one hospital directory and log in to another hospital directory.
Next, the download or cache step ensures that the most
up-to-date information is available in the directory. This step
is designed to balance speed with functionality. A key
anticipated feature also includes calls being directly made from
the user’s smartphone containing the app.

Figure 1. InHouse Call homepage with a searchable database and contact folders.
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Figure 2. InHouse Call sitemap. Anticipated integration of a web app data input system to keep InHouse Call updated.

Participant Selection
In total, 20 providers were surveyed and participated in the
timed trials. The participants mainly included hospitalists and
internal medicine and family medicine residents as they were
found to require the most communication with health care team
members. The study also included a large variety of clinicians
who mainly work in the hospital setting, including surgery
residents and nurse practitioners (NPs) or physician assistants
(PAs), intensivists, pediatricians, endocrinologists, physiatrists,
and emergency medicine and obstetrics and gynecology
residents. This was done to test the usefulness of the app by
comparing providers who had high and low call volumes.

Study Protocol
Before the introduction of InHouse Call, the participants
completed a baseline survey of their experience with the current
hospital communication system, including its impact on their
workflow and how much time they spent searching for the
correct contacts each day. All participants completed the
baseline survey. After the completion of the survey, the
clinicians then participated in 2 rounds of timed trials, one using
their preferred traditional methods of either calling the operator
or using a pocket card/workstation contact list, and one using
InHouse Call.

For the first round of the timed trial, a piece of paper was placed
face down on the table in front of the participant at their

workstation, and the participant was instructed to complete the
task outlined on the piece of paper; namely, to make a phone
call either to a case manager, nurse, department, etc. The
participant was told that the timer would start when the piece
of paper was turned over and end when the call to the correct
contact rang once. The contacts were made aware ahead of time
that their phones may be ringing temporarily.

Before the second round of the timed trial, the participants were
then briefly introduced to InHouse Call. They were given 45-60
seconds to become familiar with its functionality. They were
shown how to locate a contact number using the “Search By
Patient Room” feature as well as by the department and clinic
subfolders. The same trials were conducted again with a
smartphone placed on the workstation table with the screen off
and app closed. These providers were instructed to again follow
the prompts on the piece of paper in front of them, this time
using InHouse Call to complete the task. In total, 85% of the
participants completed the trial phase of the study. The providers
who declined to participate in the timed trials were still
introduced to InHouse Call and its functionality.

The final phase of the study was an exit survey. Although only
85% of the participants completed the trial phase of the study,
100% of participants were shown and interacted with InHouse
Call and completed the exit survey, which included the NPS
questionnaire. Survey respondents were also asked about their
comfort level with the app to determine its usability.
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Outcome Measures
We evaluated InHouse Call’s effectiveness in connecting the
user with the correct contact in the hospital through the use of
objective timed trials and comparing the amount of time spent
in attempting to make the connection using traditional methods
(operator or pocket cards, etc) versus InHouse Call. Usability
was further quantified through the use of the NPS and the exit
survey.

Analysis Approach
We classified the participants by their area of practice, their
number of calls made in a workday, and their experience with
the current communication system. We then compared the
results of the timed trials using the traditional communication
methods versus InHouse Call. The results of the two methods

were further compared by average time, SD, and variance. The
NPS was obtained to determine the successful rollout of the
app, and the feedback obtained in the exit survey was
categorized into general themes or categories.

Qualitative data were managed and analyzed using Google
Sheets (Alphabet Inc).

Results

Characteristics of Study Subjects
There was a 100% response rate in the entrance and exit survey
for the 20 participants, while 85% of participants completed
some or all of the timed trials. Participants were classified in
accordance with the area of practice and number of calls made
in an average work day (Tables 1 and 2).

Table 1. Composition of the participating health care providers.

Proportion, %Provider specialty

5Obstetrics and gynecology

5Emergency medicine

5Pediatrics

5Neonatal intensive care unit nurse practitioner

5Endocrinology

10Physical medicine and rehabilitation

20Surgery

45Internal medicine, family medicine, or hospitalist

Table 2. Average number of calls made per participant.

Participants, n (%)Calls, n

1 (5)0-5

7 (35)6-10

5 (25)11-15

4 (20)16-20

1 (5)21-25

2 (10)26-30

Survey Results
In the entrance survey, 55% of respondents reported that it took
over a minute to connect with a health care team member
through the operator, while 65% reported the frequency of
dropped calls or being transferred to the wrong person when
using the operator as either occasionally or frequently (Tables
3 and 4).

In total, 75% of respondents reported frustration over not being
able to find the right contact daily or several times per week,
and 70% reported that poor communication impacted patient

care and workflow daily or several times per week (Table 5).
None responded that they were never frustrated by the inability
to contact the right person, or that poor communication never
impacted patient care and workflow.

A total of 80% of respondents reported spending at least 5
minutes of their workday searching for the right contact, with
10% reporting spending at least 20 minutes of their workday
(Table 6). When asked to determine the number 1 complaint
with communication in their hospital, 55% of respondents
reported “Hard to find the right number” (Table 7).
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Table 3. Perceived time spent with the operator to determine how long respondents felt it would take them to connect with a health care team member
(registered nurse, case manager, etc) through the switchboard.

Participants (n=16)a, n (%)Self-reported perceived time (minutes)

0 (0)<0.5

3 (15)0.5-1

2 (10)<1

6 (30)1-1.5

3 (15)1.5-2

0 (0)2.2-5

2 (10)>2.5

aDrop-out rate=20% (n=4 participants).

Table 4. Frequency of wrong transfers or dropped calls among respondents when using the switchboard method to reach a health care provider.

Respondents (n=18)a, n (%)Frequency

0 (0)Never

2 (10)Very rarely

3 (15)Rarely

6 (30)Occasionally

7 (35)Frequently

0 (0)Always

aDrop-out rate=10% (n=2 participants).

Table 5. Frequency of frustration among respondents (N=20) on not being able to find the right contact and poor communication affecting patient care
and workflow.

Poor communication affecting care delivery
and workflow among respondents, n (%)

Respondents frustrated on not finding the right contact, n (%)Frequency

0 (0)0 (0)Never

1 (5)0 (0)Once per month

4 (20)2 (10)Several times per month

1 (5)3 (15)Once per week

8 (40)8 (40)Several times per week

6 (30)7 (35)Daily

Table 6. Time spent by respondents (N=20) in searching the right contact on each day.

Respondents, n (%)Time (minutes)

4 (20)0-5

7 (35)5-10

7 (35)10-20

1 (5)20-30

1 (5)30-60

0 (0)>60
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Table 7. Primary complaint of respondents (N=20) with communication at the hospital.

Respondents, n (%)Complaint

1 (5)Transferred to the wrong person

5 (25)Takes too much time

11 (55)Difficult to find the right number

1 (5)All three circled

1 (5)Unable to reach intended person

1 (5)Poor interdepartmental communication

Timed Trials Results
Of the 20 survey respondents, 75% participated in the timed
trial to reach an RN. The average participant spent 78.7 seconds
to reach an RN via traditional methods and spent only 16
seconds when using InHouse Call (Table 8). Of the 15 trials
using traditional methods, one participant (participant 8) gave
up after 2 minutes owing to incomplete information available
on their pocket card, while another (participant 12) spent 203
seconds connecting to the right contact after experiencing a
dropped call.

Of the 20 survey respondents, 60% participated in the timed
trial to reach the ECHO department. The average participant
spent 49.9 seconds to reach the ECHO department via traditional
methods and spent 11.1 seconds via InHouse Call (Table 8). Of
the 12 trials using traditional methods, 3 participants gave up
(participants 6, 10, and 11): one owing to incomplete
information available on their pocket card, one owing to long
wait times, and the last one owing to a wrong transfer.

Of the 20 survey respondents, 11 (55%) participated in the timed
trial to reach a clinic. The average participant spent 43.9 seconds
to reach a clinic via traditional methods and spent 13.8 seconds
via InHouse Call (Table 8). Of the 11 trials using traditional
methods, 2 participants (participants 6 and 10) gave up owing
to incomplete information available on their pocket card.

Of the 20 survey respondents, 6 (30%) participated in the timed
trial to reach a wound care team member. All participants were
unable to complete the task using traditional methods, averaging
161.8 seconds before giving up and averaging 19.2 seconds via
InHouse Call with success (Table 8). The longest time a
participant attempted to reach a wound care team member using
traditional methods was a little over 300 seconds.

Out of 44 trials in total, the average time spent to connect to the
correct contact, via traditional methods was 73.5 seconds, while
the average time spent to connect to the correct contact via
InHouse Call was 14.6 seconds (Table 9). As no participant was
able to connect with a wound care team member via traditional
methods, that set of data collected may be considered outliers.
With the wound care team outlier data removed, the average
time spent to connect to the correct contact via traditional
methods was 59.5 seconds while the average time spent via
InHouse Call was 13.8 seconds.

Also shown in Table 9 is the degree of variability between each
call using traditional methods versus the consistency achieved
using InHouse Call. Analyzing the data without outliers, the
degree of variance using traditional methods was 1544.2
compared to 19.7 with InHouse Call. A call made using the
traditional methods deviated from the mean by 39.3 seconds,
while a call using InHouse Call deviated from the mean by 4.4
seconds.
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Table 8. Time to reach different health care providers by using the traditional method versus InHouse Call.

Time to reach the wound care

team (seconds)d
Time to reach a clinic (sec-

onds)c
Time to reach the echocardio-

gram department (seconds)b
Time to reach registered nurses

(seconds)a
Participant

InHouse CallTraditional
method

InHouse CallTraditional
method

InHouse CallTraditional
method

InHouse CallTraditional
method

206215241018201001

301212558147011482

121231562105217553

221801545195020334

16183103051517375

153021261126320256

N/AN/Ae14511010010857

N/AN/A15151220141278

N/AN/A1025104120689

N/AN/A136013120124710

N/AN/A8521117125811

N/AN/AN/AN/A7331620312

N/AN/AN/AN/AN/AN/A2012413

N/AN/AN/AN/AN/AN/A104314

N/AN/AN/AN/AN/AN/A2212815

aTwo participants gave up on the task on using traditional methods.
bThree participants gave up on the task on using traditional methods.
cTwo participants gave up on the task on using traditional methods.
dAll 6 participants gave up on the task on using traditional methods.
eN/A: not applicable.

Table 9. Comparison of timed trials by average time, SD, and variance.

t test (df)Variance (SD)Mean deviationAverage time

<0.001 (43)3328.52 (57.69)42.7573.50Traditional methods

N/Aa25.02 (5.00)3.9814.57InHouse Call

<0.001 (4)1544.19 (39.30)28.2859.55Traditional methods without wound
team data

N/A19.71 (4.44)3.6213.84InHouse Call without wound team
data

aN/A: not applicable.

NPS
All participants completed the exit survey after taking the initial
survey and being introduced to InHouse Call (Table 10). Of the
20 respondents to the exit survey, 95% (19/20) scored the

likelihood of recommending InHouse Call to a friend as a ≥9
on a 10-point Likert scale, and were therefore classified as
promoters. In total, 5% of the respondents scored this same
question as 7 or 8 and were classified as neutral, while none
provided a score of ≤7. This yielded an NPS of 95.
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Table 10. Exit survey results.

Respondents’ answers (N=20), n (%)Likeliness/usefulness ratinga

How likely would you rec-
ommend InHouse Call to
another coworker?

How likely would you use
InHouse Call in your daily
work?

How comfortable were you
using InHouse Call?

How useful did you find In-
House Call?

0 (0)0 (0)0 (0)0 (0)1-7

1 (5)3 (15)2 (10)1 (5)8

2 (10)1 (5)4 (20)2 (10)9

17 (85)16 (80)14 (70)17 (85)10

a1=least likely, 10=most likely.

Feedback Results
Nearly all survey respondents participated in the optional
write-in feedback section of the exit survey (Table 11).
Participants identified three major categories of feedback on
InHouse Call: (1) ease of use, (2) efficiency and usefulness in
daily work, and (3) opportunities for improvement. Table 11

summarizes these categories and provides participant quotes
for illustrative purposes.

Half of the participants commented on the ease of use, with
some describing the interface as “user-friendly” and “intuitive.”
Nearly half of participants commented on the app’s efficiency,
with several mentioning the benefit of not having to wait on
hold while making a telephone call.

Table 11. Exit survey with quotes.

Example quotesCategory of feedback

Ease of use • “Love the easy access to all necessary #'s, esp RN pods.” [PGY-4 Endocrinology Fellow]

• “Awesome, easy to use, time saver, eliminates hassle of searching numbers.” [Trauma Surgery
advanced practice provider/nurse practitioner/physician assistant]

Efficiency and usefulness in daily work • “App would be very useful.” [Hospitalist]

• “That is so much easier than using pocket cards or calling a main number to try to reach another
department. This app would greatly improve my productivity.” [PGY-3 Internal Medicine]

Opportunities for improvement

Can provide even further available in-
formation, such as other departments
and clinics

• “I would add charge nurse info in the room assignment search result. Make sure things like GI lab
+ pulm lab, etc.” [General Surgery advanced practice provider/nurse practitioner/physician assistant]

Can add other information such as on
call services and updated admission
algorithms

• “ICU Attending #, VIR, CT Surgery, Off site surgeons (example: southern surgical)...agree with
algorithm admissions, consult services.” [PGY-3 Emergency Medicine]

Discussion

Principal Findings
In a series of trials with a variety of providers, mostly
comprising internal medicine and family medicine residents
and hospitalists but including surgical NPs or PAs and
subspecialists, a total of 88 timed telephone calls were conducted
as part of the timed trials to assess the effectiveness of InHouse
Call. Traditional methods, such as using the operator services
or pocket cards are cumbersome, antiquated methods for making
calls in the hospital setting, and resulted in average trial times
of 73.5 seconds per call.

By eliminating these time-consuming steps, the average time
saved by using InHouse Call ranged from 45.71 seconds to
58.93 seconds. The time saved is significant when added over
longer periods of time and with larger pools of hospital clinician
users. Even when considering only the 10% of survey
respondents who self-reported making 26-30 calls per day, the

app would save those clinicians approximately 30 minutes of
time spent on the phone per work day. This could be
extrapolated by the estimated amount of phone calls made from
providers to the hospital operator of 1000 calls per day, and we
begin to see over 5000 work hours saved per year.

Wait times, transfers, and dropped calls were a major factor in
the large degree of variance when using traditional methods to
make a call. Conversely, InHouse Call eliminated these variable
factors and streamlined the process, resulting in a more
consistent outcome. This standardization in the process
demonstrates the app’s efficiency and was also reflected in the
participants’ feedback.

InHouse Call received an overwhelmingly positive response
from its users with a strong NPS of 95, owing largely in part to
the way it directly addressed participants’ top complaints with
the hospital communication system of “taking too much time”
and “difficulty finding the right number.” Eliminating long hold
times and call transfers addressed the time-consuming
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complaint, while the “Search Patient Room” database and
subfolders addressed the difficulty in finding the correct contact.
InHouse Call uses the patient’s room number as an invariant
through which a large amount of contact information can be
quickly accessed. The subfolders are also effective at organizing
contact information in large departments such as the radiology
department with several modalities such as computed
tomographic scan, magnetic resonance imaging (MRI),
ultrasound, and ECHO available. The subfolders quickly and
efficiently guide the user to the correct contact information
compared to when using an often difficult to read pocket card.

Although the tallies for average time saved and an NPS of 95
are good prognostic indicators for the potential reliability of
InHouse Call in a clinician’s daily work, there are several future
features which will further improve the app’s utilization. Chief
among them is the recently added ability to make calls directly
from the app, thus further streamlining the process by
eliminating the need to manually dial the number into the
clinician’s workstation phone. Furthermore, making the contact
information in the subfolders (MRI, clinics, etc) part of the
searchable database would further streamline the process of
accessing that information. Survey respondents provided
feedback for possible additional features including on-call
providers and an admission algorithm, which may eliminate
calls to the incorrect admission team.

In the exit survey, the lowest-scoring question was “How
comfortable were you using InHouse Call?” despite feedback
from the same survey respondents indicating that there was
significant ease of use and an intuitive user interface. This may
be accounted for by the fact that the respondents only had 45-60
seconds to familiarize themselves with the app before beginning
their trials and filling out the exit survey. Their ease and comfort
might be higher with a longer exposure time to the app and its
functionality. A larger pilot study of tracking the app’s usage
in the clinician’s workday would be advantageous to more
accurately determine the app’s integration into a provider’s
workflow. A system usability scale (SUS) would also be
beneficial to quantifiably ascertain InHouse Call’s usability in
addition to the exit survey and feedback provided.

Comparison With Preexisting Systems
Improved hospital communication has been a focus of modern
innovation for the past several decades. Several large medical
centers have relied on direct messaging systems such as Cureatr,
Cortext, and Voalte [13]. Although adequate in solving the
problem of communication, the major limitation with these
systems is that the name of the health care team member contact
is required to initiate the communication; nonetheless, the team
members’ shifts change too frequently for this information to
be kept up to date [14]. Further, these direct messaging systems
only communicate with each other in a closed loop and thus
add to an already complex hospital communication system.
InHouse Call addresses these shortcomings by first having a
database that is centered around a patient's room, and second
by utilizing the already existing hospital telephone system with
which users are familiar.

Some attempts have been made to create comprehensive hospital
directories, but these systems have not reached mainstream
success [15]. Their limitations include having their contact
information crowd-sourced [16], or their systems were unable
to alleviate frustration over finding the appropriate contact [17].
Studies regarding the usability and impact of other
communication systems on clinical practice are limited;
however, to our knowledge, this is the first study comparing
timed trials of actual providers in their natural work
environment.

Limitations
There are some limitations to this study. Since the app developer
and author was the person who conducted the study, there is
room for observation biases in the timed trials. However, the
effectiveness of the app is self-evident in the exceptional
time-saving results achieved. Further, the independent user
feedback obtained in the exit strategy praised the app’s
time-saving functionality. Participant bias is also a risk owing
to the participants being able to inherently see the aim of the
study and thus put forth varying effort during the trials. Attempts
to mitigate this bias were made by limiting the exposure of the
participant to InHouse Call before the completion of the first
round of the timed trials. In addition, the absence of incentives
and rewards for the participants help to decrease bias with the
results. Since the author and facilitator is also the app developer,
there is an inherent conflict of interest not unique to studies of
novel innovations. Conducting a larger study with more degrees
of separation between the developer and participants would help
mitigate this. Another limitation of the study was that it was
performed at a single hospital. Although utilizing a phone
operator system is common in all hospitals, there may be
variables in different phone networks, which may impair
InHouse Call’s usability across all health care systems.
However, InHouse Call is designed with the fundamental
structure of a hospital in mind by utilizing the patient room
number as the keystone of the contact database. Finally, owing
to the busy work schedules of the participants and the somewhat
lengthy study design, the number of volunteers, though diverse,
was limited. Thus, the sample size was small. A larger cohort
study would provide a more accurate insight into the app’s
receptivity.

Conclusions
We designed and implemented a novel native information
directory app, InHouse Call, and found that its application to
the average provider’s workday saves a significant amount of
time in placing calls. By eliminating wait times, call transfers,
and dropped calls, the average amount of time to initiate and
complete a call was significantly reduced as well as the
variability of time to complete the task. Users found the app
easy to use, effective, and useful for their daily work. The NPS
was an astounding 95, which is on par with other great apps.
Despite its current effectiveness, opportunities for improvement
were also determined. As InHouse Call relies on the current
telephone system already universally found in large hospitals,
it has the potential to be expanded to nearly all other institutions.
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Abstract

Background: There is an abundance of patient experience data held within health care organizations, but stakeholders and staff
are often unable to use the output in a meaningful and timely way to improve care delivery. Dashboards, which use visualized
data to summarize key patient experience feedback, have the potential to address these issues.

Objective: The aim of this study is to develop a patient experience dashboard with an emphasis on Friends and Family Test
(FFT) reporting, as per the national policy drive.

Methods: A 2-stage approach was used—participatory co-design involving 20 co-designers to develop a dashboard prototype,
followed by iterative dashboard testing. Language analysis was performed on free-text patient experience data from the FFT, and
the themes and sentiments generated were used to populate the dashboard with associated FFT metrics. Heuristic evaluation and
usability testing were conducted to refine the dashboard and assess user satisfaction using the system usability score.

Results: The qualitative analysis from the co-design process informed the development of the dashboard prototype with key
dashboard requirements and a significant preference for bubble chart display. The heuristic evaluation revealed that most cumulative
scores had no usability problems (18/20, 90%), had cosmetic problems only (7/20, 35%), or had minor usability problems (5/20,
25%). The mean System Usability Scale score was 89.7 (SD 7.9), suggesting an excellent rating.

Conclusions: The growing capacity to collect and process patient experience data suggests that data visualization will be
increasingly important in turning feedback into improvements to care. Through heuristic usability, we demonstrated that very
large FFT data can be presented in a thematically driven, simple visual display without the loss of the nuances and still allow for
the exploration of the original free-text comments. This study establishes guidance for optimizing the design of patient experience
dashboards that health care providers find meaningful, which in turn drives patient-centered care.

(JMIR Hum Factors 2022;9(1):e27887)   doi:10.2196/27887
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Introduction

Patient Experience
Understanding patients’ experience of health care is central to
the process of providing care and is a fundamental pillar of
health care quality. It is now widely acknowledged that patients
want to give feedback about health care [1] and that staff should
be listening to what their patients say about the experience of
being in the hospital. However, whether staff can use this
feedback to make changes to improve patients’ experiences is
now a national initiative [2-6]. This pertains to differing areas
of the health care system, from senior management at the level
of the hospital board down to individual frontline health care
staff. There is a concern that the ever-growing collection of
feedback is not being used for improvement but rather represents
a tick box mentality of organizations thinking that they are
listening to their patients’ views but not actually doing so [7].
Several studies have looked at teams of frontline staff to
understand how ward staff can engage with patient feedback to
make meaningful improvements [1,4,5,8]. Most of the literature
in this area finds that despite enthusiasm to make improvements
and the vast rhetoric around this, proactive changes are often
minimal and largely concentrated on “quick fixes” [3].

Using Patient Experience Data to Drive Change
Health care organizations within the English National Health
Service (NHS) have received recent encouragement to
understand the ways in which they use patient feedback to
improve care [9]. NHS England and NHS Improvement have
implemented changes in patient experience data collected via
the Friends and Family Test (FFT). One area of focus is placing
greater emphasis on the use of FFT data to drive improvement.
For health care organizations to act on this policy change, they
need to tackle both macrolevel factors (how organizational
structures are unwittingly preventing progress) and microlevel
factors (how individual clinicians and teams of staff have
difficulty engaging with the data sources) [4]. An organizational
strategic focus that prioritizes use over collection and ensures
data are relayed to staff by patient experience teams in an
accessible, straightforward, and engaging manner is required.
Staff training on both quantitative and qualitative analytical
techniques and quality improvement (QI) methodologies is also
needed. There should be an organizational emphasis where
patient experience data collected can be meaningfully used by
frontline staff.

Visualizing Patient Experience Data Through
Web-Based Dashboards
There is some evidence that implementing quality dashboards
provides constant access to information that can improve
adherence to quality guidelines and may help improve patient
outcomes [10]. Key reports have called for comprehensive,
real-time health care information technology to be integrated
into clinical and management processes in health care to improve
quality and patient safety [11-13]. A recent report by the

National Institute for Health Research [14] recommends that
health care organizations produce dashboards and describes
dashboards as essential tools to help staff understand areas for
improvement in a timelier manner. Visualization of patient
feedback is crucial for helping frontline staff and key
stakeholders make sense of the structure and underlying patterns
in their patients’ experiences. The insights gained from these
underlying patterns have the potential to answer vital questions
at the point of care [15]. To facilitate this, engaging staff and
patients using a co-design approach to visualize feedback is
likely to result in sustainable improvements at a local level.
Co-design is a process in which targeted end users and other
relevant stakeholders form a partnership with researchers and
work together on all aspects of intervention development, from
needs assessment to content development, pilot-testing, and
dissemination [16]. Co-designed interventions may be more
effective than traditional approaches where interventions are
largely designed by researchers and clinicians. This approach
increases the involvement of key stakeholders by encouraging
a bottom-up approach, thereby helping health care organizations
think differently [17]. The aim of this study is to develop a
patient experience dashboard with an emphasis on FFT
reporting, as per the national policy drive. An iterative process
involving co-design with key stakeholders was used to develop
the dashboard, followed by heuristic usability testing.

Methods

Setting
This study was conducted at a large London NHS trust.
Alongside other health and care partners, the trust caters to a
population of approximately 2.3 million people across its 5 sites.
Services include accident and emergency, inpatient, outpatient,
and maternity, which routinely collect FFT patient experience
data. At least one stakeholder from each of the 4 service settings
participated in this study.

Study Design
This study had two key design stages: (1) dashboard
development and (2) dashboard testing (Figure 1). Stage 1
followed a participatory co-design process, which involved key
stakeholders (namely health care staff, managers, and a patient
representative) in the design of the dashboard. Stage 2 involved
heuristic assessment to conduct an informal usability inspection
of the dashboard to evaluate whether the user interface of a
system adhered to a set of usability principles known as
heuristics [18,19]. An invitation letter and a participant
information sheet were emailed to the key stakeholders.
Informed consent was obtained before interview participation.
The researchers led the ideas groups, facilitated and summarized
the discussions, took field notes, and made audio recordings.
The study received ethical approval from North East–Tyne and
Wear South Research Ethics Committee, 17/NE/0306, and took
place between April 2018 and February 2019.
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Figure 1. Participatory co-design process used in the study, including stage 1 (developing the dashboard) and stage 2 (testing the dashboard).

Patient Experience Reports
Retrospective FFT data were used for the intervention from
January 2017 to July 2017. We extracted approximately 69,285
FFT responses and associated comments, which were considered
adequate to demonstrate the satisfactory accuracy of the text
analytics software [20]. Free-text fields identifying favorable
service (What did we do well?) and areas requiring improvement
(What could we do better?) were extracted from the patient
experience reports across 4 care settings. Using language
analysis, free-text comments were themed according to the 2011

English NHS Patient Experience Framework [21] (Textbox 1).
The framework was developed by the NHS National Quality
Board to guide the measurement of patient experience across
the NHS. The framework outlines the elements that are critical
to the patients’ experience of NHS services. Sentiment analysis
was performed for each free-text comment (ie, positive,
negative, or equivocal; Textbox 2). The free-text data (themes
and sentiments) from the language analysis and associated FFT
parameters were presented to the key stakeholders to develop
a bespoke dashboard.

Textbox 1. The eight themes that outline the elements that are critical to patients’ experiences [21]. The themes in italics were added by the research
team to include comments that did not fall into the original framework themes.

Patient Experience Framework themes

• Respect for patient-centered values, preferences, and expressed needs

• Coordination and integration of care

• Information, communication, and education

• Physical comfort

• Emotional support

• Welcoming the involvement of family and friends

• Transition and continuity

• Access to care

• Staff

• General

• Unclassified

Textbox 2. The four sentiment categories used to classify patient experience Friends and Family Test free-text comments.

Sentiment categories

• Positive

• Neutral

• Negative

• Unclassified
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Participatory Co-design
In the co-design process, the concepts Ideas groups, Stakeholder
needs, and Prototyping were used as described in the Health
Service Co-design toolkit [22]. This meant having an iterative
refinement process that was reactive to the participants’
feedback. Ideas groups are a tool used to brainstorm ideas for
improvement and ways of implementing them in clinical
practice. A stakeholder needs table was a useful tool for
sketching out possible improvements near the start of the
co-design as well as deciding on key areas for improvement
and specific improvements later. Prototyping was used to test
new products to see if they worked and was a useful way to
engage and stimulate creativity among the stakeholders taking
part in ideas groups [22].

User Needs for Patient Experience (FFT) Reporting
Through purposive sampling, we began by identifying staff to
act as co-designers within the patient experience team, followed
by lead nurses and junior staff based in 4 care settings: inpatient,
outpatient, accident and emergency, and maternity. This strategy
helped ensure that we included staff that were either directly or
indirectly involved in patient care. A criterion required the
interviewees to have a good overview of patient experience
feedback, including the FFT, and be currently using all or part
of this service in their everyday activities.

Stakeholders came together in ideas groups, and the aim was
described: to develop a dashboard that would allow for succinct
visualization of the analyzed free text from the FFT reports to
identify areas of improvement in a timely manner. In the first
ideas group, we discussed the parameters from the FFT reports,
including the free-text language analysis output ideas (Textbox
3) and key requirements of the dashboard that were deemed
important. In total, 2 research facilitators (MK and SHW) began
each 90-minute focus group with a brief presentation of the
language analysis toolkit followed by a display of all the FFT
parameters, including the free-text language analysis output,
separated by theme and sentiment. The participants then broke
into 5 groups of 4 to brainstorm ideas on how the FFT reports
(ie, core parameters and key requirements that needed to be
incorporated into the dashboard) and the various display formats
were sketched, and the reasons were presented by a
representative in each group. Each participant then had to
independently rank their preferred display format (ie, rank order
from 1=first to 4=last). The interviews were transcribed verbatim
and double-checked for inaccuracies. To aid trustworthiness of
data collection, the first author checked accuracy against
interview audio recordings, and the participants were asked to
review the transcript of their interview and any sensitive
comments were redacted before analysis.
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Textbox 3. Friends and Family Test (FFT) questions, including supplementary questions and associated parameters that are routinely collected as part
of the FFT survey.

FFT questions

• How likely are you to recommend our service to friends and family if they needed similar care or treatment?

• Extremely likely

• Likely

• Neither likely nor unlikely

• Unlikely

• Extremely unlikely

• Don’t know

• What did we do well?

• Patient experience theme

• Sentiment

• What could we do better?

• Patient experience theme

• Sentiment

Associated parameters routinely collected as part of the FFT survey

• Date

• Hospital

• Division

• Ward or clinic

• Language used

• Channel

• Responder (patient, carer, or family)

• Gender

• Ethnicity

• Age range

• Disability

Development of the Prototype Dashboard
A prototype was developed and sent out to all the participants.
Within 2 weeks, a member of the research team (MK) visited
each participant to understand stakeholder needs and gather
information on the prototype design (including layout, colors,
and information presented on the dashboard) and suggestions
for improvements. In general, these feedback sessions lasted
approximately 10 to 15 minutes.

Heuristic Evaluation and Usability Testing
The primary goal of this evaluation was to reduce errors in
interpretation and accommodate rapid comprehension, which
is critical for using FFT reports in a timely manner. This
heuristic evaluation was our initial step toward the development
of FFT-visualization-specific heuristics. For this study, we used
a validated heuristic evaluation checklist developed to evaluate
systems that produce information visualizations [23]. The
principles from the heuristics by Nielsen [24] were combined

with heuristic principles developed specifically to evaluate
information visualization. The use of evaluators who are experts
in visual design and understand the analytic intent of the
visualizations was important. This was conducted by JS, who
has health and design expertise, and by RK and MU, who have
health, design, and QI expertise. The checklist consists of 10
usability principles substantiated with 49 usability factors. If
the factor was present, the evaluator gave a score of 1 (Yes) and,
if it was not present, they gave a score of 0 (No or N/A) [25].
The evaluators drew from heuristic principles related to visual
and graphical perception and best practices in graph design as
well as years of experience in clinical practice and QI.

The System Usability Scale (SUS) [26], which is a validated
posttest questionnaire, was used to measure user satisfaction
with product usability. It consists of 10 statements that are
scored on a 5-point scale of strength of agreement that captures
ratings of electronic devices or systems, including respondent
assessments of future use, complexity, ease of use, and perceived
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usefulness of the display of results. The questionnaire provides
a score (range 0-100) based on a participant’s rating of 10
statements regarding a product’s usability. Higher scores
indicate greater satisfaction with usability. As a general rule, a
system with a score of >70 has acceptable usability; a lower
score means that the system needs more scrutiny and continued
improvement [27].

Data Analysis
Data from the ideas groups and from the open-ended questions
in the questionnaires were evaluated, discussed, and summarized
by the research group. As the aim was to identify improvement
ideas expressed by the participants and evaluate the intervention,
the data were summarized without an in-depth qualitative
analysis. Descriptive statistics were used to describe the
participants’ background characteristics. Frequencies and
proportions were used to describe the outcomes of the
questionnaires and were calculated using Microsoft Excel
(version 2019).

The SUS was scored by converting responses to a 0-4 scale (4
was the most positive response). The converted responses were
added and multiplied by 2.5, as per the scoring instructions,
giving a range of possible values from 0 to 100. Descriptive
statistics were used to summarize the SUS scores across all the
evaluators of the system. The output from a heuristic evaluation
is a summary list of usability problems identified by the group
of evaluators. The scores for each heuristic were calculated by
dividing the total number of factors (points) awarded by the
total number available. The higher the score, the more usable
the system was considered to be.

Results

Co-designers’ Characteristics
A total of 20 co-designers were recruited for this project (Table
1). We selected co-designers with a variety of characteristics
in terms of their professional background, the service settings
(division) they were employed in, and whether they were clinical
or nonclinical to ensure that the development of the dashboard
took into account a diversity of participants.

Table 1. Characteristics of the co-designers (N=20).

Participants, n (%)Characteristic

Professional background

6 (30)Nursing and midwifery

2 (10)Allied health

2 (10)Medical

Nonclinical service

3 (15)Patient experience

3 (15)Quality improvement

2 (10)Data analytics

2 (10)Health care design

Division

3 (15)Surgery and cancer

4 (20)Medicine and integrated care

3 (15)Women and children, and clinical support

Nonclinical service

3 (15)Patient experience

3 (15)Quality improvement

2 (10)Data analytics

2 (10)Health care design

Participatory Co-design Process
The participants were generally enthusiastic about the
development of a visualization tool for displaying FFT data
and, in particular, the free-text comments in a meaningful way
and in near real time. Most felt that a dashboard might highlight
areas that required improvement as well as areas that had been
improved, which might enhance how staff interacted with FFT
data. Results from the ideas group were separated into the FFT
parameters that were deemed important, key requirements that

should be considered during development, and ranking of the
4 dashboard sketches.

FFT Parameters
The feedback from the ideas group highlighted that, although
all parameters were important, only a select number were chosen
to be displayed on the opening screen, whereas the rest could
be accessed through a tab. The most important parameters were
date, ward or division, sentiment, and patient experience theme.
As the FFT is anonymous, most staff thought that segmenting
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the feedback by demographics had a risk of identifying the
patient, especially if the reports were accessed in real time. The
date of feedback was crucial to respond in near real time and
to look for trends and assess progress over time. The ward or
division was required so that feedback could be accessed by all
staff, ensuring transparency as well as identifying opportunities
for improvement (eg, from other wards with similar specialties
or patient profiles). The FFT score was considered less insightful
in understanding where improvements needed to be made, and
the participants unanimously agreed that the free-text option
should take precedence when displaying the FFT data and should
be displayed on the opening dashboard screen. Individual
sentiment was not considered useful as most were positive;
however, the average sentiment of each patient experience theme
was the preferred approach. The participants highlighted that
negative comments could be sandwiched between positive
comments and vice versa and that staff felt it was important to

consider this context rather than separate the positive comments
from the negative comments. Therefore, the themes with average
sentiment were displayed as to improve in relation to the
question What could we do better and as doing well in relation
to the question What did we do well? Despite the free-text
comments being clustered into themes, frontline staff agreed
that they should have the opportunity to drill down into specific
or unusual comments for further manual analysis to gain
additional insight.

Key Dashboard Requirements
We summarized feedback from the ideas group on what an ideal
dashboard would require in relation to FFT reporting (Textbox
4). The statements reported related to accessing the reports in
an easy and understandable manner that allowed staff to
assimilate the pertinent information in a short time frame,
thereby addressing patients’ experiences as they are reported.

Textbox 4. A summary of the key requirements for the dashboard from the ideas group.

Key requirements for the dashboard

• Easy access to the data in a visual and usable format

• Data provided in a way that can be engaged with by frontline staff

• Summary data that can be mined down to individual comments

• Locally relevant information displayed for comparison across similar wards

• Ability to see change through the months or years

• Facilitating discussion with the executive board acting as leverage to drive change

• Information provision in near real time

• Positive feedback, celebratory sharing with teams

• Free text better than scores

• Giving all ward staff ownership of the data, narrowing the

skill gap

• Content should not be overwhelming

• Imparting a positive mindset to improvement as

core activity

Dashboard Design Popularity
A total of 4 main dashboard design formats were presented by
the 4 groups: bar chart, line graph, bubble chart, and pictograph.
Table 2 shows the preference rankings. The bubble chart was
ranked first, being the most preferred by the participants

(P<.001). This was primarily because the participants favored
displaying the experience visualizations using the same format
as other visualizations currently used in the organization, for
example, the Patient Safety dashboard. This consists of the
safety incidents using a bubble chart, which is currently used
by all staff within the organization.

Table 2. Mean preference ranking (1=lowest and 4=highest) for each display dashboard among the co-design participants (N=20).

Preference ranking, mean (SD)Dashboard design format

3 (0.86)Bar chart

1.35 (0.59)Line graph

3.5 (0.69)Bubble chart

2.05 (0.89)Pictograph
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Development of the Dashboard Prototype
On the basis of observations, interviews, and feedback, we
developed an information-rich suite of display implemented in
Tableau (Tableau Software) that provided at-a-glance
information of FFT-reported free-text data. Tabs for each
dashboard were visible across all views that document the
individual steps taken to develop the final dashboard. However,
for the dashboard testing, the dashboard was presented on a
Tableau reader, which does not allow the user to make any
changes. The census overview was the opening screen, which
contained the top 5 themes with the most negative sentiment
presented on the left as to improve and the top 5 themes with
positive sentiment presented on the right as doing well for all
inpatient comments (Figure 2). A traffic light color coding

system was developed (ie, the most negative sentiment was
coded as red and the most positive sentiment was coded as green
presented as a word heat map; Figure 2). The user had the ability
to configure their preferences by isolating the visualization
based on positive or negative sentiment instead of side-by-side
comparison (Figure 3). There was a date range toggle bar and
a list of wards on the right side of the dashboard screen that
could be selected by the user or where the number of comments
and average sentiment in each theme bubble could be viewed
by hovering over each data point. The final version embodies
a dashboard where users can interact with the visualization, use
filters to modify the display, and select an individual theme
bubble that presents all the free-text comments within that
specific theme (Figure 3).

Figure 2. Prototype dashboard presented in a bubble chart, where inpatient free-text comments are split by the top 5 themes and sentiment (negative
[to improve] on the left and positive [doing well] on the right). A word heat map demonstrates the most common words found within the free-text
comments, followed by individual comments.
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Figure 3. This display demonstrates only negative (to improve) inpatient comments with web-based features. The word heat map shows the most
common comments split by negative sentiment in red and positive sentiment in green, followed by individual comments that describe physical comfort
only.

Heuristic Evaluation and Usability Testing
Most cumulative scores from the 3 participants who took part
in the heuristic evaluation had no usability problems (18/20,
90%), had cosmetic problems only (7/20, 35%), or had minor
usability problems (5/20, 25%). The areas requiring attention
recorded by a higher severity rating were user control and
freedom, and consistency and standards. The percentage score
was lowest in user control and function (60%) followed by
consistency and standards (66.7%), and the highest score was
flexibility and efficiency of use (90%) followed by visibility of
system status (88.3%; Table 3). The heuristic evaluators also
made suggestions for their implementation. Specific issues that
required addressing were having the dashboard service settings
consistent (eg, inpatient compared with maternity; minor
usability problem), making the data accessible on hovering the
mouse (cosmetic problem only), ensuring the data were
presented as the 2 supplementary questions (cosmetic problem
only), changing all font to Arial (cosmetic problem only),
increasing the size of the bubble (cosmetic problem only),

presenting the data in descending order and having the month
toggle bar at the top of the screen (minor usability problem),
and excluding the comments themed as general (minor usability
problem). There was unanimous feedback that the word-based
heat map, although useful, did not add much to gaining
knowledge and made the dashboard cluttered (minor usability
problem); however, the color coding should remain for the
headings (ie, green for positive sentiment and red for negative
sentiment) and the caption above the comments should be
removed (cosmetic problem only). As the dashboard was
presented on a Tableau reader that did not allow the participants
to make any changes, some of the questions about user control
and freedom did not apply; however, the free-text responses
from the participants were taken into account.

Amendments were made accordingly, and the final dashboard
(Figure 4) was tested on the participants for satisfaction. The
mean SUS score was 86.97 (SD 5.79), and the median score
was 87.5. Participants from a nursing background and those
from the patient experience team with a nonclinical background
had the highest scores.
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Table 3. Mean heuristic evaluation ratings for the prototype dashboard.a

Score result (%)Score, mean (SD)Overall severity rating, mean (SD)Heuristic evaluation (maximum score)

83.35 (1)0 (0)Visibility of system status (6)

804 (1)0.7 (1.2)Match between system and the real world (5)

603 (1)1.7 (0.6)User control and freedom (5)

66.74 (1)1.3 (0.6)Consistency and standards (6)

753 (1)0.7 (1.2)Recognition rather than recall (4)

906.3 (0.6)0.7 (0.6)Flexibility and efficiency of use (7)

71.45 (1)0 (0)Esthetic and minimalist design (7)

77.82.3 (0.6)0 (0)Spatial organization (3)

66.71.3 (0.6)0.7 (0.6)Information coding (2)

753 (0)0 (0)Orientation (4)

aThe maximum score that each question can receive is shown in parentheses. The overall severity rating score ranges from 0 (no usability problem) to
4 (usability catastrophe), and the mean overall severity rating is shown. The score result is calculated as a percentage of the maximum score.

Figure 4. Final dashboard amended following heuristic evaluation, which was tested using the System Usability Scale. This dashboard presents inpatient
comments divided into the top 5 themes in descending order with negative (to improve) and positive (doing well) sentiment.

Discussion

Principal Findings
Quality dashboards integrating health care data offer innovative
means of providing metrics that can facilitate QI [28]. We
demonstrated an iterative approach to developing a web-based
dashboard using free-text FFT data collected as part of a national
drive to improve quality. To the best of our knowledge, this is
the first study using co-design principles and heuristic evaluation
to develop a dashboard to visualize free-text FFT data for QI.

The literature suggests that data availability is a crucial
precondition for the development of dashboards [29]. However,

this presents health care organizations with a challenge as data
are often presented in quantitative and summative format,
whereas staff also desire qualitative information [29,30],
confirming our findings. Therefore, facilitated by the findings
from our co-design study, we extended the scope of the FFT
data by augmenting the dashboard with associated free-text
data, which not only provides a richer narrative but also makes
the data more meaningful to staff [5].

Previous research shows that actual dashboard development
often starts with the translation of available data into useful
dashboard content [29], and the use of focus groups facilitates
a better understanding of the needs and wishes of the

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e27887 | p.532https://humanfactors.jmir.org/2022/1/e27887
(page number not for citation purposes)

Khanbhai et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


stakeholders when formulating a design [28]. Our focus groups
were guided by co-design principles—involving stakeholders
in the design and development of visualization tools increases
functionality and usability by meeting stakeholder requirements,
thereby improving the quality of the system and increasing the
likelihood of achieving intended health outcomes [31]. The
literature on dashboard development mostly addresses the
technical aspects of development processes while overlooking
the organizational aspects [28]. Combining technical and
organizational aspects into one comprehensive development
process was vital for addressing this challenge. Our 2-stage
approach illustrates a range of stakeholder engagement methods,
dashboard prototypes, and design insights on meaningful
dashboard content, format, and clinical use.

A stark finding from Weggelaar-Jansen et al [28] revealed that
no hospital taught health care professionals or managers to
understand statistical measurements and the related graphics to
help them understand the dashboard. In addition, the studies
[32,33] that used co-design to create a dashboard for Cancer
Patient Experience Survey data and the patient experience toolkit
did not clearly address the time poverty that is a growing
challenge, hindering health care staff from having dedicated
time within their duties to engage with the dashboard.
Addressing these issues was a key requirement that was raised
during the ideas group discussion in our study. The participants
raised the issue that the pre-existing format of patient experience
reporting used too much technical language, which required
training in data analysis and statistics to facilitate its full
understanding to then use the results appropriately. This aspect
was particularly important to ensure that the dashboard was
interwoven into the daily activities of frontline staff. Therefore,
the participants unanimously agreed to create a patient
experience dashboard that would follow an existing format that
was established and widely used in the organization—the Patient
Safety dashboard. This meant that the prototype evolved and
adapted exploring similarities with the Patient Safety dashboard
but displayed patient experience data that would enable staff to
meaningfully engage with the new dashboard without costing
so much of their time. Adopting a new visualization that was
different from the format of the currently used Patient Safety
dashboard would have resulted in a steep learning curve and
possibly discouraged and disengaged staff, thereby failing to
translate FFT reports into actionable interventions.

To achieve a broadly comprehensible layout, we ensured that
the real-time graphic and visual presentation of the content fit
the purpose of the dashboard [10]. Previous studies [32,33] have
highlighted the use of visual and physical media as a form of
sharing and communicating, which helped remove barriers to
mutual understanding. Short summaries (eg, dashboards and
graphs) are essential tools to help staff understand areas for
improvements quickly [32] as the presentation of data enables
them to navigate it in ways that answer questions specific to
their service or to particular patients [33]. Embedding the
outcomes of the participatory co-design process informed the
development of the prototype, and validation with stakeholders
using established usability techniques provided reassurance that
the approach had value for staff.

To enable stakeholders to customize dashboard content to their
own needs, research suggests that health care organizations add
3 main functionalities, namely, drill-down, filter, and alert
functions [28]. Our dashboard fulfilled these criteria with the
availability of filters to modify the display and select an
individual theme bubble to present all the free-text comments
within that specific theme and sentiment, and the ability to view
the 5 most important themes as determined by sentiment. An
interesting trade-off was observed between the need for detail
and the need for brevity during the usability evaluation.
Feedback from the heuristic evaluation demonstrated that the
appearance of the dashboard needed to be simple and that it
should not look like a major task to understand the features.
Through a series of adaptations, we addressed the cosmetic
problems (n=7) and minor usability problems (n=5) to deliver
a punchy dashboard and still contain all the desired features and
requirements that had been highlighted during the co-design
process. These dashboard features specifically improved staff
engagement and empowerment by attracting their attention and
stimulating them to pay attention to the information of interest,
keeping their attention and interest for longer periods, and
providing a greater depth of content [19]. This meant that the
final dashboard was ultimately designed for use by all health
care staff, as demonstrated by the usability score. In general, it
is considered that usable products should have SUS scores of
>70; our prototype had a mean SUS score of 86.97 (SD 5.79),
suggesting acceptable usability [27]. The highest scores came
from the participants from a nursing background and the patient
experience team, which is an encouraging result. We hope that
this translates to sustained engagement in the use of the
dashboard and, as a consequence, generates a body of patient
experience ambassadors to help raise awareness of the use and
importance of patient experience dashboards across the
organization.

Limitations
This study was conducted at a single hospital, and all
participants were employees within the hospital, thereby causing
selection bias. Although this is a limitation, the principles
underlying the development of the dashboard are transferable
across different hospitals that collect patient experience
feedback. This dashboard was only accessible to participants
in the study; therefore, usability was evaluated on the same
participants from the co-design process, inviting reporting bias
on the final SUS score. Another important limitation that has
implications beyond this particular co-design study is the
potential for the idealization of the work context by the staff
involved. When staff are taken off the ward and given some
time and space to be involved in co-designing an intervention,
which later they will deliver in a busy ward, they are not
necessarily able to anticipate the difficulties that they will face.
Alternatively, they may ignore these challenges because they
are fearful of admitting to them in a group setting, particularly
in a group that includes patients.

It could be said that we are currently at a key pivotal moment
in terms of the patient experience debate in relation to both
national and local policy and what is occurring on the ground.
This is because there is an ever-clearer and acknowledged push
for improvement to arise from patient feedback, but individuals
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and systems are constrained from doing so. This study has
attempted to address the point in the National Institute for Health
Research report [14] that there is still uncertainty as to how to
present patient experience data in a meaningful and granular
way that stimulates local action. An important result and
advantage of our study’s approach is that it draws together very
large FFT data into a thematically driven, simple visual display
without loss of the nuances that other manually based methods
can have, and it can still allow for exploration of the original
free-text comments.

Conclusions
The use of visualization techniques such as dashboards is
increasing in response to staff needs for summarized, easily

interpreted patient information at the point of care. In this study,
through a participatory co-design process and usability heuristic
evaluation, we developed and refined a dashboard displaying
patient experience, namely FFT data, for use by staff and key
stakeholders in near real time. The contributions of this study
establish guidance for optimizing the design of FFT dashboards
that key stakeholders, especially frontline staff, find meaningful
and, in turn, support patient-centered care. The impact of this
work is being measured in an ongoing trial, the results of which
will guide future refinement, integration with electronic health
care records, and steps toward dissemination.

 

Acknowledgments
The authors would like to thank the Imperial College Healthcare National Health Service Trust staff for their participation in the
study, the Digital Reference Group for their input in the study protocol and strategic support, and the Imperial Clinical Analytics
Research and Evaluation (iCARE) for translating the language analysis output into near real-time visualizations. This work was
supported by the National Institute for Health Research Imperial Patient Safety Translation Research Centre. Infrastructure support
was provided by the National Institute for Health Research Imperial Biomedical Research Centre. The research was enabled by
the iCARE environment and used the iCARE team and data resources. The study funders did not play a role in the study design;
the collection, analysis, and interpretation of the data; the writing of the report; or the decision to submit the paper for publication.
In addition, researchers were independent from funders, and all authors had full access to all of the data included in this study
and can take responsibility for the integrity of the data and accuracy of the data analysis.

Conflicts of Interest
None declared.

References
1. Lawton R, O'Hara JK, Sheard L, Armitage G, Cocks K, Buckley H, et al. Can patient involvement improve patient safety?

A cluster randomised control trial of the Patient Reporting and Action for a Safe Environment (PRASE) intervention. BMJ
Qual Saf 2017 Aug 03;26(8):622-631 [FREE Full text] [doi: 10.1136/bmjqs-2016-005570] [Medline: 28159854]

2. Coulter A, Locock L, Ziebland S, Calabrese J. Collecting data on patient experience is not enough: they must be used to
improve care. BMJ 2014 Mar 26;348(mar26 1):g2225. [doi: 10.1136/bmj.g2225] [Medline: 24671966]

3. Gleeson H, Calderon A, Swami V, Deighton J, Wolpert M, Edbrooke-Childs J. Systematic review of approaches to using
patient experience data for quality improvement in healthcare settings. BMJ Open 2016 Aug 16;6(8):e011907 [FREE Full
text] [doi: 10.1136/bmjopen-2016-011907] [Medline: 27531733]

4. Sheard L, Peacock R, Marsh C, Lawton R. What's the problem with patient experience feedback? A macro and micro
understanding, based on findings from a three-site UK qualitative study. Health Expect 2019 Feb 22;22(1):46-53 [FREE
Full text] [doi: 10.1111/hex.12829] [Medline: 30244499]

5. Reeves R, West E, Barron D. Facilitated patient experience feedback can improve nursing care: a pilot study for a phase
III cluster randomised controlled trial. BMC Health Serv Res 2013 Jul 04;13:259 [FREE Full text] [doi:
10.1186/1472-6963-13-259] [Medline: 23826970]

6. Flott KM, Graham C, Darzi A, Mayer E. Can we use patient-reported feedback to drive change? The challenges of using
patient-reported feedback and how they might be addressed. BMJ Qual Saf 2017 Jun 20;26(6):502-507. [doi:
10.1136/bmjqs-2016-005223] [Medline: 27325796]

7. Robert G, Cornwell J. Rethinking policy approaches to measuring and improving patient experience. J Health Serv Res
Policy 2013 Apr 01;18(2):67-69. [doi: 10.1177/1355819612473583]

8. Sheard L, Marsh C, O'Hara J, Armitage G, Wright J, Lawton R. Exploring how ward staff engage with the implementation
of a patient safety intervention: a UK-based qualitative process evaluation. BMJ Open 2017 Jul 13;7(7):e014558 [FREE
Full text] [doi: 10.1136/bmjopen-2016-014558] [Medline: 28710206]

9. NHS England and NHS improvement guidance: using the Friends and Family Test to improve patient experience. National
Health Service. URL: https://www.england.nhs.uk/wp-content/uploads/2019/09/
using-the-fft-to-improve-patient-experience-guidance-v2.pdf [accessed 2021-12-26]

10. Dowding D, Randell R, Gardner P, Fitzpatrick G, Dykes P, Favela J, et al. Dashboards for improving patient care: review
of the literature. Int J Med Inform 2015 Feb;84(2):87-100. [doi: 10.1016/j.ijmedinf.2014.10.001] [Medline: 25453274]

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e27887 | p.534https://humanfactors.jmir.org/2022/1/e27887
(page number not for citation purposes)

Khanbhai et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://qualitysafety.bmj.com/lookup/pmidlookup?view=long&pmid=28159854
http://dx.doi.org/10.1136/bmjqs-2016-005570
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28159854&dopt=Abstract
http://dx.doi.org/10.1136/bmj.g2225
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24671966&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=27531733
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=27531733
http://dx.doi.org/10.1136/bmjopen-2016-011907
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27531733&dopt=Abstract
https://doi.org/10.1111/hex.12829
https://doi.org/10.1111/hex.12829
http://dx.doi.org/10.1111/hex.12829
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30244499&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/1472-6963-13-259
http://dx.doi.org/10.1186/1472-6963-13-259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23826970&dopt=Abstract
http://dx.doi.org/10.1136/bmjqs-2016-005223
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27325796&dopt=Abstract
http://dx.doi.org/10.1177/1355819612473583
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=28710206
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=28710206
http://dx.doi.org/10.1136/bmjopen-2016-014558
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28710206&dopt=Abstract
https://www.england.nhs.uk/wp-content/uploads/2019/09/using-the-fft-to-improve-patient-experience-guidance-v2.pdf
https://www.england.nhs.uk/wp-content/uploads/2019/09/using-the-fft-to-improve-patient-experience-guidance-v2.pdf
http://dx.doi.org/10.1016/j.ijmedinf.2014.10.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25453274&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


11. Francis R, Mid Staffordshire NHS Foundation Trust Public Inquiry. Report of the Mid Staffordshire NHS Foundation Trust
Public Inquiry. London, United Kingdom: Stationery Office; 2013.

12. Keogh B. Review into the quality of care and treatment provided by 14 hospital trusts in England: overview report. National
Health Service. URL: https://www.nhs.uk/nhsengland/bruce-keogh-review/documents/outcomes/keogh-review-final-report.
pdf [accessed 2021-12-26]

13. A promise to learn – a commitment to act: improving the safety of patients in England. National Advisory Group on the
Safety of Patients in England. 2013. URL: https://assets.publishing.service.gov.uk/government/uploads/system/uploads/
attachment_data/file/226703/Berwick_Report.pdf [accessed 2021-12-26]

14. Improving care by using patient feedback. NIHR Dissemination Centre. 2019. URL: https://content.nihr.ac.uk/nihrdc/
themedreview-04327-PE/Patient-Feedback-WEB.pdf [accessed 2021-12-26]

15. Docherty SL, Vorderstrasse A, Brandon D, Johnson C. Visualization of multidimensional data in nursing science. West J
Nurs Res 2017 Jan;39(1):112-126 [FREE Full text] [doi: 10.1177/0193945916672448] [Medline: 27756850]

16. Boyd H, McKernon S, Mullin B, Old A. Improving healthcare through the use of co-design. N Z Med J 2012 Jun
29;125(1357):76-87. [Medline: 22854362]

17. Why encouraging NHS staff to think differently is good for the nation’s health. Design council and department of health
and social care. 2008. URL: https://www.england.nhs.uk/wp-content/uploads/2016/05/nursing-framework.pdf [accessed
2022-01-24]

18. Nielsen J, Mack RL. Usability Inspection Methods. Hoboken, New Jersey: Wiley; 1994.
19. Sharp H, Preece J, Rogers Y. Interaction Design: Beyond Human-Computer Interaction. Hoboken, New Jersey: Wiley;

2019.
20. Khanbhai M, Anyadi P, Symons J, Flott K, Darzi A, Mayer E. Applying natural language processing and machine learning

techniques to patient experience feedback: a systematic review. BMJ Health Care Inform 2021 Mar;28(1):e100262 [FREE
Full text] [doi: 10.1136/bmjhci-2020-100262] [Medline: 33653690]

21. NHS patient experience framework. Department of Health and Social Care. 2012. URL: https://www.gov.uk/government/
publications/nhs-patient-experience-framework [accessed 2021-12-26]

22. Boyd H. Health Service Co-design: Working with Patients to Improve Healthcare Services : Guide and Toolkit. Auckland:
Waitemata District Health Board; 2010.

23. Dowding D, Merrill J. The development of heuristics for evaluation of dashboard visualizations. Appl Clin Inform 2018
Jul;9(3):511-518 [FREE Full text] [doi: 10.1055/s-0038-1666842] [Medline: 29998455]

24. 10 usability heuristics for user interface design. Nielsen Norman Group. 1994. URL: https://www.nngroup.com/articles/
ten-usability-heuristics/ [accessed 2021-12-26]

25. Tory M, Möller T. Evaluating visualizations: do expert reviews work? IEEE Comput Graph Appl 2005 Sep;25(5):8-11.
[doi: 10.1109/mcg.2005.102] [Medline: 16209163]

26. Lewis J, Sauro J. Item benchmarks for the system usability scale. J Usability Stud 2018 May;13(3):158-167. [doi:
10.5555/3294033.3294037]

27. Bangor A, Kortum PT, Miller JT. An empirical evaluation of the system usability scale. Int J Human Comput Interact 2008
Jul 30;24(6):574-594. [doi: 10.1080/10447310802205776]

28. Weggelaar-Jansen AM, Broekharst DS, de Bruijne M. Developing a hospital-wide quality and safety dashboard: a qualitative
research study. BMJ Qual Saf 2018 Dec;27(12):1000-1007 [FREE Full text] [doi: 10.1136/bmjqs-2018-007784] [Medline:
29950323]

29. Ghazisaeidi M, Safdari R, Torabi M, Mirzaee M, Farzi J, Goodini A. Development of performance dashboards in healthcare
sector: key practical issues. Acta Inform Med 2015 Oct;23(5):317-321 [FREE Full text] [doi: 10.5455/aim.2015.23.317-321]
[Medline: 26635442]

30. Pauwels K, Ambler T, Clark BH, LaPointe P, Reibstein D, Skiera B, et al. Dashboards as a service: why, what, how, and
what research is needed? J Serv Res 2009 Aug 17;12(2):175-189. [doi: 10.1177/1094670509344213]

31. De Vito Dabbs A, Myers B, Mc Curry KR, Dunbar-Jacob J, Hawkins R, Begey A, et al. User-centered design and interactive
health technologies for patients. Comput Inform Nurs 2009;27(3):175-183 [FREE Full text] [doi:
10.1097/NCN.0b013e31819f7c7c] [Medline: 19411947]

32. Rivas C, Tkacz D, Antao L, Mentzakis E, Gordon M, Anstee S, et al. Automated analysis of free-text comments and
dashboard representations in patient experience surveys: a multimethod co-design study. Health Serv Deliv Res
2019;7(23):1-160 (forthcoming) [FREE Full text] [doi: 10.3310/hsdr07230]

33. Sheard L, Marsh C, Mills T, Peacock R, Partridge R, Gwilt I, et al. Using patient experience data to develop a patient
experience toolkit to improve hospital care: a mixed-methods study. Health Serv Deliv Res 2019 Oct;7(36). [doi:
10.3310/hsdr07360]

Abbreviations
FFT: Friends and Family Test
iCARE: Imperial Clinical Analytics Research and Evaluation

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e27887 | p.535https://humanfactors.jmir.org/2022/1/e27887
(page number not for citation purposes)

Khanbhai et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://www.nhs.uk/nhsengland/bruce-keogh-review/documents/outcomes/keogh-review-final-report.pdf
https://www.nhs.uk/nhsengland/bruce-keogh-review/documents/outcomes/keogh-review-final-report.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/226703/Berwick_Report.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/226703/Berwick_Report.pdf
https://content.nihr.ac.uk/nihrdc/themedreview-04327-PE/Patient-Feedback-WEB.pdf
https://content.nihr.ac.uk/nihrdc/themedreview-04327-PE/Patient-Feedback-WEB.pdf
http://europepmc.org/abstract/MED/27756850
http://dx.doi.org/10.1177/0193945916672448
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27756850&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22854362&dopt=Abstract
https://www.england.nhs.uk/wp-content/uploads/2016/05/nursing-framework.pdf
https://informatics.bmj.com/lookup/pmidlookup?view=long&pmid=33653690
https://informatics.bmj.com/lookup/pmidlookup?view=long&pmid=33653690
http://dx.doi.org/10.1136/bmjhci-2020-100262
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33653690&dopt=Abstract
https://www.gov.uk/government/publications/nhs-patient-experience-framework
https://www.gov.uk/government/publications/nhs-patient-experience-framework
http://europepmc.org/abstract/MED/29998455
http://dx.doi.org/10.1055/s-0038-1666842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29998455&dopt=Abstract
https://www.nngroup.com/articles/ten-usability-heuristics/
https://www.nngroup.com/articles/ten-usability-heuristics/
http://dx.doi.org/10.1109/mcg.2005.102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16209163&dopt=Abstract
http://dx.doi.org/10.5555/3294033.3294037
http://dx.doi.org/10.1080/10447310802205776
http://qualitysafety.bmj.com/lookup/pmidlookup?view=long&pmid=29950323
http://dx.doi.org/10.1136/bmjqs-2018-007784
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29950323&dopt=Abstract
http://europepmc.org/abstract/MED/26635442
http://dx.doi.org/10.5455/aim.2015.23.317-321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26635442&dopt=Abstract
http://dx.doi.org/10.1177/1094670509344213
http://europepmc.org/abstract/MED/19411947
http://dx.doi.org/10.1097/NCN.0b013e31819f7c7c
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19411947&dopt=Abstract
https://orcid.org/0000-0003-1035-7030
http://dx.doi.org/10.3310/hsdr07230
http://dx.doi.org/10.3310/hsdr07360
http://www.w3.org/Style/XSL
http://www.renderx.com/


NHS: National Health Service
QI: quality improvement
SUS: System Usability Scale

Edited by R Kukafka, G Eysenbach; submitted 11.02.21; peer-reviewed by A Gillespie, F Ghezelbash, F Ghezelbash; comments to
author 13.04.21; revised version received 12.06.21; accepted 08.10.21; published 03.02.22.

Please cite as:
Khanbhai M, Symons J, Flott K, Harrison-White S, Spofforth J, Klaber R, Manton D, Darzi A, Mayer E
Enriching the Value of Patient Experience Feedback: Web-Based Dashboard Development Using Co-design and Heuristic Evaluation
JMIR Hum Factors 2022;9(1):e27887
URL: https://humanfactors.jmir.org/2022/1/e27887 
doi:10.2196/27887
PMID:35113022

©Mustafa Khanbhai, Joshua Symons, Kelsey Flott, Stephanie Harrison-White, Jamie Spofforth, Robert Klaber, David Manton,
Ara Darzi, Erik Mayer. Originally published in JMIR Human Factors (https://humanfactors.jmir.org), 03.02.2022. This is an
open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Human Factors, is properly cited. The complete bibliographic information,
a link to the original publication on https://humanfactors.jmir.org, as well as this copyright and license information must be
included.

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e27887 | p.536https://humanfactors.jmir.org/2022/1/e27887
(page number not for citation purposes)

Khanbhai et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://humanfactors.jmir.org/2022/1/e27887
http://dx.doi.org/10.2196/27887
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35113022&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

User-Centered Development and Testing of the Online
Patient-Reported Outcomes, Burdens, and Experiences (PROBE)
Survey and the myPROBE App and Integration With the Canadian
Bleeding Disorder Registry: Mixed Methods Study

Federico Germini1,2, MSc, MD; Victoria Borg Debono1, BHSc, MSc, PhD; David Page3, BEd; Victoria Zuk1, MSc;

Alexandra Kucher4, MSc; Chris Cotoi1, BEng, EMBA; Nicholas Hobson1, DIT; Michael Sevestre5, MCS; Mark W

Skinner1,6, JD; Alfonso Iorio1,2, MD, PhD; PROBE Investigators7

1Department of Health Research Methods, Evidence, and Impact, McMaster University, Hamilton, ON, Canada
2Department of Medicine, McMaster University, Hamilton, ON, Canada
3Canadian Hemophilia Society, Montreal, QC, Canada
4Patient Outcomes Research Group Ltd, Washington, DC, United States
5Design2Code Inc, Waterloo, ON, Canada
6Institute for Policy Advancement Ltd, Washington, DC, United States
7see Acknowledgments, Hamilton, ON, Canada

Corresponding Author:
Federico Germini, MSc, MD
Department of Health Research Methods, Evidence, and Impact
McMaster University
1280 Main Street West, 2C Area
Hamilton, ON, L8S 4K1
Canada
Phone: 1 905 525 9140 ext 26771
Email: germinif@mcmaster.ca

Abstract

Background: The Patient-Reported Outcomes, Burdens, and Experiences (PROBE) questionnaire is a tool for assessing the
quality of life and disease burden in people living with hemophilia.

Objective: The objectives of our study were (1) to assess the needs of relevant stakeholders involved in the use of PROBE, (2)
to develop the software infrastructure needed to meet these needs, and (3) to test the usability of the final product.

Methods: We conducted a series of semistructured interviews of relevant stakeholders, including PROBE investigators, people
with hemophilia, and representatives of the sponsor. Based on these, we developed an online survey and a mobile app for iOS
and Android. A user group evaluated the final product using the System Usability Scale (SUS) and an open feedback framework.

Results: The online survey was updated, and the myPROBE app for mobile devices and a new application programming interface
were developed. The app was tested and modified according to user feedback over multiple cycles. The final version of the app
was released in July 2019. Seventeen users aged 23 to 67 years evaluated the final version of the app using the SUS. The median
(first, third quartile) SUS score for the app was 85 (68, 88) out of 100. The newly introduced functionalities were as follows: (1)
capability to longitudinally track repeated fillings of the questionnaire at different time points by the same participant (as opposed
to anonymous completion); (2) linking of the questionnaire with hemophilia registries, starting with the Canadian Bleeding
Disorders Registry as a proof of concept; (3) removing or adding questions as needed; and (4) sending notifications to the users
(eg, reminders). A new secure database was built for securely storing personal information separately from the questionnaire
data. The PROBE online survey is currently available in 96 countries and 34 languages.

Conclusions: The online survey was updated successfully, and the myPROBE app was developed, with a SUS score of 85 (out
of 100). The app has been released in 81 countries and 34 languages. This will facilitate data collection for research and advocacy
purposes, and the use of this tool in everyday clinical practice.
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Introduction

Background

What is Hemophilia
Hemophilia is an inherited X-linked bleeding disorder.
Hemophilia A is characterized by a deficiency in the clotting
factor VIII, while Hemophilia B is a deficiency in factor IX.
Given the reduced ability to form clots, people living with
hemophilia experience an increased frequency and duration of
bleeding events, which tend to occur mostly within the joints
or muscles [1]. The standard of care for hemophilia treatment
involves infusing factor replacement to increase factor
concentrations in blood [1]. Another option for prophylaxis in
people living with hemophilia A is subcutaneous infusions of
emicizumab, a bispecific antibody that mimics the function of
factor VIII [2].

Quality of Life in Hemophilia
Limiting the effects of bleeding episodes is important for
maintaining patient quality of life, as bleeds cause deterioration
of the joints and can result in pain and disability [3]. The quality
of life of people living with hemophilia and the burden of the
disease are also affected by other aspects, for example, the
burden of adhering to a regular prophylactic regimen and
comorbidities, particularly bleeding-related arthropathy and
transfusion-transmitted infections with hepatitis B virus,
hepatitis C virus, or HIV [4]. Outcome assessment in hemophilia
often comprises clinical measures, such as number of target
joints, number of emergency room visits, and hospital length
of stay [5]. In recent years, patient-reported outcomes (PROs)
have been increasingly used to measure additional metrics that
capture a patient’s perspective of their own health [6,7]. The
assessment of PROs involves asking an individual to assess a
variety of domains, such as pain, disability, function, and
satisfaction with treatment. This, when combined with clinical
outcomes, provides a more comprehensive understanding of
the disease and available treatments [8]. Multiple PROs and
quality of life measuring instruments exist in hemophilia,
although they have not involved patients throughout the
development of the questionnaire, despite clear guidance to do
so [9]. The Patient-Reported Outcomes, Burdens, and
Experiences (PROBE) questionnaire was developed for patients
by patients, with the support of an epidemiologist, an expert in
outcome research, an expert in management science, and
economics-engineering systems [10]. The PROBE questionnaire
has undergone assessment for feasibility, validity [10], and
test-retest reliability (including cross-validation of paper and
online versions) [11], and evaluation of other psychometric
properties [12]. The finalized version of the PROBE
questionnaire is composed of 29 questions with additional
subquestions depending on responses, which have been divided
into 4 sections, focusing on personal demographics, general

health problems, disease-specific health problems, and the
EuroQol 5 dimensions 5 levels (EQ-5D-5L) and Visual Analog
Scale (VAS). Before this project, PROBE had been tested across
21 countries, and was available in 11 languages (with 20
localized versions worldwide). It has been shown that PROBE
is a valid questionnaire for the evaluation of PROs in people
living with hemophilia and a control population [12]. Its
discriminative properties allow its use in clinical trials,
longitudinal studies, health technology assessment studies,
routine clinical care, or disease registries. Before this project,
the questionnaire could be filled on the PROBE website
anonymously by people living with hemophilia and controls
(individuals without a bleeding disorder) alike. This system did
not allow for longitudinal data collection. If the same individual
returned at a later date to take the questionnaire again, the new
questionnaire was not linked to the previous one. The PROBE
investigators assessed that the capacity to collect longitudinal
data and to link responses to other databases would provide
benefits to physicians, people living with hemophilia, and
researchers. By doing so, if agreed by the participant, individual
responses could be tracked, and progress could be monitored
and evaluated.

Digital Health Interventions for Chronic Conditions
The acceptability and feasibility of digital health interventions
in chronic conditions (including rare diseases) have already
been proven, while evidence about the efficacy of such
interventions on patient-oriented outcomes is not definitive
[13-16]. In our case, we aimed at eliciting the measurement of
PROs. This is not an intervention directly aimed at affecting
outcomes, even though this can be an indirect effect.
Longitudinal PRO data could support decisions surrounding
novel treatments or treatment schedule changes, provide
important insights on the changes in quality of life following
certain events (eg, bleeds, surgery, or a change in treatment
regimen), or provide a tool for physicians or health systems to
track patient outcomes over time. Different solutions have been
proposed for the digital collection of PRO measures, including
modifying the architecture of the electronic health record to
integrate data collection from different mobile apps [17].
However, once implemented, the usability of these systems
needs to be tested, as changes might be needed if the results are
unsatisfactory [18,19].

The backbone of this project was making prospective
longitudinal data collection of the PROBE questionnaire
possible, by developing a stand-alone individual longitudinal
PROBE modality and integrating the data collection of PROBE
with other databases. The Canadian Bleeding Disorders Registry
(CBDR) was used to demonstrate the feasibility of registry
integration, and the usability of the app was tested.
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Objectives
The objectives of the project were as follows: (1) to assess the
needs of the relevant involved stakeholders, (2) to develop the
software infrastructure needed to meet those needs, and (3) to
test the usability of the final product with potential users.

Methods

Study Phases
The study was organized in the following phases: (1) needs
assessment, (2) identification of software specifications,
software development, and beta testing, and (3) usability test
of the final product.

Needs Assessment
To plan for the development of the software infrastructure and
design of the PROBE project, we conducted a series of
semistructured interviews with a convenience sample of
front-end and back-end users, including all relevant stakeholders.
In detail, back-end users were the PROBE investigators,
representatives of the sponsor, and researchers, and front-end
users were people with hemophilia. The interviewees were based
in Canada, Ireland, Italy, Switzerland, and the United States of
America. In preparation for the interview, we asked the
interviewees to complete the PROBE questionnaire on the
website, unless they had recently taken it. The semistructured
interview guide is provided in Textbox 1. Characteristics of the
stakeholders are provided in Multimedia Appendix 1.

Textbox 1. Guide of the semistructured interview for the needs assessment phase.

1. What’s your role in Patient-Reported Outcomes, Burdens, and Experiences (PROBE), if any?

2. What do you like of the current PROBE website?

3. What is that you do not like of it?

4. What functionalities do you think are missing in the PROBE website/paper version?

5. What future do you envision for PROBE, especially in terms of its use for advocacy, clinical research, and clinical activity?

6. Do you think updating the website would be enough for these scopes, or a mobile app is needed?

Software Specifications, Development, and Beta Testing
We put together a technical group involving (1) 3 programmers
on staff at the Health Information Research Unit at McMaster
University, (2) an external consultant (Design2Code [D2C])
based in Waterloo and skilled in mobile app development, and
(3) stakeholder representatives. The needs identified in the
previous phase were used to guide the creation of 2 alternative
plans for software development: updating the website and
creating a mobile app or only updating the website to meet those
needs. The 2 plans were discussed within the technical group
using the Strengths, Weaknesses, Opportunities, and Threats
(SWOT) analysis process to compare the different alternatives,
including their costs and the time needed for development. The
product of this phase was a justification of the choice and a
detailed description of the technical specifications for realizing
the PROBE suite. The main areas of work were defining if an
app was needed and which characteristics were required, and
understanding how the existing PROBE website, database, and
application programming interface (API) needed to be modified.

All members of the technical team and selected PROBE
investigators were invited to test the software under development
and provide feedback. Testing included 3 sessions of group
testing and independent individual testing. The first round of
testing and feedback was based on a mock-up of the product.
The second round was based on the beta version of the new
website and the app, released on TestFlight for iOS and on the
testing environment of Google Play. These products were
working with a fake development environment (API and
database). The third round was based on the first release of the
website and mobile app, using a test modality on the production
database.

Usability Testing
Once the software was stable in its first version, which took 3
releases, formal usability testing was performed. A user group
composed of a convenience sample of patients, representatives
of the sponsor from the same countries specified above, and
graduate students from McMaster University evaluated the final
product with the System Usability Scale (SUS) [20] and an open
feedback framework. The SUS is composed of 10 questions
(reported in Multimedia Appendix 2) to be answered on a
5-point Likert scale, from “strongly agree” to “strongly
disagree.”

Statistical Analysis
The SUS score can range from 0 (worst usability possible) to
100 (best usability possible), calculated as suggested by John
Brooke as follows: “to calculate the SUS score, first sum the
score contributions from each item. Each item’s score
contribution will range from 0 to 4. For items 1, 3, 5, 7, and 9,
the score contribution is the scale position minus 1. For items
2, 4, 6, 8, and 10, the contribution is 5 minus the scale position.
Multiply the sum of the scores by 2.5 to obtain the overall value
of the SUS” [20]. The quantitative results of phase 3 of the
project were presented using measures of central tendency and
dispersion, or counts (frequencies) as appropriate. Data were
analyzed using STATA/SE V.16.0 (StataCorp).

Ethical Approval
The PROBE project was approved by the Hamilton Integrated
Research Ethics Board (HIREB; application number 7492).
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Results

Overview
The project started in November 2017. The needs assessment
phase lasted 5 months. The project development phase started
in March 2018. The usability test started in March 2019. The
myPROBE app was officially released in July 2019.

Needs Assessment
As a result of the semistructured interviews, a complete list of
required functionalities was compiled. These functionalities are

reported with the respective explanations in Textbox 2. The
main needs that were identified included the longitudinal
repetition of the questionnaire, linkage with other databases
(starting with the CBDR as a proof of concept), and flexibility
to allow adding or removing questions. There was a general
agreement that these key functionalities were essential for the
uptake of PROBE in clinical activity and clinical studies.
Moreover, from the perspective of users, the possibility to
complete the questionnaire on portable devices (smartphones
and tablets) and to save an incomplete questionnaire and
complete it later were identified as important features.

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e30797 | p.540https://humanfactors.jmir.org/2022/1/e30797
(page number not for citation purposes)

Germini et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Textbox 2. List of functionalities for the new Patient-Reported Outcomes, Burdens, and Experiences (PROBE) suite.

Longitudinal repetition of the questionnaire

Being able to identify two or more sets of answers to the Patient-Reported Outcomes, Burdens, and Experiences (PROBE) questionnaire as coming
from the same user. This is key for the use of the questionnaire in clinical activities, in clinical studies, and to assess the responsiveness of the PROBE
tool.

How the goal was achieved: Users are now asked to create a username and a password and to login to the system
before completing the questionnaire.

Linking PROBE data with other databases

Many registries on patients with bleeding disorders are available around the world. Linking these databases with PROBE data would allow using
PROBE in clinical activity and enhance its use in research. Moreover, an increasing number of clinical trials are using PROBE to assess the efficacy
of treatments.

The Canadian registry (Canadian Bleeding Disorders Registry [CBDR]) was selected to demonstrate proof of concept, leaving open the possibility
to later add other registries and study databases in the future.

How the goal was achieved: Single sign-on with OAuth 2.0 technologies.

Turning modules on and off

When specific information is already available in a linked database or form previous questionnaires, it is not efficient to ask again, so some questions
could be removed. If additional information must be collected for a specific study, some questions could be added.

How the goal was achieved: A survey manager allows the creation of new sections and questions for the PROBE
questionnaire. A template builder allows to group sections and questions to generate different questionnaire templates.

Completing the questionnaire on a portable device

Smartphones and tablets are being more commonly used and are preferred to laptops and personal computers from many users. Moreover, smartphones
are the only available devices to access the internet for the majority of users in low-income countries.

How the goal was achieved: A mobile app for iOS and Android was created.

Saving an incomplete questionnaire and completing it later

To minimize the loss of data and enhance the user experience.

How the goal was achieved: Data are saved locally (and submitted to the database, if a connection is available) every
time a user answers a question.

Send notifications to a patient

For example, when it is time to repeat the questionnaire (eg, after 1 year, or after a bleed or an invasive procedure has been recorded in a linked
database).

How the goal was achieved: For now, only email notifications can be sent to the users.

Ensuring continuity of data collection

The data from the PROBE questionnaire need to keep flowing to the existing PROBE database.

How the goal was achieved: Anonymized data are stored in the PROBE database, and personal identifiers are stored
separately.

Recording the time spent completing the questionnaire

This was, for the PROBE investigators, an important measure of the questionnaire’s feasibility.

How the goal was achieved: The time elapsed from the questionnaire loading to its submission is recorded, and the
information is stored in the database.

Recording the questionnaire completion rate

Again, to assess the feasibility of the questionnaire, the PROBE investigators need to track the number of users starting the questionnaire and the
number of users submitting it in general and among users asked to complete the questionnaire via notifications.

How the goal was achieved: Every time a questionnaire is started, the answers are stored in the database. A variable
identifies the questionnaires that have been submitted.

Software Specifications and Development

App Versus Device-Responsive Website
Based on the results of the needs assessment and following the
structured approach described as module 2 of the study, the
PROBE team met with D2C to decide if an app was needed or

if a device-responsive website was sufficient to achieve the
objectives. The SWAT analysis results between the 3 plans
were translated in pros and cons of having an app on top of the
website, which have been summarized in Table 1. The team
determined that an app was needed, primarily to facilitate the
accessibility of the content, to send notifications to users when
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it is time to repeat the questionnaire (eg, after 6 months or when
a bleed occurs), and to allow, in the future, leveraging of
smartphone features like physical activity tracking or access to
the camera. Furthermore, off-line questionnaire completion
would not be possible on a website, while this was perceived

as important, especially from the perspective of users from less
developed countries where internet access or bandwidth is
limited. Therefore, to meet these needs, it was agreed that an
app for Android and iOS environments was required.

Table 1. Pros and cons of a mobile app and a device-responsive website.

Website pro/conApp pro/conFeature

Requires the user to save the bookmark on
the home screen.

Easily accessible through an icon.Accessibility from a portable device

Only available while using the website or
though emails/text messages.

Available also while not using the app.Notifications (eg, to repeat the question-
naire)

Not accessible offline.Connection required only to download and submit the
questionnaire. Completion can happen offline.

Offline questionnaire completion

Harder to achieve.Easier to achieve.Leveraging smartphone features (eg, step
count or camera)

Accessible through a browser from a com-
puter and a portable device.

Only accessible through a portable device.

Specific operating system versions needed (eg, iOS and
Android).

General accessibility

Not having a website was not an option for
the investigators.

In our case, a website was needed, so costs for the app
would be added on top of website expenses.

Costs for development, maintenance, and
update

Log-in Flow
To allow for the longitudinal repetition of the PROBE
questionnaire, log-in options were required. Retaining the
anonymous completion option was deemed important, as was
adding an email-based login and a single sign-on (SSO) option
for people living with hemophilia to participate through their
national registry patient app (eg, myCBDR). The CBDR option
was only made available to users selecting “Canada” as their
home country.

Database Structure
The data flow from completion to data analysis and study reports
is described in Figure 1. Individual data needed to flow from
the app and the website to the PROBE database. For security
reasons, personal information (email address or CBDR
identifier) had to be stored separately from the PROBE
questionnaire’s data. The capability to allow part of the data to
flow bidirectionally from the PROBE database to others, like
hemophilia registries, was needed.
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Figure 1. PROBE data flow. The pictures “using smartphone” and “using laptop” are by Llisole from the Noun Project (https://thenounproject.com).
API: application programming interface; DB: database; PROBE: Patient Reported Outcomes, Burdens and Experiences. *Starting with the Canadian
Bleeding Disorders Registry, with other registries in the future, **Based on future agreements.

API
Before this project, the PROBE website was communicating
directly with the PROBE database. To implement the new
functionalities, an API was required. Having an API in place
allows (1) sending data to the databases from both the app and
the website, (2) authenticating users with a dedicated email and
password or with a token (eg, obtained using CBDR credentials
or coming back to the PROBE website after the first log-in),
and (3) supporting different versions of the questionnaire and
other data (eg, notifications or calculation and report of PROBE
and EQ-5D scores) from the database to the app and website.
The technical specifications for the PROBE suite are reported
in Multimedia Appendix 3 and Multimedia Appendix 4.

In collaboration with the PROBE investigators, the team at
McMaster University and D2C developed an online survey
using Microsoft.Net technologies and an app for iOS and
Android using react-native. For the duration of the development
phase, the McMaster University team and D2C met monthly to
discuss progress and to find solutions to unanticipated problems.
The PROBE investigators and the sponsor were involved as
needed. Textbox 2 reports the solutions implemented to realize
the main system functionalities. A sign-in and log-in interface

was created. The SSO with MyCBDR credentials was
implemented using OAuth 2.0 technologies. A survey manager
and a template builder were implemented to allow creating new
versions of the PROBE questionnaire by adding or removing
sections and questions.

The 3 cycles of testing of the app and website allowed bugs and
required fixes to be identified. Feedback from beta-testers led
to improvements in the user experience, for example, adding
autoscroll for pages displaying more than one question, changing
the app buttons and graphics when they were perceived as not
being clear, and adding descriptive text (eg, feet, inches, and
pounds to the height and weight question for countries not using
the metric system).

Usability Testing
Once a stable version was achieved, 17 users aged 23 to 67
years evaluated the app using the SUS. The median (first, third
quartile) SUS score for the app was 85 (68, 88) out of 100.
Based on the open-ended comments, most users indicated
satisfaction. The only major edit requested was to allow data
validation when possible. The app was modified accordingly
(eg, “age” was restricted to be a number between 0 and 100).
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Figure 2 shows screenshots from the first release of the myPROBE app.

Figure 2. Screenshots of the myPROBE app.

Discussion

Principal Findings
With a user-centered approach, careful needs assessment, and
testing, a user-friendly mobile app was developed that allows
longitudinal completion of the PROBE questionnaire,
administration of different questionnaires created ad hoc, and
linkage with other databases through SSO. The myPROBE app
was released on the Apple Store and Google Play Store in 81
countries and 34 languages. Testers favorably rated the usability
of the app with a median score of 85 (out of 100).

Strengths and Limitations
Time and resources for this project were limited. Therefore,
some functionalities that users requested could not be
implemented. We were successful in implementing SSO through
MyCBDR, and recently added SSO with the Mexican Registry
of Bleeding Disorders. However, for now, we are not supporting
SSO with credentials from other services, like Apple or Google.
Implementing this option might have relieved users from having
to remember a new username and password specifically for
PROBE, further increasing the usability of the app. Caregivers
and researchers have a growing interest in linking quality of
life (QoL) data with data on physical activity in people living
with hemophilia. Having a mobile app paves the way for passive
data collection through a wearable device (like a smartwatch).
However, this is not yet possible for the myPROBE app. Some
functionalities offered on the myPROBE website are not offered
on the myPROBE app. In particular, the website allows users
to download and share their questionnaire results and offers
better support for participation in studies, with the possibility
of administering different questionnaires to specific users.

Additionally, functionalities have been recently developed but
have not, as yet, been implemented on the myPROBE app.
Retrocompatibility was limited to Android 5+ and iOS 10+.
This might restrict access to the app, especially in low-income
countries where older mobile devices may be commonly used.
The strengths of our study include the multidisciplinary nature
of the team, which involved experts in information technology
and health research methodology, hemophilia treaters, people
working in the industry, and, perhaps most importantly, people
with hemophilia. We believe that the user-centered approach
with early involvement of final users in the development of our
product was key to determine the good usability of the app. The
widespread distribution of the app and its translation in more
than 30 languages will favor its uptake and will foster new
feedback on how to further improve it.

Comparison With Prior Work
To the best of our knowledge, myPROBE is the only mobile
app for completing a QoL tool currently available on the market
for people living with hemophilia.

The SUS has been widely up-taken by academics (6932 citations
in Google Scholar on February 12, 2019) and practitioners, and
it has been used in a large variety of settings, ranging from
safety signs [21] to websites [22]. The SUS showed good to
excellent psychometric properties in different settings [23].
Comparing the scores with benchmark measures [23], the
myPROBE app was rated A+ (96th to 100th percentile).

In terms of mobile apps for collecting PRO data in patients with
chronic conditions other than hemophilia, previous studies
reported conflicting results. Welbie et al tested the usability of
an app for PROs in physical therapy patients and found that
users where overall satisfied with the usability of the app, but
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the app required some changes in navigation through questions
and how to insert and edit answers [19]. The authors
acknowledged that they would again test the usability of the
app after implementing such changes. We found similar issues
during our testing phase, and our approach was to implement
such changes before testing usability. This confirms how it is
critical to include direct patients’ inputs in the development of
digital health interventions [13,24], and how key considerations
for end users should be sought early on in the process of app or
digital health intervention design to ensure short- and long-term
engagement [25]. For example, it was shown how aspects that
might be considered less important by researchers, like design,
communication style, and user ratings, can be important for
engagement [26]. Steele Gray et al investigated the usability of
an app to report PROs in complex chronic disease and disability
[18]. They highlighted issues with usability related to the
frequency of questionnaire administration and actual use of the
data in a clinical setting. The former issue is not directly related
to the usability of a mobile app but more to the PRO tool in
general. The former is an aspect that we did not explore in this
study, as we wanted to focus on the usability of the app to collect
data before moving to the use of the data in a clinical setting.
Both the studies used qualitative approaches to explore the
usability of the apps. On one side, this is valuable and allows
more in-depth feedback and exploration of aspects that are not
measurable. On the other hand, using a quantitative tool allows
quantifying the usability and performing comparisons with other
tools. For these reasons, we opted for a mixed methods
approach, with a qualitative approach for development and
initial feedback, and a quantitative approach for obtaining a
measure of usability.

Future Directions
We are continually expanding the global reach of PROBE with
new releases of the myPROBE app, including new translations,
thus making the app available in more countries and affording
the opportunity to support the integration with other bleeding
disorder registries. A frequently asked questions (FAQs) handout
was produced in multiple languages, describing the scope of
the PROBE project and app functionalities (Multimedia
Appendix 5).

An SSO with the World Federation of Hemophilia World
Bleeding Disorders Registry is being developed as we write
this paper. A study to prove the test-retest reliability of PROBE
when administered through the mobile app and the website is
in process. Other future directions for the app will be addressing
the above-mentioned limitations. In particular, funding for
supporting passive data collection for physical activity is being

pursued. There is growing interest in how to use PROBE data
in clinical activity. We are working on offering the possibility
to provide caregivers of people living with hemophilia (when
people living with hemophilia consent) access to PROBE data,
and to compare individual data with group data from other users
[27]. For example, people living with hemophilia or their
caregivers might want to know how they compare to people in
the same age range and country, with or without hemophilia.
Use of the PROBE questionnaire and benchmark data sets might
prompt reflections on current problems and goals of care,
potentially improving the care of people living with hemophilia.
The integration with bleeding disorder registries offers the
possibility of shortening the questionnaire and avoiding asking
for information already available (eg, year of birth). Moreover,
it would be possible to use data from these registries to prompt
event-based completion of the questionnaire, for example, after
a bleeding event is registered by a user or after a significant
change in treatment access or standard of care in a country.
Notifications might also be used to remind the user when it is
time to repeat the questionnaire (eg, every 6 months).

In general, we believe that future studies on digital health
interventions should involve end users in the early development
phases, to ensure good usability and engagement. Moreover,
adopting a widespread tool to measure usability would allow
comparisons between different digital health interventions. Once
developed, the real-world use of these tools should be assessed
in terms of usability in a clinic setting ideally to see how these
interactions can translate into patient care changes and if this
can also affect outcomes. Lastly, economic evaluations should
be performed to support the use of digital health interventions,
and this aspect has been rarely investigated to date [28,29].

Conclusions
The PROBE online survey was updated successfully, and the
myPROBE app was developed using a user-centered approach.
This allows digital administration of the PROBE questionnaire
and other questionnaires, and adoption of SSO for ease of use
and linkage to other databases. In the first months after the
product’s release in 81 countries and 34 languages, the responses
from testers and users have been largely positive. The median
SUS score (85/100) compares well with previously published
benchmark measures. We believe that this is a crucial step
toward facilitating the use of this PRO tool in research and
everyday patient care. This will contribute to pursuing the
objectives of the PROBE project, including building a robust
evidence base for comparative effectiveness, outcome research,
evidence-based decision making, and advocacy.
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Abstract

Background: Big data research in the field of health sciences is hindered by a lack of agreement on how to identify and define
different conditions and their medications. This means that researchers and health professionals often have different phenotype
definitions for the same condition. This lack of agreement makes it difficult to compare different study findings and hinders the
ability to conduct repeatable and reusable research.

Objective: This study aims to examine the requirements of various users, such as researchers, clinicians, machine learning
experts, and managers, in the development of a data portal for phenotypes (a concept library).

Methods: This was a qualitative study using interviews and focus group discussion. One-to-one interviews were conducted
with researchers, clinicians, machine learning experts, and senior research managers in health data science (N=6) to explore their
specific needs in the development of a concept library. In addition, a focus group discussion with researchers (N=14) working
with the Secured Anonymized Information Linkage databank, a national eHealth data linkage infrastructure, was held to perform
a SWOT (strengths, weaknesses, opportunities, and threats) analysis for the phenotyping system and the proposed concept library.
The interviews and focus group discussion were transcribed verbatim, and 2 thematic analyses were performed.

Results: Most of the participants thought that the prototype concept library would be a very helpful resource for conducting
repeatable research, but they specified that many requirements are needed before its development. Although all the participants
stated that they were aware of some existing concept libraries, most of them expressed negative perceptions about them. The
participants mentioned several facilitators that would stimulate them to share their work and reuse the work of others, and they
pointed out several barriers that could inhibit them from sharing their work and reusing the work of others. The participants
suggested some developments that they would like to see to improve reproducible research output using routine data.

Conclusions: The study indicated that most interviewees valued a concept library for phenotypes. However, only half of the
participants felt that they would contribute by providing definitions for the concept library, and they reported many barriers
regarding sharing their work on a publicly accessible platform. Analysis of interviews and the focus group discussion revealed
that different stakeholders have different requirements, facilitators, barriers, and concerns about a prototype concept library.

(JMIR Hum Factors 2022;9(1):e31021)   doi:10.2196/31021
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Introduction

Background
Health care systems are becoming more digitally focused rather
than paper-based and are moving to the use of electronic health
records (EHRs) [1]. This means there is a large amount of
electronic patient data that can be moved and linked together
into safe data repositories to enable researchers and data analysts
to query and examine these data effectively [2-5]. The growing
availability of electronic patient data offers health care
practitioners increased opportunities for secondary use of EHR
data to improve the quality of care and research [6-8]. However,
the present literature does not describe the barriers that make
the use of data and deidentification processes difficult nor does
it focus on users’ practical needs for data linking [9]. A study
observed that “One of the fundamental steps in utilizing this
EHRs data is identifying patients with certain characteristics of
interest (either exposures or outcomes) via a process known as
electronic phenotyping” [10]. Phenotyping is the process of
extracting phenotypes from clinical data using
computer-executable algorithms [11], and phenotypes are “the
measurable biological, behavioural and clinical markers of a
condition or disease” [12]. Phenotypes might be as simple as
patients with type 2 diabetes or as complex as patients with
stage II prostate cancer with urinary urgency but no indications
of urinary tract infection [10].

There has been an annual rise at a rate of approximately 20%
in primary care research using EHRs in the United Kingdom,
which gathers data on general practice from the following
databases [13]: Clinical Practice Research Data Link [14], The
Health Improvement Network [15], QResearch [16], and
Secured Anonymized Information Linkage (SAIL) [17].
However, with different data sets (eg, hospital, general practice,
or emergency care), defining a condition is still very subjective,
as there are many phenotyping algorithms for identifying the
same condition (eg, there are currently 66 ways of defining
asthma using routine health data) [18], and interpretation or
manipulation of data often requires knowledge of complex
programing languages, such as SQL [4]. This means that EHRs
are still not accessible to many as their use requires specialized
programing skills.

One of the most important factors for reproducible research is
the availability of clinical codes in EHR-based research because
researchers, clinicians, and health informatics professionals
often use them to identify the target population and their specific
conditions, known as phenotyping [8,19]. If researchers do not
publish the code lists they used (eg, how they were established
and the accurate phenotype definitions along with the original
research using them), then an essential component of these
studies is missing. In the absence of clinical code lists, data
analysts would be unable to identify patients with or without
conditions [19], and researchers would not be able to compare
studies effectively. Even though code lists are available in some
studies, researchers often encounter difficulties in retrieving
relevant data from code lists created for another research project.
Moreover, in specific uncommon conditions, minor errors in
the selection of code lists may lead to misclassification of large

numbers of patients, leading to biased results [20]. Although
using previously developed phenotyping algorithms is often of
interest to researchers in many studies, there are many
challenges associated with reusing and replicating them
effectively [21]. Therefore, it is extremely difficult to assess the
validity and transparency of EHR-driven studies [22].

Although researchers request better transparency in sharing
clinical code lists [23,24], they face difficulties in obtaining
comprehensive code lists from EHR-based research. Although,
there are currently no obligations from journals and funding
parties to publish code lists, the Strengthening the Reporting of
Observational Studies in Epidemiology and Reporting of Studies
Conducted Using Observational Routinely Collected Health
Data initiatives encourage transparency and open access to
publicly available EHR-based research [25-27]. To address
these challenges, different data linkage centers in the United
Kingdom and other countries, such as Canada, have developed
data portals for phenotypes (concept libraries), such as
ClinicalCodes.org [22], Clinical Disease Research Using
Linked Bespoke Studies and Electronic Health Records
(CALIBER) data portal [4], and the Concept Dictionary at the
Manitoba Centre for Health Policy [28]. Building web-based
concept libraries enables data analysts, researchers, and
clinicians to upload and download lists of clinical codes, update
previous code lists, and share clinical code data across platforms,
which would improve the validation of EHR-based research
[22].

Objectives
This study aims to explore the needs of various users, including
researchers, clinicians, machine learning experts, and managers,
to develop a data portal for phenotypes (a concept library) and
to examine why existing concept libraries are not widely used.

Methods

Design
A qualitative study using one-to-one interviews and a focus
group discussion was conducted. We recruited a small purposive
sample for in-depth one-to-one interviews in the first phase
because it allows us to obtain substantial information from a
small number of participants while also providing insight into
their different viewpoints, needs, and experiences with concept
libraries. In the second phase, we recruited a larger sample of
participants for the focus group discussion to improve the
generalizability of the results. The inclusion criteria were to
recruit potential users of concept libraries from various
disciplines, including researchers, clinicians, machine learning
experts, and managers who conducted studies using routine data
generated by data linkage repositories.

For this study, we adopted a semistructured approach. We
created semistructured interview questions based on the Krueger
and Casey format [29], which included introductory, flow, key,
and final questions to be used in one-to-one interviews (Table
1). We also created a list of 10 questions based on the objectives
of this study for the focus group session. The purpose of the
questions was to generate thoughtful and thorough responses
from the participants; therefore, closed-ended questions (eg,
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yes or no) were avoided. The interviews and the focus group
discussion were audio recorded and transcribed verbatim, and

2 thematic analyses were performed using the 6 steps of Braun
and Clarke to identify the themes and subthemes [30].

Table 1. One-to-one interviews’ questions guide.

Final questionsKey questionsFollow questionsIntroductory questions

Do you know about other already
existing concept libraries? What do
you think about them? Something

like this exists at UCLa called

CALIBERb. Have you seen CAL-
IBER? Have you used it?

To improve repeatable research in
Swansea, a team of developers is
developing a prototype concept li-
brary. This is a portal that allows
access to the read codes or Interna-
tional Classification of Diseases–10
codes to identify conditions. Do you
think this will be a helpful resource?
Is the concept library a good idea
that we should continue to develop?

•• What are your requirements for
the concept library for it to be
helpful and user-friendly?

Do you prefer to use ready-
made algorithms or to have
access to them to modify
them? • What developments would you

like to see to improve repeat-
able research using routine da-
ta?

• In your opinion, how should
codes and algorithms be validat-
ed, and should they be validat-
ed? (Why should or should
not?)

• There are often different ver-
sions of a diagnosis (eg, highly
specific and suspected or likely
cases). Do you think we need
to collect and validate the best
two versions of a diagnosis
(specific or suspected)? Or do
you think we should put all
possible methods of identifying
a condition, valid or not, and
allow the researcher to choose?

aUCL: University College London.
bCALIBER: Clinical Disease Research Using Linked Bespoke Studies and Electronic Health Records.

Data Collection
The first author asked 6 participants from a variety of
disciplines, including researchers (3/6, 50%), a clinician (1/6,
17%), a machine learning expert (1/6, 17%), and a senior
research manager (1/6, 17%), at Swansea University and Cardiff
University to participate in one-to-one interviews by email. The
invitation email specified the aim and purpose of this study, the
duration of each interview (30 minutes), and the location of the
interviews, which might be their offices or a convenient and
private location on the Swansea University campus.

Semistructured interview questions, which follow the structure
proposed by Krueger and Casey [29], were used (Table 1). The
structure of the interview questions consisted of introductory,
flow, key, and final questions. The purpose of the introductory
questions was to help the participants talk freely about their
overall experiences. The flow questions were designed to create
a smooth transition to the key areas that the authors intended
to explore. The final questions were designed to summarize the
interview and ensure that the participants did not have further
comments [31].

Before conducting the interviews, the first author explained the
purpose of the research and what it involved, and at the
beginning of each interview, participants received additional
verbal and written information about the research project. The
interviews were conducted at Swansea University Medical
School in a place selected by the participants (eg, their office).
After 5 interviews, no new themes were observed and interview
6 confirmed that no new themes emerged. The interviews were
audio recorded and transcribed verbatim. Thematic analyses
were then performed using the 6 steps of Braun and Clarke to
identify the themes and subthemes [30].

All researchers working with the SAIL databank, a national
eHealth data linkage infrastructure in Wale (N=34) were invited
by email to participate in the focus group discussion, and 14
(14/34, 41%) researchers attended the focus group discussion.
In total, 2 focus group discussions, each of which had 7 (7/14,
50%) participants, were held for 2 hours by 2 moderators (ZA
and SB), who used the same set of semistructured questions to
perform a SWOT (strengths, weaknesses, opportunities, and
threats) analysis for the current system for phenotyping and the
proposed concept library. We used a SWOT analysis tool in
this study because it enabled the participants to discuss what
they liked (strengths), what advantages would be gained
(opportunities), and what problems (weaknesses) and issues
(threats) they felt needed to be tackled. Although the 2
moderators used the same set of questions, the order of the
questions was adjusted to the needs of each group.

At the beginning of the focus group discussion, the first author
gave a brief presentation about concept libraries, including
defining concept libraries, explaining their potential uses, and
mentioning examples of some of the existing concept libraries
in the United Kingdom. A second presentation about the
Swansea University prototype concept library was then given
by one of its developers. Feedback from the participants was
sought concerning their perceptions of the concept library’s
needs and their evaluation of the strengths and limitations of
the proposed concept library. Participants’ perceptions of
existing concept libraries, as well as their assessment of the
proposed concept library’s strengths and limitations, were
explored using the following set of semistructured questions:

• What are your thoughts regarding the proposed data portal
for phenotypes (a concept library) when it rolls out?

• Do you think this is worth doing? Would you value this?
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• Has anybody used existing concept libraries? What have
you experienced with them?

Let us talk now about your current system for phenotyping:

• What do you do? What are your methods?
• Are you happy with them? Or what would you like

differently?
• What are your thoughts on this plan (building a concept

library)?
• Would you use it? Would you share your phenotypes and

your phenotyping algorithms?

If you do not want to share your work:

• Can you tell us why? And what motivates you to share it
with others?

• Of all the things we have discussed, what is most important
to you?

• Is there anything we should have talked about but did not?

The goal of using the SWOT analysis was to identify positive
factors that operate together and the potential difficulties that
must be identified and solved. During the focus group
discussions, participants expressed their own opinions and
listened to the opinions of others. As the discussions progressed,
participants began to ask questions of one another and share
similar experiences. This increased the depth of the
conversation. The SWOT analysis gave us a full picture of views
and experiences of concept libraries by the participants, making
this a holistic evaluation with the ability for participants to hear
and comment on each other’s responses. Textbox 1 presents a
summary of the SWOT analysis in the current system for
phenotyping and the proposed concept library. The 2 focus
group discussions were audio recorded and transcribed verbatim.
Thematic analyses were then conducted using the 6 steps of
Braun and Clarke to discover the main themes and subthemes
(Table 2).
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Textbox 1. A summary of a SWOT (strengths, weaknesses, opportunities, and threats) analysis of the current system for phenotyping and the prototype
concept library.

SWOT analysis

Strengths

• Concept libraries provide researchers with a good starting point.

• Publicly available code lists may provide researchers with a history of a particular area of research, such as asthma.

• Referencing previously published lists of codes enables researchers to demonstrate a rationale for using such lists of codes.

• Using research methods developed by others that match the researchers’ interests could result in significant time saving.

• Collaboration among researchers is facilitated through sharing and using research methods such as code lists.

Weaknesses

• Searching for and reusing phenotypes and codes is a time-consuming and labor-intensive process.

• There are various lists of codes for each phenotype definition.

• The list of codes chosen by clinicians varies significantly.

• A large number of previously developed code lists could not be repeated.

• Reusing other researchers’ data requires programing knowledge such as SQL.

• Some of the ready-made phenotyping algorithms may not be very useful in terms of their general purpose.

• Some existing concept libraries have limited user interfaces.

• Some existing concept libraries are not user-friendly.

• It is unclear who is accountable for the quality of the uploaded codes in concept libraries.

• The validity of the content of concept libraries is unclear.

Opportunities

• Concept libraries must provide user documentation.

• Concept libraries must provide users with training.

• Transparency in sharing the whole approach used to create the code lists is required.

• Establishing a standardized way of defining each specific condition to facilitate comparisons of research outcomes across the United Kingdom.

• Creating a specialized library that stores code lists of a specific condition within a specific set of patients, such as a concept library specializing
in chronic conditions in children.

• Creating a concept library that engages a wide variety of users (ie, is easily understandable by clinicians but has some advanced features such as
programing skills for more expert users).

Threats

• The inconsistency of data across various databases makes data reuse difficult.

• Lack of confidence in the quality of the list of codes developed by other researchers if they are not cited.

• Access to code lists is limited as some researchers do not publish them alongside their studies.

• Different research outcomes result from a lack of access to a list of codes created by other researchers.

• Data sharing may be inhibited if there are no returns, such as referencing and acknowledgment.

• Concerns about ownership rights discourage data sharing (eg, methods could be used as their own by other researchers before publication).
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Table 2. Presentation of the themes and subthemes of the one-to-one interviews.

Examples of participant narrativesThemes

Theme (1): previous opinion of a prototype concept library

“If there’s a way of doing that already that is set up and is validated and is consistently applied that would be
an amazingly useful resource” (researcher 2).

Positive

“It will be helpful, but it needs to be extended. If they want to build something like this, and it is effectively
working as a library, you need two things to be happened: (1) people are happy to feed in their constructs so
it builds up, and (2) a useful library, easy to go, to browse, and to borrow phenotypes definitions” (a clinician).

Neutral

NoneNegative

Theme (2): requirements of a prototype concept library

Usability

“Simple plain English not in SQL or python” (a clinician).Simplicity

“What is the type of search engine? Is it a search engine that just does disease phenotypes or also does the
health status phenotypes or risk factor phenotypes, symptoms phenotypes?” (a clinician).

Searching ability

“It’s really just about transparency and documentation. So, anybody can effectively do anything that can be
turned into a reproducible research output. The barriers are usually not enough time to comment and document
it properly and then not enough quality assurance” (a senior research manager).

Data quality

“It would be very useful to share the knowledge about codes such as read codes, ICD 10 codes, or OPCS codes,
and share ideas and concepts between other users that will save lots of time” (researcher 3).

Sharing ability

Sustainability

“How interoperable it is with other systems because the major failure of most of these systems is that they’re
not interoperable, so people don’t use them” (a senior research manager).

Interoperability

“So, from a group like myself, or me as a user, we would probably like direct access to the underlying data it
stores. So, whether that’s through something like SQL directly, or something like that through a statistical
package, because where we do lots of bulk type work” (a senior research manager).

Accessibility

“I wanted to look at all health codes of my study population. Then, through machine learning, like feature se-
lection, I tried to identify the most important list of codes, which are associated with the popular health condi-
tions” (researcher 1).

Analyzability

Theme (3): user experience of existing concept libraries

“Yes, so with QOF, we definitely used QOF codes a lot, because obviously going back to the quality assurance
question, they’d been assured so that the NHS can use them for remuneration of money and payments. With
other systems, we tend to look online to see CALIBER of things with us, then yes we have used outputs from
those systems before” (a senior research manager).

Aware (used them)

“No. I have not used any of these things before so I think there is CALIBER and I think, is that part of what
was set up within the previous Farr institute? so I am aware that some of these exist but I haven’t looked into
them before” (researcher 2).

Aware (not used them)

NoneNot aware

“If we want reproducible research, we have to all be using these resources in a similar way or at least we need
to be able to understand what previous projects have done. It is about setting things out clearly. Clear definitions,
clear sets of codes that people can then either use themselves or build on I think” (researcher 2).

Theme (4): user’s recommendation
to improve repeatable research

Data Analysis
The interviews and the focus group discussion were analyzed
separately following the analysis approach by Braun and Clarke
[30]. The transcripts of the interviews and the focus group
discussion were read several times, and then the initial codes
were grouped into themes and subthemes using a qualitative
data analysis software (NVivo, QSR International) [30,32]. ZA
had read all the transcripts, and SB read a sample of the
transcripts. They independently identified the themes and

subthemes, then met regularly to compare them and reach an
agreement on what was being done. Themes and subthemes
were discussed with respect to their relevance to the research
question in the data collected. They critically reviewed the
themes again to determine their primary meanings, and similar
initial themes were combined into one theme. They discussed
the definitions of the relevant themes in the research questions
and applied appropriate names to describe each in this study.
Textbox 2 provides further description of the thematic analytic
steps.
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Textbox 2. The 6 thematic analytic steps used for this research.

Thematic analytic steps

Self-familiarizing with the data

• ZA transcribed half of the audio recordings from the interviews (3/6, 50%). The other half of the audio recordings from the interviews (3/6, 50%)
and the audio recordings from the focus group discussion were transcribed by professional transcribers. During this phase, ZA read all the
interview and focus group discussion transcripts several times, and SB read samples of them. ZA and SB considered all the topics discussed by
the participants, recorded notes on these topics in the transcripts, and then organized them in a note book.

Creating initial codes

• After familiarizing themselves with the data, ZA and SB worked independently to identify initial codes from the transcripts that summarized
what was said during the interviews and focus group discussion. They organized the identified codes into meaningful groups using qualitative
data analysis software (NVivo, QSR International). They used the same coding procedure for all the transcripts.

Searching for themes

• ZA and SB started interpreting the initial codes using their extracted data, and they began grouping the codes with similar meanings together.
Using the NVivo software (QSR International), the initial codes were then sorted and labeled into themes and subthemes depending on the
meaning or relations shared by the codes.

Revising themes

• ZA and SB critically reviewed and refined themes against the data several times to determine their core meanings, and similar initial themes
were combined into one theme. To reach an agreement, themes and subthemes were discussed in terms of their relevance to the research question.

Defining themes

• Each of the themes identified in the previous steps was named and defined by ZA and SB. They used the initial labels created for the themes to
provide appropriate names that describe the meaning of the themes in this study. ZA and SB defined each theme based on the content and meaning
of their codes, and they examined these definitions in relation to their relevance to the research questions.

Writing up the report

• After defining and naming the themes, ZA and SB began writing the findings for this manuscript. They used quotes from the participants’
responses that related to the themes and the research question to illustrate the findings.

Ethics Statement
Ethical approval to conduct the research was approved by the
Research Ethics Sub-Committee of Swansea University, project
reference number 2019-0007.

Results

Interviews With Users

Overview
In total, 6 one-to-one interviews were conducted, and each
interview lasted for approximately half an hour. The analysis
of the interviews resulted in 4 main themes, with several
subthemes (Table 2). The four main themes are as follows:

1. Previous opinion of a prototype concept library
2. Requirements of a prototype concept library
3. Experience of existing concept libraries
4. Recommendations to improve repeatable research

Previous Opinion of a Prototype Concept Library
The majority of the participants were positive about the
prototype concept library and felt that a concept library in
principle was a very helpful resource for conducting repeatable
research. A machine learning expert mentioned that a concept
library will be an extremely useful resource because read codes
from general practice and International Classification of

Diseases (ICD)–10 codes from hospitals are the most common
data items that machine learning experts would like to use most
often. They use data linkage repositories to extract the necessary
data for machine learning in public health studies, and they use
the codes to extract the data from the repositories. Researcher
3 said, “It would be very useful to share the knowledge about
codes such as read codes, ICD 10 codes, or OPCS codes, and
share ideas and concepts between other users that will save lots
of time. It is useful to use verified codes,” and researcher 2
stated, “If there’s a way of doing that. Already that is set up,
and is validated and is consistently applied, that would be an
amazingly useful resource.”

However, 2 participants (a clinician and a senior research
manager in health data science) were not sure about the
effectiveness of the prototype concept library because they felt
that users had to engage with it for it to be useful and they were
not sure how well users would engage: “There is potential that
it could be useful as a tool. It will kind of come down to how
usable it is, how flexible it is, how well it's maintained, how
much of the community uses it” (a senior research manager).

Requirements of the Prototype Concept Library
The participants mentioned several requirements they would
like to see in the prototype concept library. For example, they
stated that the concept library needed to have high usability.
This means that it needs to be simple and easy to use by naïve
users: “It should be simple enough, within one or two clicks;
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we can find the required data, but also should contain advanced
expert features (R, SQL, or Python programing languages) to
extract, include, or exclude codes necessary for their studies”
(researcher 3) and “Like, in one of my previous projects, I
looked at, from a machine learning perspective, I wanted to
look at all health codes of my study population. Then, through
machine learning, like feature selection, I tried to identify the
most important list of codes, which are associated with the
popular health conditions” (researcher 1). They also stated that
the concept library should have a good search engine so that
they can easily find the phenotypes and phenotyping algorithms
they want to use. A clinician inquired, “What is the type of
search engine you are developing? Is it a search engine that just
does disease phenotypes? or also health status phenotypes, risk
factor phenotypes, or symptom phenotypes. For example, I am
looking for diabetes, but I may also be looking for smoking or
alcohol consumption, or symptoms like pain or cough. So, how
big is the enterprise and how do you search for what are the
appropriate terms? Discussion is needed to know what is it?”

In addition, the participants stated the following requirements:

1. Include the data sources used (eg, codes from general
practice, hospital [ICD and Systematized Nomenclature of
Medicine], and British National Formulary medication), a
general clinical code list for comparison, lists of ontologies
along with their variances and versions, and a description
of how codes were established: “It is about setting things
out clearly. Clear definitions, clear sets of codes that people
can then either use themselves or build on, I think”
(Researcher 2).

2. Have a clear phenotyping algorithm labeling convention
for search engines. A clinician stated,“What do you search
on? Thought about what do you call these phenotypes? Is
there a consistent in calling them? For example, Type II
diabetes, or insulin dependent diabetes” and researcher 1
stated, "So, first of all, for the code reference library, two
things are always there in my mind. It’s in my opinion
again. Number one, they should be validated. Secondly,
they should be correctly labelled.”

3. Specify why a particular phenotyping algorithm was
developed (eg, definite disease or probable/suspected
condition definitions): “When I have an algorithm, I want
a field that tells me the purpose of the algorithm, a brief
description of what the algorithm is intended to do” (a
clinician).

4. Illustrate the logic model category used to create
phenotyping algorithms (ie, code lists, inclusion or
exclusion factors, and clinical or machine learning approach
used). “Is this just a code list of inclusion factors? And or
exclusion factors? Or is it static? Does it have a tampered
relationship? So, some algorithms are present or absence
of conditions, some required a tampered dependence. In
the logic model categories: Is this a clinically derived
algorithm from experts’ views or for instance that machine
learning derived algorithms” (a clinician).

5. Use ready-made phenotyping algorithms that can be
modified to fit the needs of their research. All participants
agreed that if they had to create their own phenotyping
algorithms because ready-made phenotyping algorithms

could not be modified, they needed an easy approach to use
a code list in the concept library.

There was an issue regarding how to validate phenotyping
algorithms, and most participants expressed their preferences
for using all possible methods of identifying a condition, valid
or not, to allow the researcher to choose the phenotyping
algorithms according to their research requirements: “So, there
is no right answer for that because it’s going to be very
dependent on your research question, your study group, and
your study design. So, once again, if the concept tool is going
to match multiple different use cases, it’s going to need to
accommodate for those different types of study design” (a senior
research manager). Sharing phenotyping algorithms needed to
be easy and not time-consuming, and some felt there needed to
be some recognition of their work before they would give their
codes. Finally, a concept library must be interoperable with
other products or systems: “How interoperable it is with other
systems, because the major failure of most of these systems is
that they’re not interoperable, so people don’t use them” (a
senior research manager). Most participants wanted the source
code (eg, the SQL code for the phenotyping algorithm itself)
to be available in a downloadable machine-readable format to
be able to access it using specific programing languages such
as R, SQL, or Python.

Experience of Existing Concept Libraries
All participants stated that they were aware of some existing
concept libraries, such as CALIBER and ClinicalCodes.Org
(both in the United Kingdom), but most of them did not use
them. The reasons given for not using them were that they
already had their own self-made concept libraries (eg, concepts
they have used before) or the available concept libraries did not
provide phenotyping algorithms that fit their studies. For
example, a machine learning expert mentioned the reasons for
not using two of the existing concept libraries, namely the
Concept Dictionary at the Manitoba Centre for Health Policy
in Canada and CALIBER in the United Kingdom were,
“Canadian systems provide Canadian data for their studies,
CALIBER is specific for cardiovascular disease and does not
have many concepts in it.” Conversely, 2 of the participants
mentioned that they used some existing concept libraries to
extract and develop phenotyping algorithms for their studies:
“We definitely used QOF codes a lot, with other systems, we
tend to look online to see CALIBER, we have used outputs
from those systems before” (a senior research manager).

Recommendations to Improve Repeatable Research
The participants suggested the following recommendations to
improve repeatable research output using routine data:

1. There should be a drive for more transparency in research
methods documentation, such as publishing complete
phenotype definitions and clear code lists. A senior research
manager stated, “It’s really just about transparency and
documentation. So, anybody can effectively do anything
that can be turned into a reproducible research output,” and
researcher 2 said, “If we want reproducible research, we
have to all be using these resources in a similar way or at
least we need to be able to understand what previous
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projects have done. It is about setting things out clearly.
Clear definitions, clear sets of codes that people can then
either use themselves or build on, I think.”

2. Providing opportunities for researchers to collaborate rather
than working in isolation, “The barriers are usually not
enough time to comment and document it properly and then
not enough quality assurance. So, if there was more time
and or more availability of those kinds of opportunities for
people to collaborate rather than doing things in isolation,
there's almost all the research we do here could be turned
into a reproducible type of output” (a senior research
manager).

3. Develop a concept library that enables researchers to begin
classifying population outcomes using uniform codes: “I
think that a resource like this is a very good step in the right
direction because I think what people need to start doing
is using consistent codes in order to identify conditions or
outcomes within populations” (researcher 2).

4. Provide validated phenotyping algorithms that researchers
can use directly to avoid duplication, with the ability to
modify them to meet their own research needs: “For each

project, it always has some specific requirement which is
unique, which is not common. There are some things which
are common, and there are a few things which are very
unique. So, we need to have some algorithms which we can
just use to, you know, just to avoid the duplication, but also,
we need to have control of the algorithms, so that we know
only that these bits are going to be different for this project,
so I'm going to replace, change, modify this bit, and we'll
run it” (researcher 1).

Focus Group Discussions

Overview
Of the 34 invited researchers, 14 (41%) attended the focus group
discussion. These participants were researchers (14/34, 41%)
from Swansea University who were working with the SAIL
data in the Data Science Building. Of the 14 participants, 5
(36%) were female participants and 9 (64%) were male
participants. Furthermore, 6 (43%) participants were PhD
holders, 6 (43%) were Master’s degree holders, and 2 (14%)
were Bachelor’s degree holders (Table 3).

Table 3. A summary of general information on the participants in the focus group discussions (N=14).

InformationParameters

Current job position, n (%) • Data scientist, 13 (93)
• Financial planner, 1 (7)

Sex, n (%) • Female, 5 (36)
• Male, 9 (64)

Education, n (%) • PhD degree, 6 (43)
• Master’s degree, 6 (43)
• Bachelor’s degree, 2 (14)

Research interests • Data scientists
• Concept libraries
• Repeatable research with large health data
• Phenotyping and code lists of cancer disease
• Respiratory disease
• Algorithm or reusable codes development
• Asthma
• Collaboration in research methods
• Data analysis
• Machine learning
• Arthritis
• Health informatics
• Musculoskeletal disorders
• Healthy aging
• Gut—brain axis
• Neurodegenerative conditions
• Statistical methods
• Epidemiology
• Cancer

• Financial planners
• Intervention between primary care and secondary care and how they interact

The focus group discussion was held for 2 hours to perform a
SWOT analysis of the current system for phenotyping and the
proposed concept library, which was recorded and transcribed,
and thematic analysis was conducted on the transcripts, which
resulted in the identification of the following seven main themes:

1. Facilitators for and barriers to participants’ contributing
their research methods

2. Facilitators for and barriers to participants’ use of other
researchers’ methods

3. Participants’ concerns about the prototype concept library
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4. The requirements of the participants for the prototype
concept library

5. Participants’ recommendations to improve repeatable
research

6. Participants’ perceptions of their current phenotyping
system

7. Participants’ use and perceptions of existing concept
librariess

Facilitators and Barriers to Participants’ Contributing
Their Research Methods

Facilitators

Several facilitators were identified by participants as motivators
for them to share their work (eg, phenotyping algorithms and
code lists). Many participants stated that being credited
appropriately (eg, receiving citations from other researchers)
would motivate them to share their work: “If whoever’s using
it acknowledges it’s use in whatever they publish, at least you’re
getting some recognition” (data scientist 8) and “If there were
DOIs attached to the code list of algorithms, when people are
publishing, there’s an incentive for putting it on there, because
they’re able to demonstrate the impact their work has had” (data
scientist 4).

Some participants stated that communicating with their research
team would encourage them to organize team resources and
discuss research findings from other researchers who used their
code lists. However, improving research opportunities,
increasing academic achievement, and sharing knowledge
through collaboration with other researchers working in the
same organization would motivate some of the participants to
share their work: “I think there’s benefit to the organization,
and there has to be benefit to the people contributing to it” (data
scientist 4). In general, researchers work in an organization (eg,
a university or a research institute), and they work hard to
improve the research outcomes of their organization. Some
participants stated that advancing the research base and saving
other researchers’ time and effort would stimulate them to share
their work: “Surely if you’ve done something you think really
worthwhile, you want other people to use it, as well, because
then that furthers the research” (data scientist 6).

Barriers

On the other hand, the participants pointed out several barriers
that could inhibit them from sharing their work (eg, phenotyping
algorithms and code lists) with other researchers. Some
participants argued that it is easy to build a phenotyping
algorithm that fits exactly their needs, but it is more challenging
to develop a general one, so it can be used by others (eg, many
clinical researchers have created phenotyping algorithms for
particular research, and these algorithms are difficult to
generalize).

Several participants mentioned that a lack of return for their
hard work (eg, not receiving any credit from others, such as
referencing when they reuse their data) would prevent them
from sharing their work: “How do you enforce that people are
going to give you credit? It doesn't happen sometimes, when
referencing, saying where they got it from. You’ve just got to
hope they do” (data scientist 11). Some participants were

worried about their intellectual rights (eg, if they shared their
methods such as phenotyping algorithms before publication,
other researchers would use them as their own).

Facilitators and Barriers to Participants’ Use of Other
Researchers’ Research Methods

Facilitators

The participants mentioned several facilitators that would
encourage them to reuse research methods developed by others,
such as the following:

1. Using existing code lists can save them a lot of time and
effort, which they frequently spend creating new code lists
from scratch: “It’s the first stage of every single process,
and we tend to get two or three months of work, until we
get to that final code list, and we can now start looking at
the cases” (data scientist 10).

2. Reusing available data, such as code lists, is a good place
to start for researchers (for example, they can use them to
examine new ideas and gain new insights):“Having code
lists would be such a help, to get you started. They always
want things like BMI and weight and height. There are
hundreds of codes for those. The smoking codes, having a
list, even if you don’t use the algorithm that they’ve
developed, is a huge bonus” (data scientist 12).

3. Using the work of others as a reference to compare research
outcomes, and researchers want to prove that there is a basis
for the use of such codes.

Barriers

Conversely, the participants pointed out several barriers that
could inhibit them from reusing methods developed by other
researchers such as the following:

1. Poor data quality discourages researchers from reusing it:
“You could upload complete garbage” (data scientist 1).

2. Some phenotyping algorithms will not work outside the
population in which they were developed. For example,
code developed in Canada may not be relevant to finding
conditions in general practitioner data in the United
Kingdom: “Yes, it works in their population, because where
they’ve trained it.” (data scientist 5). .

3. Whether the data are useful to researchers plays an
important role in the decision to reuse them (eg, researchers
would not use a phenotyping algorithm if its general purpose
did not match their interests): “Yes, a general-purpose
algorithm may or may not be very useful to have it to see
what they’ve done, but you may not use it” (data scientist
12).

Participants’ Concerns About the Prototype Concept
Library
When researchers decide where to deposit, share, and reuse
data, they prefer to use approved concept libraries: “Is it going
to be approved?” (a financial planner). Moreover, some
participants stated that it is not clear who is responsible for the
quality of the phenotyping algorithm, if this is the responsibility
of the developers running the concept library or the
responsibility of the researchers uploading the phenotyping
algorithms: “If people send the codes, the onus of the quality
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of that code list you would still want to be the responsibility of
the researcher to be submitting worthwhile codes. You don’t
want to then be the guardian of the quality of the code list. You
still need to know where the responsibilities lie” (data scientist
4). Researchers do not want to upload phenotyping algorithms
if they could be blamed for flaws, and health informatic
developers do not want to take responsibility for the phenotyping
algorithms that were uploaded.

The participants expressed their concerns about the completeness
rate of the phenotyping algorithms. They would like to know
the percentage of the gap to be considered when using a
phenotyping algorithm from the prototype concept library:
“What is the completeness rate? For certain things, we know
there are gaps. If the gap is 20%, is that something I should be
including in any algorithm I'm considering?” (data scientist 8).
In addition, there has been a question as to whether codes need
to be peer reviewed so that quality is evaluated.

Requirements of the Participants for the Prototype
Concept Library

Usability
1. Learnability: Some participants said they would like the

concept library to be easily understandable by clinicians,
who acknowledge the clinical definition of the code lists
with little technical skills to simply point and click the
selected code lists, whereas other participants requested the
availability of advanced functions to be used by expert
users: “The concept library should be easy. Someone needs
to train us” (data scientist 9).

2. User documentation: A collection of well-defined
task-oriented documentation for users was required by some
participants. They want a user documentation that consists
of clear, step-by-step instructions on how to use the concept
library and gives examples of what the user can see at each
step (eg, screenshots would be useful): “Concept library
should have some documentation” (data scientist 9).

3. Data quality: Some participants required the availability of
a consistent method for identifying each specific condition
to ensure that what researchers are doing is compatible
within their immediate team but also within the broader
research community in the United Kingdom to facilitate a
comparison of research outcomes. Other participants stated
that they needed a predefined list and a uniform approach
describing how to use existing codes of additional
diagnoses, such as smoking: “Additional things like
smoking and alcohol status are used a lot, but they’re
usually very different for every project. We should have a
more uniform way of doing it, like, we’ll take that bit off
the shelf and use it, and do the bespoke bit for things that
need to be bespoke” (data scientist 5). If there are multiple
code lists for the same condition, some participants
proposed that versions be generated to describe each
particular condition: “So, it would be relevant that there
were multiple lists for the same condition, if you’ve got a
version and way of defining a certain condition” (data
scientist 4).

4. Transparency: Several participants required transparency
in sharing the entire approach used in developing the code

lists, including phenotyping algorithms and the methods
used. They stated that if they use a code list for each
comorbidity of a condition, they will build an entirely
different score over the years. Therefore, transparency in
the documentation of research methods would help them
to know which score is the best.

Sustainability
1. Accessibility: Several participants needed the availability

of an access control that allows access to the codes only
after publication, while at the first stage of the study,
researchers spent a lot of time and effort developing them,
and they feared someone else could publish work faster
than them using the algorithms: “There should be an option
in the concept library for lists that have been published.
People can develop them, but if they’re not published, you
don’t have to use them” (data scientist 3).

2. Licensing: Some participants needed to know which type
of license was adopted by the developers of the concept
library (eg, researchers can have one that means any
researcher can take it and use it, or they can have one that
means researchers can use it but not for commercial
purposes).

3. User community: Several participants required users to
quote a reference if publishing papers based on the results
(partially or completely) derived from the concept library:
“If I want to use someone else’s work, I think that’s the
norm, and should be in this economy. Anything, not just
code. To use this, I should reference that it's based on this
or other thing completely, or a part of it” (data scientist 2).
Referencing helps to determine whether there is or will be
an active user community for the concept library and the
codes used: “It potentially would make your publication
more discoverable. If there's a whole community of users
using this” (data scientist 1).

Participants’ Recommendations to Improve Repeatable
Research
Of the 14 participants, 9 (64%) suggested that the prototype
concept library should be accessible both in the United Kingdom
and globally and practically available to enable researchers
around the world to use an web-based secure platform, which
stores codes and other logic, and to encourage researchers to
contribute their codes to promote research: “Should be open for
the United Kingdom” (data scientist 9). However, a participant
recommended that the prototype concept library should be
closed at the beginning to ensure it is working and then to
become opened as researchers build trust: “You might need to
restrict it, to start with, to make sure it works. Otherwise,
everyone will see the problems you might have” (data scientist
12). In addition to know who is using the concept library, data
scientist 8 suggested that it should have request sharing followed
by open sharing.

Accessibility to research data has significant potential for
scientific advancement as it promotes the replication of research
results and enables the use of old data in new contexts. With
respect to this, some participants suggested that funders and
publishers should obligate researchers to share their research
data such as code lists: “Some sort of obligation by funders to
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share this” (data scientist 2) and “Publishers, as well” (data
scientist 8).

A participant suggested the use of preauthorization of
publication by journals based on the research protocol because
researchers can put their protocol first, and all the limitations
are actually corrected before they run the research. This
approach has many advantages for both the researcher and the
publisher, as it improves the quality of the output. Another
participant recommended the creation of a discussion forum in
the concept library to facilitate collaboration among researchers
on just about any topic (eg, they can share their ideas, submit
their comments, and discover new ideas): “Make it almost a
forum” (data scientist 8).

Participants’ Perceptions of Their Current Phenotyping
System
The participants mentioned several problems associated with
the current phenotyping system. For example, they have to
search for codes from different databases, which use different
coding systems such as read codes and ICD-10 codes, and then
they have to validate the selected code lists with experts in the
field such as clinicians: “I have to google all of this and search
what was there within the community. I have to go to CALIBER,
I have to go to Manchester, or there is a work in Edinburgh
University, do some work there. Do the search. I have to go
there, see the ability to work, and start. It does take a lot of time.
Based on my study of Google, I have to start a record, and I
have to validate it, verify with other people, clinicians or
researchers. It's a long process” (data scientist 9).

Although they could find some codes on the web, they still had
to locate the list manually, copy it, and enter the codes into their
scripts. Often, they might spend a few days on it, and they might
miss obscure codes or even use irrelevant codes: “Starting from
scratch, I would go online to see what’s available. Go into other
people’s and see their code lists” (data scientist 11). With respect
to this, some participants said that they preferred to use code
lists that were referenced or used by other researchers.

Some participants reported that the read code lists chosen by
the researchers were different from the read code lists chosen
by general practitioners. For example, they found that there
were some very clear codes, but they were rarely used by general
practitioners: “What we get in the read code list isn’t necessarily
what the GPs are recording it under” (data scientist 12). They
also stated that there is a significant difference between what
one general practitioner may say in a list of codes versus
another: “For example, there is no single entity code for asthma.
There are different entities. If you want to find specific things
within asthma, there's a list of codes for them” (data scientist
2).

Participants’ Use and Perceptions of Existing Concept
Libraries
Not all participants had previously used some of the existing
concept libraries. However, most of those who used some of
them expressed negative perceptions. For example, several
participants stated that the concept libraries they used were not
user-friendly (ie, they were difficult to use by new users): “For
CALIBER, it seems not so user friendly. It's not easy. You have

to know first. Someone needs to train you up. For new users,
it's difficult to get inside CALIBER. The concept library should
be easy. Someone needs to train us. Concept library should have
some documentation” (data scientist 9). Therefore, training and
good user documentation are required. A further problem for
some participants was the inconsistency of data among various
databases, which makes reuse of data quite challenging. “But
if there is something that gets secondary and primary care
involved, and there's a registry, if the definitions that are created
in Manchester, how easy will it be to apply it to, for example,
in Wales or Scotland, where registry is a bit different?” (data
scientist 8).

Participants who did not use any of the existing concept libraries
expressed different perceptions about them. For example, some
participants reported that they wanted to explore available
concept libraries. Others, however, expressed doubts about the
quality and validity of the data stored in these concept libraries,
which could prevent them from using them: “I haven’t looked
at them myself, but if you go on this clinical code site and you
type in diabetes, there are 50 different code lists people have
put together for diabetes” (data scientist 6). Some participants
stated that the main reason for not using any of the existing
concept libraries is not finding a concept library that matches
their studies. The developers of concept libraries may consider
building a specialized library that stores code lists of a particular
condition within a specific group of patients according to
researchers’ needs, such as developing a concept library that
specializes in chronic conditions in children.

Discussion

Principal Findings
Development of a concept library that meets users’expectations
is extremely useful for repeatable research (eg, researchers
would be able to use archived code lists to compare studies).
This study found that, although in principle, everyone felt that
a digital portal containing a concept library would be very
helpful, there were many requirements needed before its
development. It needs to engage a wide variety of users if it is
to be used (and current concept libraries are not widely used),
which means that it has to be very simple (point and click) for
some, but it should have the software and usability to manipulate
and design phenotyping algorithms for more advanced users.
In addition, it needs to have a very high-quality search engine
so that it is very easy to find information, and for it to expand,
there needs to be a reason for users to upload their phenotyping
algorithms, which need to be very easy and quick.

This study indicated that although most of the interviewees
expressed positive impressions about the idea of building a
prototype concept library, approximately half of the participants
expressed an interest in contributing to it. For the prototype
concept library to work, researchers must engage with it and
upload their codes there so that other people can use them. If
researchers did not share their codes in the prototype concept
library, this would usually mean an empty library. For better
adoption of the prototype concept library, it is recommended
that the developers consider the various facilitators for and

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e31021 | p.560https://humanfactors.jmir.org/2022/1/e31021
(page number not for citation purposes)

Almowil et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


barriers to participants sharing their work and reusing the work
of others.

The findings of the focus group discussion demonstrate that
facilitators for the participants’sharing of their research methods
vary across four categories: (1) personal drivers (eg, obtaining
appropriate credit, such as citations)—this confirms the results
of earlier studies that suggest that researchers may be motivated
to share their work if sharing leads to an increase in their
citations [33-35], (2) benefits for their research team (eg, sharing
information to promote research within their team) [36,37], (3)
benefits for their organization (eg, collaboration among
researchers working within the same organization would
advance their organization’s research outcomes), and (4) benefits
for the research community (eg, expanding research base) [38].
With respect to this, Cragin et al [39] have stated, “As a research
group gets larger and more formally connected to other research
groups, it begins to function more like big science.”

There were several barriers that could inhibit the participants
from sharing their research methods, such as the expected
performance of the shared methods (eg, they felt that building
a general phenotyping algorithm to be used by others is very
difficult) [40] and lack of personal benefits such as recognition
(eg, they were worried about not being referenced by researchers
who used their methods). In relation to this, Molloy et al [41].
reported that researchers can be discouraged from sharing their
work by fear of not obtaining sufficient credit. Therefore, a
safeguard against uncredited use is necessary [42]. In addition,
participants mentioned that they were afraid that their methods
would be used by other researchers as their own before
publication. The results of the study conducted by Huang et al
[43] indicated that although most participants are interested in
sharing papers related to biodiversity data, >60% of the
participants were reluctant to share primary data before
publication. Moreover, findings from this study correspond with
other studies regarding the need to adapt impact metrics to
promote data sharing [44,45] because researchers would not be
able to measure the success of their methods if metrics are not
available. Unless these obstacles are resolved, the sharing of
data in concept libraries is unlikely to increase significantly.

Several facilitators encouraged participants to reuse research
methods developed by others. They reported that reusing code
lists created by other researchers would make their task much
easier, save them a lot of time, and help to demonstrate that
there is a justification for using such codes. These findings are
consistent with those of the previous studies. For example,
Anneke and Helen reported that researchers are using open
research data to “be aware of the state of the art and not recreate
the wheel, as well as access to more data and generating fresh
insights” [46].

The results of this study indicate that more than half of the
participants were not satisfied with their current system for
phenotyping for several reasons, including the lack of
accessibility of other researchers’work, such as code lists, which
could affect research outcomes and the fact that reusing publicly
available code lists consumes a lot of time and requires lots of
work [38]; lack of confidence in web-based code lists if they
are not cited by other researchers; lack of availability of a

consistent approach for defining covariates such as smoking;
and the selected read code lists by the researchers are different
from the selected read code lists by the general practitioners. It
seems that their current approach lacks confidence and is
time-consuming and effort-intensive.

This study demonstrates that existing concept libraries are not
widely used, and most participants who used some of the
existing concept libraries expressed negative impressions about
them (eg, they do not provide training or user documentation,
and they are difficult to use) [36-38]. Lack of knowledge of the
existence of concept libraries and how to use them is generally
described as an obstacle to data sharing [47]. As existing concept
libraries are not used by all researchers, obstacles that inhibit
researchers from using them need to be addressed when building
new concept libraries.

Strengths and Limitations
To our knowledge, this is the first study aimed at identifying
the needs of various users of a concept library. The findings of
this study would have a significant impact on improving the
efficiency of existing concept libraries by informing their
developers about the different requirements, facilitators, barriers,
and recommendations of the various users. In addition, this
work will greatly inform the developers of new concept libraries
to improve access to and collaboration with EHRs’ routine data,
which is part of an all-UK agenda, and the findings of this study
will have implications for other countries working to access
and share EHRs’ routine data.

This study has some limitations that should be addressed in
future studies. The first limitation is that we had a time limit on
how long we could talk to the participants because each
one-to-one interview was given 30 minutes. As a result, the
number of questions we could ask and the amount of time we
could spend on each question were limited. The second
limitation is that all the participants of the interviews and focus
group discussion were recruited because they used the SAIL
databank, a national eHealth data linkage infrastructure in Wale,
so they mostly talked about the Swansea concept library in the
SAIL databank. As the discussion focused on the SAIL
databank, its generalization to other concept libraries was
limited.

Conclusions
In conclusion, although it may seem beneficial for researchers
to reuse methods developed by others, such as code lists, some
researchers who created them prefer not to share them because
they worked hard to create them and would rather publish them
first to ensure their academic rights, such as being referenced
[48]. The major challenge is that some researchers would like
to use the work of other researchers, but they do not want to
contribute their work to concept libraries. Open sharing can be
more difficult in the research community as researchers compete
for grants, work promotions, and publication quotations [48].
They think carefully about how, when, and where to share their
work as they have spent a vast amount of time and effort to
develop it [47]. A solution to these issues would be to encourage
researchers to contribute data to the prototype concept library
in such a way that the shared data is understandable and reusable
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(eg, ensuring uploading of adequate documentation) for the public good rather than for personal gains.
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Abstract

Background: The use of artificial intelligence (AI) in the medical industry promises many benefits, so AI has been introduced
to medical practice primarily in developed countries. In Japan, the government is preparing for the rollout of AI in the medical
industry. This rollout depends on doctors and the public accepting the technology. Therefore it is necessary to consider acceptance
among doctors and among the public. However, little is known about the acceptance of AI in medicine in Japan.

Objective: This study aimed to obtain detailed data on the acceptance of AI in medicine by comparing the acceptance among
Japanese doctors with that among the Japanese public.

Methods: We conducted an online survey, and the responses of doctors and members of the public were compared. AI in
medicine was defined as the use of AI to determine diagnosis and treatment without requiring a doctor. A questionnaire was
prepared referred to as the unified theory of acceptance and use of technology, a model of behavior toward new technologies. It
comprises 20 items, and each item was rated on a five-point scale. Using this questionnaire, we conducted an online survey in
2018 among 399 doctors and 600 members of the public. The sample-wide responses were analyzed, and then the responses of
the doctors were compared with those of the public using t tests.

Results: Regarding the sample-wide responses (N=999), 653 (65.4%) of the respondents believed, in the future, AI in medicine
would be necessary, whereas only 447 (44.7%) expressed an intention to use AI-driven medicine. Additionally, 730 (73.1%)
believed that regulatory legislation was necessary, and 734 (73.5%) were concerned about where accountability lies. Regarding
the comparison between doctors and the public, doctors (mean 3.43, SD 1.00) were more likely than members of the public (mean
3.23, SD 0.92) to express intention to use AI-driven medicine (P<.001), suggesting that optimism about AI in medicine is greater
among doctors compared to the public.

Conclusions: Many of the respondents were optimistic about the role of AI in medicine. However, when asked whether they
would like to use AI-driven medicine, they tended to give a negative response. This trend suggests that concerns about the lack
of regulation and about accountability hindered acceptance. Additionally, the results revealed that doctors were more enthusiastic
than members of the public regarding AI-driven medicine. For the successful implementation of AI in medicine, it would be
necessary to inform the public and doctors about the relevant laws and to take measures to remove their concerns about them.

(JMIR Hum Factors 2022;9(1):e24680)   doi:10.2196/24680
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Introduction

Background
The use of artificial intelligence (AI) in the medical industry
promises many benefits. For example, it can yield new
diagnostic and therapeutic methods, provide the groundwork
for introducing cutting-edge medical technology, and reduce
the workload of doctors and care workers [1-3]. AI has been
introduced to medicine primarily in developed countries [4].
The United States made an early start in this respect. In April
2018, the country’s Food and Drug Administration (FDA)
authorized the first medical device to use AI. The device, named
IDx-DR, detects greater than a mild level of the eye disease
diabetic retinopathy in patients with diabetes. As the FDA states,
IDx-DR provides a screening decision “without the need for a
clinician to also interpret the image or results” [5]. Like the
United States, Japan wants to drive forward the use of AI in
medicine. The country’s Ministry of Health, Labour, and
Welfare (MHLW) has designated six health care fields where
AI is to be developed. Under the MHLW’s plan, AI will be
rolled out relatively early in four of these fields (genome
medicine, diagnostic imaging, diagnosis and treatment, and
drug development) and then in a more phased manner in the
remaining two (long-term care and dementia, surgery) [1].
Despite the MHLW’s efforts, however, Japan lags other
developed countries in rolling out AI in health care.

As the shift toward AI in medicine continues apace, there is an
urgent need to consider the ethical, legal, and social issues
(ELSIs) of this trend [6]. For example, insofar as clinical data
are used to develop AI applications, an issue arises regarding
patients’ personal data [7]. This issue has not escaped the
attention of Japan; in June 2018, the MHLW released an
announcement on AI-guided diagnosis, stating that AI will only
ever assist a human doctor in forming a final diagnosis and that
no matter how advanced AI becomes, decision-making
responsibility will always lie with the human doctor [8]. Despite
such reassurances, many members of the public remain
concerned about where accountability lies in AI-driven
medicine. Such misgivings may hinder the rollout of AI in
medicine.

A new application can only fulfill its potential if people use it.
Exemplifying this principle are South Korea’s mobile electronic
medical records (EMRs) [9]. Mobile EMRs are effective for
streamlining medical work and minimizing hospital costs, but
staff feel strongly disinclined to use them, and the uptake rate
is low; this is because the functions are poorly tailored to the
user’s needs. This situation demonstrates, according to Kim [9],
that an application can only fulfill its true potential if the
developers consider user feedback. The success of a technology
rollout depends on the technology’s features, but it also depends
on popular trends and the broader sociocultural milieu. Toward
ensuring successful rollout, trends in public acceptance of the
technology and the determinants of such would need to be
identified [10,11]. When it comes to AI in medicine, there may

be a gap in acceptance between the doctors, who would actually
use the AI, and the public, who would receive AI-driven medical
services. It is, therefore, necessary to consider acceptance among
doctors and among the public. However, in Japan, the
acceptance of AI in medicine has not been investigated.

Therefore, the purpose of this study was to obtain detailed data
on the acceptance of AI in medicine by comparing the
acceptance among Japanese doctors with that among the
Japanese public.

Theoretical Background
In recent years, AI has been developed in the medical industry.
For example, AI can detect pulmonary nodules, tuberculosis,
and pneumonia in chest radiographs, detect and quantify
pulmonary nodules in chest computed tomography (CT) [12],
detect suspected large vessel occlusion strokes based on CT
images [13], and screen for breast cancer [14].

The technology acceptance model (TAM) is used to investigate
the acceptance of new technologies. TAM is a model that
explains the process by which users accept and use information
systems. There are many extended models, among which the
unified theory of acceptance and use of technology (UTAUT),
proposed by Venkatesh et al [15] by integrating eight models,
explains 70% of the variance in individual intention to use
technology while the existing technology acceptance models
explain 40%. In UTAUT, the user's intention to use an
information system and subsequent use is explained by four
components (performance expectancy, effort expectancy, social
influence, and facilitating conditions).

Literature Reviews
Oh et al [16] found that 83.4% of respondents considered that
AI would be useful in the medical field, indicating that doctors
have a positive attitude toward AI in medicine in a survey of
doctors and medical students in Korea. Jonmarker et al [17]
investigated participants' confidence in the introduction of AI
into a breast cancer screening program in Sweden. Participants
in a breast cancer screening program trusted the computer-aided
decision-making of their doctors the most. Jutzi et al [18] also
conducted a survey of patients with and without a diagnosis of
melanoma to investigate the acceptance of AI for melanoma
diagnostics in Germany. The results showed that only 41%
agreed with the use of AI as a stand-alone system, and 94%
agreed with the use of AI as a support system for doctors.

In Japan, a number of studies have polled attitudes regarding
the rollout of AI in health care. In one survey by the Ministry
of Internal Affairs and Communications (MIC), 81.5% of the
polled experts said that they would welcome the use of AI in
analyzing biometrics, lifestyle, disease history, genetic data,
and other factors to detect precisely symptoms of health
conditions or the onset of disease [19]. Another attitudes survey
on AI in health care was conducted by Ema et al [20]. In the
survey, the respondents agreed strongly with the idea of
entrusting AI with driving, disaster management, military
matters, and other functions where the rollout of AI requires
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institutional and social consent. However, they felt that humans
should remain the primary actor in matters involving individual
choice, such as health management and important life decisions.
As insightful as its findings are, the study had examined
participants’ views on the use of AI in a number of fields, not
only health care. A focus on AI in medicine would present a
more detailed picture of the public and expert trust in such. One
study that did so was Yokoi and Nakayachi [21]; the study
reported that sharing treatment plans resulted in higher trust
toward AI but also that this effect was modest. However, they
are investigating the reliability of AI in medicine, and there has
been no investigation of acceptance focused on AI in medicine
in Japan. For the successful implementation of AI in medicine
in Japan, it is necessary to investigate not only the reliability
but also the acceptance and factors related to acceptance.

In addition, although clarifying the differences in acceptance
of AI in medicine between doctors and the public would allow
us to consider approaches suitable for each of them in promoting
the introduction of AI, most previous studies have focused on
either doctors or the public (patients).

Our research question was to what extent AI in medicine has
been accepted in Japan and whether there are differences in the
acceptance of AI in medicine between doctors and the public.

Methods

Survey
For the purposes of the study, AI in medicine was defined as
the use of AI to determine diagnosis and treatment without
requiring a doctor.

The survey questions were divided into two sections. The first
section consisted of items on the respondents’general attributes,
such as sex and whether the respondent was a doctor.

The second section measured the respondents’ acceptance of
AI in medicine with questions referred to the UTAUT [15].
Generally, a survey is conducted for people who directly use
the system, assuming a specific system in UTAUT. However,
in this study, the respondents include the public who does not
use the system directly. Also, we assume no specific systems
because the AI in medicine was not widespread at the time the
survey was conducted in Japan, and the only description of AI
was “the use of AI to determine diagnosis and treatment without
requiring a doctor” in the questionnaire. Therefore, we modified
the questions through discussion to make them suitable for this
study. Specifically, questions that are difficult to answer without
assuming a specific system were deleted, and we added
alternative items for four key components. In addition, since
attitude and uneasiness have been verified as a factor influencing
intention to use in previous studies, we added a question on
attitude and uneasiness in this study [15,22]. Then, we thought
it would be difficult to analyze the data by fitting the UTAUT
model because we modified the questionnaire for this study, so
we measured one element for all items.

There were 20 such items (Textbox 1), each representing a factor
of acceptance. Each item was rated on a five-point scale (1 =
completely false, 2 = somewhat false, 3 = cannot say either way,
4 = somewhat true, 5 = completely true). A question item about
medical costs was rated on a different five-point scale, where
1 = costs will decrease, and 5 = costs will increase.
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Textbox 1. Question items measuring acceptance factors

Usefulness: Do you think that AI in medicine will be useful?

Efficiency: If AI is used in medicine, do you think doctors could provide services more efficiently?

Better medical services: Would using AI in medicine lead to better medical services?

Mastery: Could doctors quickly master the use of AI in medicine?

User-friendliness: Could doctors easily operate AI in medicine settings?

Expectations of others: Do you think people around you are optimistic about the potential of AI in medicine?

Expectations among patients: Do you think patients are optimistic about the potential of AI in medicine?

Brand impact: Are your views on AI in medicine shaped by the businesses (or brands of such businesses) that developed the AI for medicine?

Knowledge of AI in other contexts: Do you know much about the use of AI in contexts other than medicine?

Knowledge of AI in medicine: Do you know much about the use of AI in medicine?

Medical costs: How do you think AI in medicine will affect medical costs?

Necessity of legislation: Do you think the use of AI in medicine should be regulated by legislation?

General impression: Do you have a generally favorable impression of the use of AI in medicine?

Interest in topic: Are you interested in the topic of AI in medicine?

Accuracy: Do you think AI in medicine will deliver accurate diagnoses?

Concern about data leakage: Are you concerned that using AI in medicine might lead to the leakage of personal data?

Concern about accountability: Are you concerned about who would be accountable for any accident resulting from the use of AI in medicine?

Intention to use: Would you be willing to use AI-driven medicine?

Relevance to life: Do you think that AI in medicine will play an important role in your life in the future?

Necessity in medicine: Do you think that AI will be essential in medicine in the future?

The survey was conducted over three days, from November 13
to 15, 2018. The authors did not obtain Institutional Review
Board approval for this study because we used Rakuten Insight
to conduct the survey, and we did not obtain any personal
information from the respondents. In Japan, researchers do not
have to obtain Institutional Review Board approval when
subjects can voluntarily decide to participate in a study, there
is no intervention in the collection of data, and individuals
cannot be identified from the collected data [23]. Respondents
were told the length of time to answer the questions, the purpose
of the survey, and who conducted the survey on the screen just
before they started to answer. Respondents were allowed to stop
answering at any time until they answered all the questions. We
took the completed responses as respondents’ consent to
participate in the survey and used the responses for analysis. In
Multimedia Appendix 1, each item in the Checklist for
Reporting Results of Internet E-Surveys (CHERRIES) is shown
[24].

After the questionnaire survey, the reliability of the
questionnaire was examined. First, Cronbach alpha was
calculated to confirm the reliability of the entire questionnaire
(Cronbach α=.88). Cronbach α values of .70 to .80 or more are
regarded as satisfactory [25], the questionnaire of this study
was considered to be reliable.

The public and doctor responses for the 20 items were compared
using a t test. We further calculated Cohen d for each item. In
general, Cohen d of 0.2 is considered small, 0.5 is considered
medium, and 0.8 is considered large [26]. In addition, the
opposite scale was inverted so that a positive response to the
use of AI was 5 and a negative response was 1 (eg, concern
about data leakage). The total mean score of the whole scale
was calculated for doctors and the public respectively and
compared using a t test. The statistics were processed using R
(version 3.5.1; R Core Team).

Respondents
An online survey was conducted among the public and among
doctors. The sample representing the public survey consisted
of 600 individuals across six age cohorts, each of which included
50 men and 50 women. The cohorts were aged 15 to 24, 25 to
34, 35 to 44, 45 to 54, 55 to 64, and 65 years and older. The
sample representing doctors consisted of 400 individuals aged
25 years or older. Of these, 350 were men and 50 were women.
One doctor was excluded from analysis because he answered
that his highest education attainment was “vocational
school/junior college,” though doctors needed university
education to get a license.

Regarding the respondents’ general attributes, Table 1 shows
the sex and age, and Table 2 shows the educational attainment
of the doctors and members of the public.

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e24680 | p.568https://humanfactors.jmir.org/2022/1/e24680
(page number not for citation purposes)

Tamori et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Sex and age distribution.

PublicDoctorsAge (years)

TotalFemaleMaleTotalFemaleMale

1005050N/AN/AN/Aa15–24

10050502013725–34

100505061194235–44

10050501341112345–54

1005050147514155–64

10050503823665 or older

60030030039950349Total

aN/A: not applicable.

Table 2. Highest educational attainment.

PublicDoctorsHighest educational attainment

80Junior high school

1770High school

127(1)aVocational school/junior college

282398University

61Other

600399Total

aOne doctor was excluded from analysis because doctors needed university education to get a license.

Results

Table 3 shows the sample-wide results of 999 respondents for
the 20 items on acceptance of AI in medicine. For the following
items, under 20% of the responses were negative (“completely
false” or “somewhat false”), and over 50% were positive
(“completely true” or “somewhat true”): usefulness, efficiency,
better medical services, expectations of others, expectations
among patients, general impression, relevance to life, and
necessity in medicine. The most positively rated of these items
were “usefulness” and “necessity in medicine,” the number of
positive responses for which were 657 (65.8%) and 653 (65.4%),

respectively. One item with a relatively low positive response
rate was “intention to use”; only 447 (44.7%) of the respondents
indicated that they were willing to use AI-driven medicine (“I
would be moderately willing to” or “I would be very willing
to”).

Regarding the necessity of legislation and whether there is
concern about accountability, only 360 (36.0%) and 315 (31.5%)
of the respondents gave a strong affirmative response,
respectively. However, when the strong and moderate responses
were combined, as many as 730 (73.1%) and 734 (73.5%) gave
an affirmative response, respectively.
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Table 3. Sample-wide results for factors of acceptance.

Mean (SD)Items

3.66 (0.91)Usefulness

3.47 (0.89)Efficiency

3.66 (0.97)Better medical services

3.02 (0.91)Mastery

2.97 (0.91)User-friendliness

3.44 (0.92)Expectations of others

3.48 (0.99)Expectations among patients

3.05 (1.07)Brand impact

2.82 (1.04)Knowledge of AI in other contexts

2.34 (1.01)Knowledge of AI in medicine

2.88 (0.99)Medical costs

3.99 (0.88)Necessity of legislation

3.64 (1.00)General impression

3.52 (0.81)Interest in topic

3.08 (1.10)Accuracy

3.30 (1.00)Concern about data leakage

3.92 (0.96)Concern about accountability

3.31 (0.91)Intention to use

3.64 (0.92)Relevance to life

3.70 (0.42)Necessity in medicine

Table 4 shows the comparative results for the doctors and the
public. Responses for eight of the items exhibited a significant
intergroup difference at the 5% level of significance: better
medical services, mastery, expectations of others, knowledge
of AI in medicine, medical costs, interest in the topic, concerns
about data leakage, and intention to use. Intergroup difference
was particularly notable in “expectations of others” and
“intention to use.” Among the public, the median response for
both items was neutral (3. “cannot say either way).” Among
doctors, the median was a moderately affirmative response (4.

“I moderately agree that people around me are optimistic about
AI in health care” for the former, and 4. “I would like to use
AI-driven medicine in the future” for the latter). Another notable
item was “knowledge of AI in medicine.” The median response
for this item among doctors was neutral, whereas that among
the public was moderately negative (2. “I don’t know all that
much about it”). In addition, Cohen d for mastery, expectations
of others, medical costs, intention to use was small, and Cohen
d for knowledge of AI in medicine was medium.
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Table 4. Comparison between doctors and the public regarding factors associated with acceptance.

P value95% CICohen dPublicDoctorItems

Mean (SD)MedianMean (SD)Median

.09–0.02 to 0.210.113.62 (0.90)43.72 (0.93)4Usefulness

.30–0.17 to 0.05–0.073.50 (0.86)43.44 (0.89)4Efficiency

.020.02 to 0.240.153.61 (0.91)43.73 (0.85)4Better medical services

<.0010.10 to 0.340.232.93 (0.97)33.15 (0.95)3Mastery

.98–0.12 to 0.11–0.0012.97 (0.90)32.97 (0.91)3User-friendliness

.0010.08 to 0.300.213.37 (0.92)33.56 (0.88)4Expectations of others

.46–0.07 to 0.160.053.46 (0.94)43.50 (0.89)4Expectations among patients

.82–0.14 to 0.11–0.023.06 (0.99)33.04 (0.98)3Brand impact

.13–0.03 to 0.240.102.78 (1.11)32.88 (1.00)3Knowledge of AIa in other contexts

<.0010.41 to 0.670.542.12 (1.01)22.66 (1.00)3Knowledge of AI in medicine

<.001–0.35 to –0.10–0.232.79 (1.04)33.01 (0.93)3Medical costs

.76–0.11 to 0.150.023.99 (0.97)44.01 (1.01)4Necessity of legislation

.13–0.02 to 0.200.103.60 (0.89)43.69 (0.85)4General impression

.020.02 to 0.280.153.46 (0.99)43.61 (1.01)4Interest in topic

.32–0.05 to 0.160.073.06 (0.79)33.11 (0.84)3Accuracy

.046–0.28 to –0.0020.133.24 (1.11)33.38 (1.08)3Concern about data leakage

.81–0.11 to 0.140.0153.93 (0.99)43.91 (1.01)4Concern about accountability

.0020.07 to 0.320.213.23 (0.92)33.43 (1.00)4Intention to use

.49–0.16 to 0.08–0.043.66 (0.92)43.62 (0.90)4Relevance to life

.24–0.05 to 0.180.073.67 (0.97)43.74 (0.84)4Necessity in medicine

aAI: artificial intelligence.

The total mean score of the whole scale was 65.5 (SD 10.4) for
doctors and 64.1 (SD 10.6) for the public, with a difference of
1.4 (95% CI 0.10-2.77). Cohen d was 0.14.

Discussion

Principal Results
Regarding the sample-wide results, the respondents were
generally receptive toward AI in medicine. Particularly
respondents have confidence in AI’s usefulness and a belief in
its future necessity in medicine. In the MIC survey [19], experts
expressed optimism on the use of AI in diagnosis and other
aspects of health care. This study revealed that optimism on AI
in health care is present among the public and doctors alike,
implying that such optimism is broadly held.

Despite their tendency to see AI as useful and necessary in
medicine, the respondents were less enthusiastic about the
prospect of actually using AI-driven medicine, with only 44.8%
of the respondents giving a moderate or strong affirmative
response for intention to use. According to a previous study,
41% of respondents in Germany were in favor of using AI alone
to diagnose melanoma [18]. In Sweden, 38% of participants in
a breast cancer screening program preferred computer-only
reading [17]. Furthermore, 35.4% of Korean doctors agreed that
AI could replace them in their jobs [16]. The acceptance of

AI-driven medicine in Japan seems to be generally consistent
with previous studies. The UTAUT model assumes that some
factors encourage acceptance of technology, whereas other
factors hinder such [22]. The presence of a hindering factor may
be the reason that belief in AI’s usefulness and necessity in
medicine did not translate directly into a desire to use AI-driven
medicine personally.

The majority of the sample expressed a moderate or strong
concern regarding the issues of regulatory legislation and
accountability. About half of the respondents expressed
moderate or strong concern about data leakage. These three
items describe ELSIs, which require solutions from a policy
perspective. Given that so many of the respondents were
concerned about these ELSIs, the ELSIs in question are likely
major determinants of acceptance for both doctors and members
of the public. In particular, the issue of accountability attracted
concern from as many as three-fourths of the respondents,
despite the MHLW’s attempts to reassure people that human
doctors will always be responsible for the final diagnosis. The
causes of such uncertainty are unclear from this study’s results;
further research is necessary to identify the causes and derive
ways to alleviate the concerns among doctors and the public.

Discussed below is the comparison between doctors and the
public. The results revealed significant intergroup differences
in eight items. One such difference was in “intention to use”;
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doctors were more enthusiastic than the public about using
AI-driven medicine in the future. Ema et al [20] surveyed the
public and 10 other stakeholders on the use of AI in eight areas,
one of which was health management. In all eight areas, the
study found the public to be more likely than the other
stakeholders to answer that humans should remain in control.
However, any comparison with this study requires some
qualifications owing to salient differences. Ema et al [20] did
not include doctors among the ten stakeholders and used a
definition of AI different from that used in this study.
Nonetheless, Ema et al’s [20] observation that experts are more
willing to trust AI than members of the public echoes this
study’s observation that doctors, compared with the public,
were more receptive to the idea of using AI.

Doctors’ comparative enthusiasm for using AI may be related
to the fact that they were also more likely than members of the
public to give positive responses to better medical services,
mastery, expectations of others, and interest in the topic. That
is, the doctors’ intention to use AI may have been motivated by
their greater expectations (compared with those held by
members of the public) about the potential of AI in medicine.
Additionally, members of the public were more likely than
doctors to indicate a lack of knowledge about AI in medicine.
The fact that members of the public tended to be rather
uninformed about AI in medicine may have contributed to their
weak (compared with doctors) intention to use AI.

Meanwhile, the responses to the items on medical costs and
concern about data leaks present a paradox. Specifically,
members of the public were more likely than doctors to believe
that AI would lead to lower medical costs, whereas doctors were
more likely than members of the public to express concern about
the risk of data leakage. The results for these two items seem
to imply that the members of the public, not the doctors, are
more inclined to use AI. However, it was the doctors who gave
the more affirmative responses to the actual question on the
intention to use AI-driven medicine. A possible explanation for
this paradox could be that the items “usefulness” and “better
medical services” impact “intention to use” more than they do
“medical costs” and “concern about data leakage.”

Although doctors’ total mean scores were significantly higher
than those of the public, the effect size was negligible. This
would be because a slight difference in the total mean score was
detected by t test due to the large sample size.

Limitations
Regarding the limitations of the study, one limitation concerns
the possibility of sampling bias in the online survey. Because
participation in the online survey was limited to individuals
who could use a personal computer, smartphone, or similar
device, the sample may have been biased toward the digitally
literate. Moreover, as the survey was titled “Survey on AI in
medicine,” the sample may have been biased toward individuals
who were interested in medicine and AI. Given that people are

generally more likely to express a clear opinion for or against
a proposition when they are knowledgeable about the topic in
question [27], a more unbiased sample may have yielded more
neutral (“cannot say either way”) responses. In view of these
possible biases, caution is advised when interpreting the results.

Further research is necessary to explore the relations between
items. This study ascertained population trends by analyzing
sample-wide responses and then comparing the responses
between doctors and the public. What this approach failed to
clarify was the matter of which item most affects intention to
use. Accordingly, future research should explore how the
responses to one item correlate with those to another. In this
study, we were not able to conduct an analysis using the UTAUT
model. However, since AI in medicine is now starting to be
used in Japan, we would like to analyze the acceptance of AI
in medicine by the UTAUT model assuming a specific system
in the future study.

Since this study surveyed a large sample of 399 doctors and
600 citizens, it can be considered to have at least some validity.
However, it should be noted that the questionnaire was not
carried out validation.

In this study, we did not investigate the health status of the
public or the duration of the professional experience of doctors.
In the future, it will be necessary to conduct a survey that takes
this into account.

Conclusions
To the best of our knowledge, this is the first survey on the
acceptance of AI in medicine in Japan. This study aimed to
obtain detailed data on the acceptance of AI in medicine by
comparing the acceptance among Japanese doctors with that
among the Japanese public. An online survey was conducted,
and the results were analyzed to determine sample-wide trends
and trends specific to doctors and to the public.

In the 999 respondents, the results indicated that around
two-thirds of the sample believed that AI would be useful in
(657/999, 65.8%) and necessary to medicine (653/999, 65.4%).
However, such beliefs did not directly translate to intention to
use AI-driven medicine; only 447 (44.7%) of the sample
expressed such a desire. The results also showed that 730
(73.1%) believed that regulatory legislation was necessary, and
734 (73.5%) were concerned about accountability, suggesting
that these factors are important in terms of acceptance among
doctors and the public alike. The comparison of the two groups
revealed that doctors were more likely than members of the
public to express intention to use AI-driven medicine (P<.001).
This trend may be related to the responses for the items “better
medical services,” “mastery,” “expectations of others,” and
“interest in the topic.”

In this study, we did not analyze with the UTAUT model;
however, the analysis with UTAUT should be done assuming
a concrete system in the future.
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Abstract

Background: Comprehensive clinical decision support (CDS) care maps can improve the delivery of care and clinical outcomes.
However, they are frequently plagued by usability problems and poor user acceptance.

Objective: This study aims to characterize factors influencing successful design and use of comprehensive CDS care maps and
identify themes associated with end-user acceptance of a thoracic trauma CDS care map earlier in the process than has traditionally
been done. This was a planned adaptive redesign stage of a User Acceptance and System Adaptation Design development and
implementation strategy for a CDS care map. This stage was based on a previously developed prototype CDS care map guided
by the Unified Theory of Acceptance and Use of Technology.

Methods: A total of 22 multidisciplinary end users (physicians, advanced practice providers, and nurses) were identified and
recruited using snowball sampling. Qualitative interviews were conducted, audio-recorded, and transcribed verbatim. Generation
of prespecified codes and the interview guide was informed by the Unified Theory of Acceptance and Use of Technology constructs
and investigative team experience. Interviews were blinded and double-coded. Thematic analysis of interview scripts was conducted
and yielded descriptive themes about factors influencing the construction and potential use of an acceptable CDS care map.

Results: A total of eight dominant themes were identified: alert fatigue (theme 1), automation (theme 2), redundancy (theme
3), minimalistic design (theme 4), evidence based (theme 5), prevent errors (theme 6), comprehensive across the spectrum of
disease (theme 7), and malleability (theme 8). Themes 1 to 4 addressed factors directly affecting end users, and themes 5 to 8
addressed factors affecting patient outcomes. More experienced providers prioritized a system that is easy to use. Nurses prioritized
a system that incorporated evidence into decision support. Clinicians across specialties, roles, and ages agreed that the amount
of extra work generated should be minimal and that the system should help them administer optimal care efficiently.

Conclusions: End user feedback reinforces attention toward factors that improve the acceptance and use of a CDS care map
for patients with thoracic trauma. Common themes focused on system complexity, the ability of the system to fit different
populations and settings, and optimal care provision. Identifying these factors early in the development and implementation
process may facilitate user-centered design and improve adoption.

(JMIR Hum Factors 2022;9(1):e29019)   doi:10.2196/29019
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Introduction

Background
When designed well and implemented effectively, clinical
decision support systems (CDSSs) have been shown to reduce
errors in health care delivery and improve outcomes [1-3].
Clinical care maps provide disease-specific assistance to
multidisciplinary clinicians to support evidence-based (EB)
practice and organize care processes [4,5]. Trauma is associated
with significant morbidity and mortality worldwide and variable
adherence to EB practices [6-8]. In the case of rib fractures,
adherence to EB practices has been shown to reduce mortality
up to 3-fold [4,6]. Although trauma care maps are essential in
high-volume trauma centers [2,4], most trauma patients in the
United States are treated at smaller-volume community
hospitals, which may be less familiar with best practices for the
treatment of rib fractures [6]. Scalable clinical decision support
(CDS) care maps provide an important bridge in this
knowledge-to-practice gap to improve care.

Although CDSSs can be an effective tool to improve adherence
to EB practices, many of these systems have posed challenges
and fallen short of their full potential [6,9-12]. System
challenges can most commonly be attributed to poor user design,
poor implementation, or poor institutional integration, resulting
in systems with low overall user acceptance [12,13]. Many
CDSSs are affected by poor usability, resulting in little
demonstrable improvement in adoption, in part because of a
lack of integration of end-user feedback [14,15]. Improved
implementation and development strategies can overcome the
cited barriers that now limit acceptance. For example, the CDS
Five Rights framework [16,17] was developed to address
problems frequently encountered during CDS implementation
and usage [14]. This framework ensures that planning teams
focus on delivering the right information to the right person, at
the right time, in the right format, and through the right channel.

The integration of user-centered design (UCD) in CDS
development is another element that can improve acceptability
and clinician use behavior [18]. Unfortunately, the widespread
adoption of UCD is still not routine, with most UCD focusing
on iterative pilot-testing during CDS development or
postimplementation evaluation [13,18,19]. There is a critical
need for the integration of multidisciplinary, qualitative end-user
input before formal CDS electronic health record (EHR)
development. Unfortunately, few such qualitative studies at this
phase of CDS development exist. A recent review by Khairat
et al [12] identified only 11 studies using qualitative methods
to evaluate user acceptance of CDS. Only 3 of those studies
evaluated acceptance during early phases, such as CDS
prototyping. Furthermore, it is critical that such analyses are
informed by validated theories surrounding technology intention

to use behavior, such as the Technology Acceptance Model [20]
or the Unified Theory of Acceptance and Use of Technology
(UTAUT) [21]. To overcome these limitations, a study by
Khairat et al [12] proposed the User Acceptance and System
Adaptation Design (UASAD) model for CDS development,
implementation, and evaluation. This model suggests acceptance
can be maximized by leveraging end-user feedback (ie,
quantitative via survey or qualitative) to understand and integrate
user expectations and needs in early CDS development.

Despite the understanding that CDSSs improve adherence to
EB practices, which in turn improve outcomes for patients with
thoracic trauma, only 3 CDSSs have been published to date in
thoracic trauma [2,22,23]. Of these 3 CDSSs [2], 1 CDSS is the
published initial result of the implementation of the rib fracture
CDS care map prototype referred to in our study and the other
2 focused neither on design nor on the implementation of the
CDS.

Objectives
Aligned with the UASAD model for CDS development, our
study uses qualitative interviews to guide the adaptive redesign
of a previously created prototype CDS care map for patients
with rib fractures before the formal build of the CDSS in the
EHR. This is one of the earliest studies to evaluate the UASAD
model for CDS prototyping and adaptive redesign. The objective
of this study is to identify themes associated with end-user
acceptance of a prototype CDSS guided by the UTAUT [21]
model for thoracic trauma from qualitative interviews of
multidisciplinary trauma end users within a 12-hospital Midwest
trauma system.

Methods

Prototype CDSS Development
A multidisciplinary CDS care map planning team was assembled
in April 2018 to address the care of patients with rib fractures.
The planning team included 14 members with expertise in
trauma surgery, trauma program management and performance
improvement, trauma nursing, anesthesiology and pain
management, and respiratory therapy. Over a period of 10
months, rib fracture EB practices were cataloged through a
formal literature review process that identified 9 peer-reviewed
articles and 1 guideline from a regional level 1 trauma center
[4,24-32]. A prototype CDS care map was developed, guided
by the CDS Five Rights framework [17] and validated EB
protocols for patients with rib fractures from the American
College of Surgeons Trauma Quality Improvement Project, the
Eastern Association for the Surgery of Trauma, and the Western
Trauma Association [5,26,33-35]. The general workflow of the
prototype CDS care map is shown in Figure 1.
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Figure 1. Prototype rib fracture clinical decision support (CDS) care map summary. BPA: best practice advisory; CAPA: clinically aligned pain
assessment; CXR: chest x-ray; ED: emergency department; EWS: early warning system; PIC: pain inspiration cough; RN: registered nurse.

Interview Guide Development and Participants
An interview guide was constructed and included prescripted
questions to identify perceptions, behaviors, barriers, and
facilitators associated with both general CDS use and our
proposed prototype CDSS (Multimedia Appendix 1). Interview
guide development was guided by the UTAUT, a validated and
widely used model that predicts the behavioral intention to use
a technology and is commonly used to assess the likelihood of
success for a novel technology [21]. The interview guide was
tested with four end users who were not part of the final sample
and revised according to their feedback: trauma inpatient
registered nurse (RN), trauma advanced practice provider (APP),
and 2 trauma medical doctors (MDs). A total of 22 end users
comprising trauma MDs, emergency medicine MDs, APPs, and
RNs were identified for participation using snowball sampling.
In this paper, we use the term providers to refer to physicians,
nurse practitioners, and physician assistants and we use the term
clinicians to refer to all providers and nurses.

Participation was voluntary, and informed consent was obtained
from participants; all interviews were audio-recorded and stored
in a Health Insurance Portability and Accountability
Act–compliant research environment. Before participating in
the interview, the participants reviewed a 6-minute educational
video describing the previously created CDS prototype. All
participants completed a brief demographic survey. During the
interview, the participants were asked open-ended questions
guided by the interview guide. As appropriate, probing questions
were asked to examine specific barriers to and facilitators for
specific CDS elements.

Thematic Analysis
Interviews were transcribed verbatim using transcription
software (Tybee Types Inc). A coding scheme was generated

using prespecified codes based on the UTAUT constructs:
performance expectancy, effort expectancy, social influence,
and facilitating conditions; emergent codes were added as
appropriate. The 2 coders (AB and CJT) met weekly to develop
the coding scheme and codebook. Interrater reliability was
assessed through a blinded independent coding process between
the 2 coders, and coding discrepancies between the coders were
resolved through discussion. Following an acceptable level of
agreement (>85%), all transcripts were double-coded. All
transcripts were coded using computer-assisted qualitative data
analysis software (NVivo). A descriptive thematic analysis
approach, best described by Hsieh and Shannon [36] as
conventional content analysis, was used to categorize the codes
into barriers to and facilitating factors for acceptability and
assess end users’ intention to use the CDSS and their
perspectives on the potential value of this tool.

Although interviews were semistructured, it is important to
point out that specific questions regarding each of the themes
were not asked; thus, the percentage of clinicians who supported
each theme reflects only those clinicians who brought up a topic
relating to the theme of their own volition. Therefore, the
percentage values reflect the lowest possible number of
clinicians, and we cannot say whether we would have had a
stronger consensus had clinicians been prompted to comment
on topics relating to each theme.

Ethics Approval
This study was approved by the University of Minnesota
institutional review board (STUDY00005353).

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e29019 | p.577https://humanfactors.jmir.org/2022/1/e29019
(page number not for citation purposes)

Jones et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Results

Participants
A total of 22 trauma clinicians participated, including
physicians, APPs, and RNs, who were end users of the EHR.
Of the 22 trauma clinicians, 11 (50%) were physicians: 3 (14%)
were residents, and 8 (36%) were attending physicians, of whom
all but 2 (75%) had been in practice for more than 10 years. Of
the other 11 participants, 3 (27%) were APPs, of whom 1 (33%)
had been practicing for more than 4 years, and 8 (73%) were
RNs, of whom 6 (75%) had ≥10 years of experience. Age of
the participants varied from 29 to 62 years, 73% identified as
White, 9% as African American, 5% as Latinx, and 5% as

multiracial. Interviewees came from a variety of practice models
ranging from academic to community practice, and all but one
were considered either emergency medicine or trauma surgery
primary.

Thematic Analysis
The following eight major themes summarize the overarching
concerns and opportunities regarding CDSSs: (1) alert fatigue,
(2) automation, (3) reducing redundancy, (4) minimalistic
design, (5) EB, (6) promote optimal care and prevent errors, (7)
comprehensive across a spectrum of disease or injury, and (8)
malleability. Each theme primarily focused on end-user actions
or patient outcomes (Figure 2).

Figure 2. Eight themes for the development of acceptable clinical decision support systems (CDSS). CDS: clinical decision support; EB: evidence
based; EHR: electronic health record.

Themes summarizing factors directly affecting end users include
(1) alert fatigue, (2) automation, (3) reducing redundancy, and
(4) minimalistic design. End users desire a smart experience,
where orders that are already present (eg, activity, nursing, and
diet orders) are not duplicated; orders are prepopulated in a
risk-stratified and EB manner; and interruptive alerts or hard
stops are only provided when absolutely necessary. Themes
focused on patient outcomes include (5) EB decision support
including integration of links to the evidence, practice
guidelines, or web-based medical calculators; (6) promote
optimal care and prevent errors; (7) comprehensive across a
spectrum of disease or injury; and (8) malleability. The final
theme encouraged a CDS design that allowed flexibility for
each site to customize decision support and recommendations
to their institutional capabilities.

We have included 1 to 2 direct quotes from qualitative
interviews to illustrate each theme.

Theme 1: Alert Fatigue
The most common concern regarding CDSSs is alert fatigue.
Of the 22 clinicians, 19 (86%) specifically pointed out alert
fatigue as a major problem with other CDS tools they have used
in practice. Their concerns surround the frequency of alerts
firing, the firing of alerts at inappropriate times, and the rigidity
of some alerts:

The other question I’ve got for you is: are you going
to have a pop-up for rib fractures, another pop-up
for spleen injury, another pop-up for femur fracture,
where do you stop with the pop-ups? I’m not going
to want to click through 25 pop-ups to write my
admission orders. [MD, trauma, >10 years in practice]

The hard-stop pop-ups are the most frustrating
pop-ups because the computer does not have any
judgment, so if you put a hard stop there, that
computer is stopped. You can’t order any more orders
on your patient until you clear the pop-up. Sometimes
you end up ordering something that’s not appropriate
for the patient just so you can continue with writing
your orders. [MD, trauma, >10 years in practice]

More experienced trauma physicians (attending physicians, 4/8,
50%) are skeptical about the added workload that CDS alerts
cause and worry that they would have to find ways to work
outside the system to maintain efficiency. Of the 14 providers,
6 (43%) specifically mentioned that they believe navigating
pop-up alerts worsens their efficiency. Of those less concerned
about alerts, 67% (2/3) primarily worked in the emergency
department (ED) and consider frequent alerts helpful in their
chaotic environment.

Theme 2: Automation
The second most important quality of a CDSS to end users is
automation. Of the 22 clinicians, 17 (77%) believe that they
should not have to search for the CDS tool; rather, it should be
automatically triggered and contain prechecked orders based
on EB practices. For example, medications that require renal
dosing should be automatically prechecked based on the
patient’s glomerular filtration rate. Instead of providing
providers all possible permutations of a specific disease’s
admission orders, the system should use risk stratification or
other automated methods to precheck tailored orders for patients:

Boom, you can just click the box that has the dosing
for the patient’s weight, everything like that, so you’re
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not having to go between multiple screens. [Resident
MD, trauma]

RNs and providers early in their careers believe that maximally
automated CDSS would improve their efficiency. Of the 11
physicians, 8 (73%) concurrently pointed out that a CDSS needs
to allow for clinical judgment in fitting CDS for individual
patients.

Theme 3: Redundancy
The potential for redundancy created by CDS concerns both
providers and nurses; 36% (5/14) of providers and 25% (2/8)
of RNs explicitly pointed out that currently used CDS tools
frequently allow for overlapping orders and therefore create
confusion among nurses and added work for providers who
have to clean up those orders. Diet, activity, and nursing orders
were frequently cited, and medication orders were less cited:

It’s really important that this not generate a bunch
of duplicate orders that have to be cleaned up,
because that’s one of the number one things that is a
job dissatisfier for physicians: bogus work. [MD,
trauma and critical care, >10 years in practice]

Theme 4: Minimalistic Design
Experienced providers (3/14, 21%) and some RNs (2/8, 25%)
share the concern that CDS tools that are too complex (eg, poor
visibility, multiple steps per task, or confusing layout) can create
barriers to use. These providers value the ability to easily and
quickly take in all information on a screen and have considerable
disdain for EHRs that add significant complexity to their
documentation experience:

I think they’re cumbersome and difficult to read.
They’re hard to scroll through. Sometimes the scroll
bar works, other times it doesn’t. The words are small
on the screen, and you don’t see them well—they’re
kind of gray instead of black—so trying to read them
becomes very difficult. Then there are these
paragraphs and columns, and you have multiple
options, and you’re trying to read through these
options for something, and you’re scrolling through,
and by the time you get to the bottom, you can’t
remember what the top option meant. [MD, trauma
and critical care, >10 years in practice]

Theme 5: EB
Most providers (9/14, 64%) and RNs (6/8, 75%) agreed that
CDS protocols must be EB. RNs specifically desired a better
understanding of the evidence behind best practices:

I think there should be on the intranet something
available where everybody can scroll through to see
what the research is. If somebody references it, they
can quick go throw in a link to it, so we can all see
what it is and it’s just there for everybody to see. [RN,
critical care]

Physicians believe that when CDS is supported by strong
evidence, it will help standardize practice across a group,
particularly when it comes to less common interventions; for
example, rib fixation and nerve blocks. Other perceived benefits

of linking to the evidence base include increasing buy-in from
users, reducing the knowledge gap between novice and expert
clinicians, and helping users of different backgrounds provide
consistent care:

I think that it would serve best as an advisory tool
[...] here are evidence-based recommendations that
will help support this patient. It takes the guesswork,
especially for moonlighting physicians or providers
that aren’t really up on all the literature, and takes
that information and moves it into the realm of
recommendations that can standardize a practice
across a trauma department. [MD, trauma, 4-6 years
in practice]

Theme 6: Promote Optimal Care and Prevent Errors
Many clinicians (8/14, 57% of providers and 5/8, 63% of RNs)
believe that CDS should help them provide optimal care and
avoid errors. There is an important distinction to be made with
the EB theme, which focuses on improving adherence to the
evidence and delivering evidence at the point of care. This theme
focuses on how a system can prevent errors by using alerts.

In short, the EB theme guides clinicians to what they should
do; this theme (promote optimal care and prevent errors)
prevents clinicians from doing something they should not do:

I think something to come and say, do you really want
to do that? In order for you to move forward in this,
the patient has to meet these criteria and it appears
that they don’t, being able to pull data from Epic to
put there in front of the practitioner to say this is not
in keeping with our clinical decision tool. [RN, critical
care, >10 years in practice]

Institutional morbidity and mortality conferences [37] and
sentinel events may provide a rich resource to guide the
integration of error prevention and early warning CDSSs.

Theme 7: Comprehensive Across a Spectrum of Disease
or Injury
Half of the clinicians (6/14, 43% of providers and 5/8, 63% of
RNs) share the enthusiasm for a comprehensive CDSS rather
than one that addresses a single-point decision. They support
comprehensive disease-specific decision support from admission
to discharge. Examples include incorporating tools addressing
care from admission to after discharge, predicting and addressing
common complications, and facilitating a multidisciplinary
approach to healing:

An ideal decision support system would be both
sensitive and specific, and readily identifies those
patients that you may not be thinking about, and also
providing you with the options of treatment that you
may not be necessarily thinking about or are
knowledgeable in regards to. [MD, emergency
medicine, >10 years in practice]

I really think that incorporating aspects of aftercare-
after hospital contact, outreach, and monitoring-
would help to improve outcomes. [Resident MD,
trauma]
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Theme 8: Malleability
Half of the clinicians (5/14, 36% of providers and 6/8 75% of
RNs) also believe that CDSSs should be malleable and able to
accommodate the needs of different facilities, phases of care,
and patient populations. Providers and RNs from different
specialties and hospitals expressed concerns, as well as
suggestions, specific to their area of practice. This was most
common among ED clinicians (5/6, 83% ED clinicians). For
example, our prototype CDS included an anesthesia consult for
epidural placement; however, it became apparent that this would
be feasible at some hospitals but not at others:

But we don’t have a respiratory therapist, so how
would that work? We don’t have a pharmacist, so
how would that work for us? We don’t have a physical
therapist or an occupational therapist, so I guess if
the patient’s boarding in the ER, how do we make all
of that happen? [RN, emergency medicine, >10 years
in practice]

Other areas of care that were mentioned as not falling under a
one-size-fits-all model were therapies, community hospitals
where providers were not in-house 24/7, and older adult
populations.

Select representative quotes and CDS design recommendations
are given in Multimedia Appendix 2.

Using our findings from the qualitative interviews and thematic
analysis, we worked with our EHR build team to implement
modifications to the prototype CDS care map. For example,
instead of a rib fracture multimodal analgesia panel that offers
all possible analgesia options for selection (as was initially
planned in the prototype), end users desired a system that
prepopulates analgesia based on patient risk stratification,
ensures the patient does not already have duplicate medications
ordered, and automatically prepopulates and prechecks the
recommended nonsteroidal anti-inflammatory drug and
gabapentin doses based on the patient’s renal function. Figure
3 shows the workflow for the final CDSS, with new elements
designated by purple arrows.

Figure 3. Final rib fracture clinical decision support (CDS) care map workflow (new elements designated by purple arrows). BPA: best practice
advisory; CAPA: clinically aligned pain assessment; CDS: clinical decision support; CT: computed tomography; CTA: computed tomography angiography;
CXR: chest x-ray; ED: emergency department; EWS: early warning system; PIC: pain inspiration cough; ICU: intensive care unit; IV: intravenous;
RN: registered nurse; S/F: oxygen saturation/fraction of inspired oxygen ratio.

Discussion

Principal Findings
In this study, we sought to use qualitative interviews guided by
the UTAUT to understand key themes associated with highly

acceptable CDSSs earlier in the development and
implementation process than has traditionally been done (Figure
4).

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e29019 | p.580https://humanfactors.jmir.org/2022/1/e29019
(page number not for citation purposes)

Jones et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 4. Process and sequence for the development of acceptable clinical decision support system (CDSS) care maps [2,3,13,38-41]. EHR: electronic
health record; IT: information technology.

This was a planned stage of a UASAD development and
implementation strategy focused on a 12-hospital system-wide
CDS care map for patients with rib fractures. The following
eight key themes were identified: alert fatigue, automation,
redundancy, minimalistic design, EB, prevent errors,
comprehensive CDS, and malleable design. Guided by these
themes, an ideal CDS will provide support from ED arrival
through discharge and not only focus on improving adherence
with EB practice but also deliver evidence to the clinician at
the point of care. Common errors or causes for patient
decompensation that may occur when managing a specific
disease process should be identified, and error prevention should
be integrated into the design of the CDS. In addition, individuals
responsible for the design and creation of such tools should take
care to maximize automation and minimalistic design. CDSSs
should leverage the rich structured EHR data available to
provide more tailored and automated support; this facilitates
minimalistic design as it reduces the necessity to deliver all
possible orders to providers. Finally, as these systems are
ultimately scaled across health care systems, it is imperative
that they are designed to be easily tailored to individual hospital
capabilities and resources while maintaining fidelity to EB
practice.

To no surprise, alert fatigue was the most commonly cited
barrier to CDSS acceptance. Our findings support the current
literature that is increasingly recognizing alert fatigue as a
negative consequence of CDSSs and a frequently cited reason
for poor adherence [42,43]. A focused review of the current
CDS literature has found no consensus on how to eliminate
fatigue; however, previous studies agree on its contribution to
poor adoption and clinician burnout [44-48]. Limiting the
frequency of alerts or only assigning alerts to high-severity flags
has been one solution previously proposed in the literature [49].
Our prototype CDSS included the following alerts that were
active when the patient was in the ED: an alert prompting the
radiologist to document whether rib fractures were present, an
alert recommending a computed tomography scan for patients
with a rib fracture seen on the chest x-ray, and an alert

recommending surgery consultation for rib stabilization surgery
in patients stratified to severe risk of complications. In addition,
the admission order panel included 6 hard stops that forced
provider action to get past.

We were able to make many recommendations to improve the
final CDSS (Figure 3), which was based on the prototype shown
in Figure 1 and redesigned based on our findings reported in
this study. To combat alert fatigue, we recommended the
integration of an artificial intelligence (AI)-enabled system that
can read chest x-rays and tell the clinical team if the patient has
rib fractures. AI diagnostic models using biomedical imaging
are increasingly being investigated to improve diagnostic
accuracy and minimize the workload of radiologists. They are
used to facilitate imaging diagnosis for simple tasks and have
been successfully used for several disease processes, including
COVID-19 [50], acute respiratory distress syndrome [51], and
pneumothorax [52] detection. We envision using a similar model
for rib fracture detection. Using AI to perform the duties of
identifying patients with rib fractures and quantifying the
number of rib fractures present could remove these tasks from
providers and decrease the frequency of alerts. To address the
computed tomography scan and surgery consultation alert
recommendations, we proposed a solution that monitors provider
adherence with specific EB practices. In our final CDSS,
clinicians that are already adherent to EB practice over a
prespecified threshold will cease to receive notifications unless
adherence falls below the threshold. Finally, all 6 hard stops
were removed from the admission order panel. Interestingly,
most of the clinicians who had expressed less concern with alert
fatigue worked primarily in the ED and believed frequent alerts
to be a generally positive thing and helpful in their chaotic
environment. This suggests that different specialties may have
different thresholds for tolerating interruptive decision support
and needs further investigation.

Similarly, clinicians from all backgrounds agreed that the ideal
CDSS should be maximally automated. These findings support
the current literature that has shown that clinicians are hesitant
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to use CDSSs that require additional time and effort [53].
Another study found that automated decision support was 1 of
4 main factors contributing to the success of CDS [54]. The
strongest enthusiasm for this came from younger providers who
referenced their workload and need for the EHR to improve
rather than hinder their efficiency. However, experienced users
were more likely to mention the necessity of clinical judgment.
The necessity of provider judgment in high-acuity situations
has been previously identified as a challenge when designing
CDS, and it is imperative to build flexibility into CDS to allow
for clinician judgment [55]. Interestingly, experienced (>10
years in practice) providers were more likely to have a negative
association with tools that were too complex or lengthy in
appearance, suggesting that as new physicians move into
practice, there will be a shift toward increased tolerance of
technology complexity. In today’s EHR, when entering orders,
providers frequently use order sets that include selectable orders
related to the patient’s disease process. Historically, order sets
contain lists of orders for the provider to select from; the orders
are not prechecked, and thus order sets require significant time
on the part of providers to decide the orders they want and then
to select each individual order. By prepopulating and
prechecking orders, we are providing cognitive support so
providers can easily see which orders are recommended for a
disease process, thereby minimizing their workload and time
spent checking boxes. Although the prototype CDSS already
included an automated machine risk stratification (ie, mild,
moderate, and severe) that presented individualized admission
order panels, in the final CDSS, we further supplemented this
by automating medication dosing, order set integration, and the
calculation of a rib fracture decompensation scoring system.

Historically, CDSSs have addressed individual components of
a patient’s care (eg, an admission order set or ordering a specific
test), which can result in disjointed care. Most CDS developed
to date focus on single decision points and less on
comprehensive disease-specific decision support spanning the
duration of hospitalization. As a solution, we suggest creating
a multifaceted CDSS that addresses care across the spectrum
of a disease; this has also been suggested in the literature but
has not been extensively studied [56,57]. A CDSS that
incorporates all phases of care, from admission orders and
imaging to discharge and follow-up, could be built to avoid
redundancy as well. In addition, a CDSS with components that
target different members of a multidisciplinary team may
improve processes in today’s increasingly team-centered health
care model [48]. To this effect, our final CDSS, which was
modified based on our findings reported here, includes decision
support modules for ED providers, ED RNs, respiratory
therapists, the admitting team (ie, trauma surgery or internal
medicine), and inpatient RNs. For ED nursing, ED decision
support centers on a collection of elements critical for risk
stratification, whereas inpatient nursing leverages the Epic EHR
Nurse Brain. Decision support for inpatient providers centers
on support for admission, detection of clinical worsening, and
discharge; for ED providers, it assists in identifying patients
with rib fractures and triaging them appropriately.

To address redundancy, our final CDSS is not delivered as
another admission order set, but rather as an integrated order

panel within standard admission order sets. To promote EB
care, links are included in all EB guidelines or decision aids
when relevant. To reduce errors and promote optimal care,
medication alerts were created to trigger in response to
abnormally high dosages, and medications that require renal
dosing will cross-reference the patient’s glomerular filtration
rate. To promote optimal care, an early warning system
specifically tailored for patients with rib fractures [4,58] is
integrated into the CDS to identify patients at high risk for
decompensation and prompt early intervention. Finally, although
the prototype CDSS was originally developed for a tertiary
academic trauma center, the final CDSS was subsequently
tailored to maintain fidelity but optimize logistics for various
Midwest community hospitals. For example, in lieu of neuraxial
blockade, regional catheters can be more easily provided at
certain sites, and in lieu of the intensive care unit admission for
all older adult patients with multiple rib fractures, a dedicated
respiratory unit or specialized trauma floor may be used.

The integration of formal end-user qualitative feedback guided
by the UTAUT model resulted in significant redesign of a
trauma CDS care map and provided a framework for future
prototyping. While pilot-testing or usability testing, a formal
process of observing end-user interactions with a system to
identify problems to repair and measure user performance [59],
is an integral part of a UCD for CDS; most studies focus on
UCD after the EHR build is complete with iterative redesign
before implementation [12,18]. We believe that using qualitative
assessment as a component of the UASAD model before the
EHR build improves UCD by engaging end users early in the
process. These recommendations are especially timely, as the
realm of decision support for patients with thoracic trauma has
not yet been extensively explored, with few existing CDSs
reported [2,22,23].

Conclusions
In this study, we identified the benefit of using the UASAD
model in the development of an acceptable prototype CDS care
map before the EHR build and formal usability testing. By
optimizing user acceptance through this qualitative method of
prototype design before the EHR build, the UASAD model may
result in fewer iterative redesigns during usability testing and
ultimately reduce development time. In addition, this approach
can accommodate the input of many multidisciplinary end users,
facilitating the generalizability of user acceptance. Finally, it is
possible that the integration of a UTAUT-driven qualitative
redesign may facilitate more substantive CDS modifications,
as usability testing typically focuses on optimizing how users
complete certain tasks or interact with the CDS.
UASAD-adaptive CDS redesign may offer end users a blank
slate to maximize acceptance and tailor initial EHR build to
institutional resources and workflow. Our experience with
qualitative assessment of a prototype CDS care map has helped
us identify 8 themes associated with acceptable CDS that may
be used as a framework for future CDS design. CDS adaptive
redesign guided by end-user qualitative analysis and validated
technology acceptance theories may result in systems with
higher acceptability. Further research is needed to identify
specific ways to incorporate these features into CDS and
evaluate trends in outcomes. Our team’s next steps in the
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development and implementation of a rib fracture CDS care
map involve performing formal usability testing on the final
CDSS, iterative redesign based on findings, implementation,
and assessment of outcomes.

Limitations
Our study focused specifically on an inpatient CDS care map;
therefore, these recommendations may not be generalizable for

the ambulatory setting. We limited our clinicians and prototype
to the trauma population; therefore, the findings may not be
generalizable to nontrauma patients. Although interviewees
covered both university and community hospital settings, rural
and federal hospitals were not well-represented in the sample;
thus, the findings may not be applicable to those settings.
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Abstract

Background: The availability of patient outcomes–based feedback is limited in episodic care environments such as the emergency
department. Emergency medicine (EM) clinicians set care trajectories for a majority of hospitalized patients and provide definitive
care to an even larger number of those discharged into the community. EM clinicians are often unaware of the short- and long-term
health outcomes of patients and how their actions may have contributed. Despite large volumes of patients and data, outcomes-driven
learning that targets individual clinician experiences is meager. Integrated electronic health record (EHR) systems provide
opportunity, but they do not have readily available functionality intended for outcomes-based learning.

Objective: This study sought to unlock insights from routinely collected EHR data through the development of an individualizable
patient outcomes feedback platform for EM clinicians. Here, we describe the iterative development of this platform, Linking
Outcomes Of Patients (LOOP), under a human-centered design framework, including structured feedback obtained from its use.

Methods: This multimodal study consisting of human-centered design studios, surveys (24 physicians), interviews (11 physicians),
and a LOOP application usability evaluation (12 EM physicians for ≥30 minutes each) was performed between August 2019 and
February 2021. The study spanned 3 phases: (1) conceptual development under a human-centered design framework, (2) LOOP
technical platform development, and (3) usability evaluation comparing pre- and post-LOOP feedback gathering practices in the
EHR.

Results: An initial human-centered design studio and EM clinician surveys revealed common themes of disconnect between
EM clinicians and their patients after the encounter. Fundamental postencounter outcomes of death (15/24, 63% respondents
identified as useful), escalation of care (20/24, 83%), and return to ED (16/24, 67%) were determined high yield for demonstrating
proof-of-concept in our LOOP application. The studio aided the design and development of LOOP, which integrated physicians
throughout the design and content iteration. A final LOOP prototype enabled usability evaluation and iterative refinement prior
to launch. Usability evaluation compared to status quo (ie, pre-LOOP) feedback gathering practices demonstrated a shift across
all outcomes from “not easy” to “very easy” to obtain and from “not confident” to “very confident” in estimating outcomes after
using LOOP. On a scale from 0 (unlikely) to 10 (most likely), the users were very likely (9.5) to recommend LOOP to a colleague.
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Conclusions: This study demonstrates the potential for human-centered design of a patient outcomes–driven feedback platform
for individual EM providers. We have outlined a framework for working alongside clinicians with a multidisciplined team to
develop and test a tool that augments their clinical experience and enables closed-loop learning.

(JMIR Hum Factors 2022;9(1):e30130)   doi:10.2196/30130

KEYWORDS

emergency medicine; usability; human-centered design; health informatics; feedback; practice-based learning and improvement;
emergency room; ER; platform; outcomes; closed-loop learning

Introduction

Proficiency in the practice of medicine is achieved over years
of rigorous training and is maintained through a lifelong
commitment to practice-based learning and improvement [1].
This is among the core competencies described by the
Accreditation Council for Graduate Medical Education
(ACGME) for all physician trainees and has been integrated
into the Maintenance of Certification program by the American
Board of Medical Specialties (ABMS) [2,3]. To engage in
practice-based learning, clinicians must continuously assess the
effectiveness of their own clinical practice [4] and actively work
to make improvements at the individual and system levels [5].
Optimal experiential learning requires robust feedback
mechanisms; therefore, the learner understands the real-world
consequences of the actions taken and is provided the
opportunity to correct course in response to suboptimal
outcomes [6]. This type of closed-loop learning is a core
component of deliberate practice and has been central to medical
education since the time of William Osler [7]. However, the
availability of outcomes-based feedback is highly variable across
practice settings and medical specialties [8,9] and clinicians are
often unaware of how their actions affect the short- and
long-term health of patients [10].

Emergency medicine (EM) clinicians play a pivotal role in the
health care system; yet, practice in an environment makes
outcomes-driven learning particularly challenging. Emergency
departments (EDs) are a point of entry for acutely injured and
critically ill patients and are a primary source of health care for
vulnerable populations [11]. In 2016, ED encounters exceeded
145 million in the United States alone [12]. While making
high-stakes decisions under excessive cognitive loading and
time pressure [12-15], EM clinicians set care trajectories for
the majority of hospitalized patients and provide definitive care
to an even larger number who are discharged into the community
[16]. Additionally, because of the episodic nature of emergency
care, longitudinal doctor-patient relationships do not exist in
the ED. Currently, there is no mechanism for delivering
systematic information about post-ED encounter patient
outcomes to emergency clinicians for patient outcome–based
feedback [10,17]. Emergency clinicians recognize the value of
practice-based and outcomes-informed experiential learning,
and they are interested in more robust postencounter feedback
systems. These systems have shown potential to decrease
adverse ED events, improve team function, and further clinician
professional development [3,6,17,18]. Currently, postencounter
telephone calls to patients of interest and case conferences (eg,
morbidity, mortality) are the most common methods used to

elicit postencounter patient outcome feedback in EM [17]. Over
the past decade, the widespread adoption of electronic health
records (EHRs) has generated continuously growing pools of
clinical data, including data related to post-ED encounter patient
outcomes with the potential to inform clinician practice and
facilitate practice-based learning [19,20]. To date, this potential
has not been realized.

In this study, we sought to unlock insights from routinely
collected EHR data through the development of an
individualizable patient outcomes–feedback platform. Here, we
describe the iterative development of this platform, Linking
Outcomes of Patients (LOOP), under a human-centered design
(HCD) framework [21] and execute this through a unique
collaboration between the Johns Hopkins Schools of Medicine
and Engineering as well as Maryland Institute College of Art
(MICA). We also report the functionality and usability of LOOP
as assessed by the direct measurement of the end user clinicians’
knowledge, skills, and attitudes as they interacted with and used
LOOP.

Methods

Research Team Structure and Study Population
This mixed methods study was performed between August 2019
and February 2021 via a collaborative effort between the Center
for Social Design at MICA and the Center for Data Science in
Emergency Medicine (CDEM) at the Johns Hopkins University
School of Medicine in Baltimore, Maryland. Our core study
team comprised EM physicians, design researchers, human
factors engineers, software engineers, and data analysts. This
project was conducted in 3 phases: (1) conceptual development
under an HCD framework, (2) technical platform development,
and (3) usability evaluation. Study sites included a large
quaternary academic medical center ED and a community
hospital ED; all study participants were EM clinicians who
practiced at one of these sites.

Ethics Approval
This study was approved by our institutional review board
(IRB00185078) after expedited review.

Phase 1: Conceptual Development Under an HCD
Framework
In the fall of 2019, we conducted an intensive 16-week HCD
studio [21] focused on addressing the delivery of feedback to
EM clinicians related to post-ED encounter patient outcomes.
MICA design faculty (BS and CM) led the studio in partnership
with CDEM researchers. As shown in Figure 1, our HCD studio
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consisted of 6 stages: frame and plan, research, synthesize,
ideate, prototype, and iterate and implement.

First, our multidisciplinary research team conducted cocreation
sessions to fine-tune the scope and objectives of the project.
We then engaged in design research with end users via a mixed
methods approach that included observations, semistructured
interviews, and surveys of EM clinicians. Observations focused
on EM clinician interactions with existing technologies, and

semistructured interviews focused on current patient outcome
follow-up and practice-based learning behaviors (Table 1).
Surveys were used to assess current patient follow-up practices,
identify important patient outcomes for post-ED encounter
follow-up, and define ideal timeframes for outcome reporting
(Multimedia Appendix 1). Thematic analysis of research output
was used to synthesize “personas,” “design principles,” and
“opportunity areas” that would guide future HCD studio
activities.

Figure 1. Human-centered design methods used to develop Linking Outcomes Of Patients. CDEM: Center for Data Science in Emergency Medicine.
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Table 1. Examples of high priority questions from the design research stage interview guide.

ExamplesQuestion category

What does a perfect day at the emergency department look like for you?Rapport building

What things currently complicate your decision making in the emergency department? (individual, institutional,
environmental)

Optional follow up: Could you relate that back to feedback?

Stress

How do you find out what happens to your patients after they leave the emergency department?

Optional Follow up: Why do you think you don’t receive the kind of information/feedback you would like?

Feedback

What format would prefer to receive feedback on what happens to respiratory infection patients and why? (Prompt:
ask about how they prefer seeing info, ie, text, charts, images, video, voice messages)

Design

Walk me through how you develop a set of possible diagnoses and how you differentiate between them to come
to a final diagnosis.

Diagnostic/decision making

Next, end users were reincorporated into the HCD studio
through an in-person multistakeholder ideation session that also
included engineers and data analysts. Previously defined design
principles and opportunity areas were employed as guides, and
potential solutions were generated using numerous ideation
techniques (eg, brainstorming, brain dumping, sketching,
storyboarding). The ideation session output was subsequently
used by designers to develop a series of solution prototypes.
Prototypes progressed through several levels of fidelity as
designers collaborated with clinical and technical research team
members to ensure that solutions were compatible with existing
health information technology. Finally, designers and end users
convened to develop an idealized version of the feedback tool,
which incorporated features generated during the ideation and
prototyping stages. User personas were used as a touch point
to build out dimensionality for the ideal feedback tool. Attendees
of these sessions also created an experience map, which
described the envisioned end user’s journey with the tool
through 4 phases: learning about the tool, using the tool, owning
the tool, and implementing the tool into practice.

Phase 2: Technical Platform Development

Patient Outcome Selection
An initial set of patient outcomes was selected for inclusion in
the initial version of our tool based on end user preferences
(discovered through design research) and feasibility of data
collection and standardization. Outcomes selected were
in-hospital mortality, escalation of level of care (eg, floor to
intensive care unit) within 24 hours of ED departure, and return
to the ED within 72 hours of discharge. These outcomes are
commonly used quality measures [22,23], applicable to the
entire ED population, and reliably recorded in the EHR.

Data Capture, Normalization, and Delivery
CDEM data analysts and engineers developed a data processing
pipeline to facilitate the population of post-ED encounter patient
outcomes within our feedback platform. In brief, raw EHR data
were first populated within a Health Insurance Portability and
Accountability Act–compliant research computing environment,
where a normalization code was developed to identify and label
post-ED encounter patient-level events and to attribute patient
encounters to individual EM clinicians by using native EHR
data fields and timestamps. The normalization code was
validated via chart review by an EM clinician and data analyst.

Following validation, the normalization code was applied to
daily extracts of EHR data within a reporting server, and
aggregated views of normalized data were pushed to a
presentation server that would power our patient feedback
platform.

Digital Feedback Platform Design
Working alongside EM clinicians (JH, CK, and SP) and software
engineers (AGS and MT) in a co-design process, our lead design
researcher (CM) transitioned the final analog prototype into a
fully operational digital platform. Early digital prototypes were
built using dummy data and design software that facilitated
realistic end-user interaction and rapid iterative improvement
(Agile methodology) [24,25]. User needs, including minimum
information requirements, optimal outcome definitions, and
data labels and data filtering capacities, were further defined
within this environment. A final digital mock-up was then used
as a template to develop LOOP within the clinician-facing
analytic software used by our institution to ensure that our final
product adhered to the principles and requirements generated
through co-design and would function within our local
information technology infrastructure. Throughout this process,
our design researcher also worked closely with data analysts
and software engineers who led the data processing pipeline
development to ensure interoperability of our entire LOOP
system.

Phase 3: Usability Evaluation
Usability evaluation was performed by 3 members of the
research team: a frontline EM physician (CK), a design
researcher (CM), and a health systems engineer with a clinical
background (ATS). All participants included were practicing
clinicians at an ED study site; members of our study team were
excluded from participation in the usability evaluation.
Participants were selected using a purposive stratified sample
of EM clinicians with representation from multiple end user
groups based on trainee status (eg, year of residency), clinical
experience (eg, trainee, advanced practice provider, and
attending), and gender. After verbal consent was obtained,
usability evaluation was performed virtually using an
audio-video platform and the sessions were recorded.

Pre-LOOP Survey
Participants first completed a brief anonymous electronic survey.
The survey assessed demographics, current method(s) used for
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patient outcomes review, baseline knowledge of patient
outcomes, and attitudes about their current method(s) of review
and outcomes (Multimedia Appendix 2). To assess knowledge
as opposed to memory, participants were advised prior to the
usability evaluation to bring any materials they use to track their
patient outcomes and encouraged to refer to these aids to
demonstrate their knowledge about their patient outcomes during
the survey, which required participants to estimate the frequency
of postencounter patient outcomes over several time periods.
We assessed their attitudes about patient outcomes by asking
about the confidence in estimates, ease of finding this
information, and usefulness of knowing this information.
Furthermore, we asked about their willingness to use their
current method to find these outcomes, their trust in the data
obtained, and whether the information collected is representative
of the overall trends for all their patients.

Task Analysis
We then provided participants access to LOOP and performed
task analysis while they used the tool. The first set of tasks was
determining the number of patients they had seen over the past
30 days who experienced each outcome of interest. Additionally,
we asked users to navigate to the chart of a patient who returned
within 72 hours and was admitted within our EHR. We also
asked them to identify a patient who had died during their
hospitalization and email the patient’s information to a member
of our team (to simulate informing a colleague about a patient

outcome). Lastly, we asked the users to locate the list of all
patients they had seen in the past 30 days and to identify a
patient who was dispositioned to hospital observation. While
completing these tasks, participants were asked to use the
“think-aloud” method, verbalizing their thought process.
Research team observers assessed usability performance metrics
such as task completion time and methods of navigation and
identified struggle points.

Post-LOOP Survey and Interview
After using LOOP, participants were asked to complete a second
survey to assess their knowledge, skills, and attitudes related
to using LOOP. This survey asked the same questions as the
initial survey and assessed their experience using LOOP. To
assess usability of the tool, we combined and adapted the System
Usability Scale [16], the Standardized User Experience
Percentile Rank Questionnaire [17], and validated instruments
composed of statements, and asked users to indicate their level
of agreement: strongly disagree, disagree, agree, strongly agree
(Multimedia Appendix 2). In the final step of the usability
evaluation, we performed semistructured interviews to debrief
with the participant about their experience with LOOP related
to the perceived benefits, usefulness, and intention to use
(Textbox 1). At the end of each usability evaluation, we asked
for feedback about their usability evaluation experience, and
observers had the opportunity to ask follow-up questions about
observations from the task analyses.

Textbox 1. Questions from a usability evaluation semistructured interview.

1. Overall, how would you describe your experience with the Linking Outcomes Of Patients (LOOP)?

2. I know you were asked in the surveys about ease—do you find the interface easy to use? Why?

3. Did you find any aspects difficult? What did you expect to happen?

4. How do you feel about the level of information being shown in the outcomes? Do you find the information easy or difficult to digest? Why?

5. Was there any information you found surprising?

6. Do you find LOOP is more or less effective than your current method of reviewing patients? Why? About how long would you estimate you
spend on your current method?

7. Are there other benefits you see to using this tool?

8. When do you see yourself using LOOP? What feature or addition that would bring you back to using LOOP?

Data Analysis
After each usability evaluation session, the research team
debriefed, uploaded their data to a secure team folder, and
collectively summarized the performance metrics, key findings,
and issues to address by comparing notes to reach consensus.
Issues raised by users during testing as well their semistructured
interviews were classified as either front-end (design) or
back-end (data infrastructure) challenges. Additionally, issues
were categorized based on benefit to the user (significant
benefit/minimal benefit) and effort to address (easy,
intermediate, difficult). For statistical analysis of the preusability
and postusability evaluation survey results as well as task times,
descriptive statistics were calculated and data were visualized
using R 4.0.3 (R Core Team).

Results

Phase 1: Conceptual Development Under an HCD
Framework

Frame and Plan
Through cocreation sessions, the research team came to
consensus on a well-defined focus to create a closed feedback
loop with postencounter patient-based outcomes for EM
providers. The team also determined the steps for accomplishing
the remaining stages of the project, which will be further defined
below.

Research and Synthesis
The design researchers completed 18 person-hours of workflow
observations across both ED sites and conducted semistructured
interviews of 11 EM clinicians. Attending EM physicians,
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resident physicians, and advanced practice providers participated
in observations and interviews. Surveys were completed by 24
attending EM physicians. Several important themes emerged
from observations and interviews, as detailed in Table 2. Many
EM clinicians were observed using self-devised work-around
solutions to track post-ED encounter patient outcomes, including
manual creation of patient lists (electronic or handwritten) to
facilitate EHR review in the future and exchange of contact
information with patients; others reported similar approaches

during interviews. We found that EM clinicians desire
information about post-ED encounter patient outcomes and see
this type of feedback as important to practice-based learning.
They also reported that this information is most often
unavailable, and when available, is predominantly negative (ie,
associated with adverse patient outcomes). Several clinicians
reported that these strategies are only effective when they are
time permitted, which is a continuous challenge in the ED
environment.

Table 2. Themes from observations and semistructured interviews during the research stage of the human-centered design studio.

Examples of interview quotationsExamples of observationsTheme

…I wish there was a way they could contact me and
say, ‘I’m not improving, I’m going to see my primary
care provider.’

…Post encounter feedback is crucial.

(About patient outcome follow-up) …It’s sort of like
a vitamin that I have to take every day for my health.
It’s something that will make me a better doctor in
the long run.

Physician writes down patient’s phone number
and reports they do this when they want feed-
back about that patient’s outcome.

Physician gives their personal telephone num-
ber to older patients to enable closed-loop
feedback.

Emergency Medicine clinicians value posten-
counter outcomes–driven feedback.

…If patients are not put on a list in (the electronic
health record) they disappear.

…The feedback (we receive) is not representative of
what is actually happening.

Physician pulls out the list of patients they keep
track of from their pocket. Says they are only
able to track a couple of patients in each shift.

Existing systems for delivery of information
about patient outcomes are severely limited.

…Feedback is limited to lawsuits and bad outcomes.

…I get feedback if someone complains or dies.

Physician reports that if something bad hap-
pens, clinicians find out from leadership.
Physician seems tense when discussing.

Currently available outcomes-driven feedback
is predominantly negative.

…I call patients if I’m concerned about them.

…I keep a list of patients on my electronic health
record profile when I want to see what happened to
them.

Physician leaves patient notes unsigned so that
patients’ charts will remain in their electronic
health record workflow, forcing additional case
review

Emergency Medicine clinicians use
workaround solutions to obtain outcome infor-
mation for cases perceived as interesting or
high risk.

These themes were further supported by survey results. The
most frequent mode reported for learning about patient outcomes
was manual EHR chart review (20 of 24 surveyed EM
clinicians), followed by email (7/24), phone (5/24), and
face-to-face communications (4/24) between colleagues and
patients. A small proportion of EM clinicians (2/24) reported
learning about outcomes “haphazardly” and during morbidity
and mortality conferences, further reinforcing the idea that most
feedback available to EM clinicians is negative. Three-quarters
of those surveyed (18/24) preferred to receive both positive and
negative feedback, while 6 preferred to receive feedback related
to negative outcomes only. Most EM clinicians wanted to know
if patients required escalation of care level (eg, transfer from
floor to intensive care unit) shortly after admission (20/24), died
during their hospitalization (15/24), had a discrepancy between
diagnosis assigned at time of admission (ED diagnosis) and
diagnosis assigned at hospital discharge (inpatient diagnosis)
(14/24) or returned for repeat ED evaluation within a brief time
window after ED discharge (16/24). Fewer surveyed clinicians
(<30%) wished to be notified when patients filled ED
prescriptions, visited an urgent care clinic, followed up with

primary care physicians, or had medication treatment regimens
changed in the inpatient setting after ED departure.

User personas, guiding design principles, and opportunity areas
were also defined using information gathered during design
research activities. Six user personas that spanned age groups,
learning styles, and affinities for technology were generated
and used to drive iterative tool design and development and to
perform internal testing of prototypes (Figure 2). Design
principles around which all future design and development
activities would revolve included (1) recognition and
demonstration of value for the clinician’s practice, (2) capturing
curiosity and encouraging action through knowledge building,
(3) prioritization of clear and simple information delivery, and
(4) maintenance of flexibility to respond to end user clinicians’
needs and preference as they arise throughout the co-design
process. Finally, the 4 primary opportunity areas identified for
meaningful impact were (1) provision of balanced positive and
negative feedback, (2) provision of feedback in a format that
allows for improvement of decision-making without
overwhelming clinicians, (3) provision of both population-level
and patient-level outcome data, and (4) creation of a platform
that is customizable at the individual clinician level.

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e30130 | p.592https://humanfactors.jmir.org/2022/1/e30130
(page number not for citation purposes)

Strauss et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 2. Six user personas generated during human-centered design studios and used to drive tool development and to perform internal prototype
testing.

Ideation, Prototyping, and Iteration
During our multistakeholder ideation session, designers
collaborated with engineers, data specialists, and end user EM
clinicians to translate the themes, opportunity areas, and design
principles above into a set of target design features that would
guide analog prototyping of our tool. Design features that
emerged from this session are shown in Table 3. Each
participating EM clinician was then assigned a clinician user

persona, and a 2D sketch representation (first prototype) of a
feedback platform was generated for that persona (see Figure
3 for a representative example). Although all design features
were represented across the user-generated prototypes, only
comprehensive patient lists, data tagging, and EHR
interoperability were observed in all prototypes. Over several
additional weeks, designers analyzed user prototypes and
developed a final analog prototype that included as many design
features as possible through iteration.

Table 3. Design requirements established during ideation and prototyping phases of our human-centered design studio.

PurposeDesign features

Allows users to find information of all the patients they have cared forComprehensive lists

Allows users to transition between platform and patient’s clinical chartElectronic health record interoperability

Gives users the power to drill down through the use of data labels/tagsData tagging

Allows users to prioritize patients of interest for future reviewPin a patient

Allows other users to appreciate the work of fellow cliniciansGlow moments

Allows a user to customize their experience based on time availabilityTask timer

Limits visibility of protected health information outside of hospital settingHome/hospital toggle

Allows users to see a patient’s journey after their carePatient timeline

Allows users to set an alarm to review outcomesNotification/reminder
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Figure 3. Evolution of Linking Outcomes Of Patients from human-centered design studios going from (A) physician prototypes to the (B) final version
used in the usability evaluation. EHR: electronic health record; LOOP: Linking Outcomes Of Patients.

Phase 2: Technical Platform Development
As shown in Figure 3, analog prototypes were transitioned to
a digital feedback platform in a stepwise fashion. The first digital
versions of LOOP were developed using design software that
was not connected to real-time data flows. Earliest version
(Figure 3A) development focused on incorporation of design
features defined during phase 1 ideation, while later versions
focused on establishing dimensionality that would facilitate
attribution of patients to individual clinicians and allow for data
sorting and filtering by time and outcome (Figure 3A). Finally,
the digital platform was translated into analytic software used
by our health care system (Figure 3A) and optimized to accept
real-time feeds of normalized EHR data. End user EM clinicians,
engineers, and data analysts were included at every stage of
digital development. Engineers and data analysts ensured the

platform was technically feasible, while end users ensured it
was functional and maintained consistency with the themes and
design principles generated during our HCD studio. Most design
features that were incorporated into early end user protypes
(Table 3) were included in the final version of LOOP, including
comprehensive lists, EHR interoperability, data tagging, and
home/hospital toggle (Figure 3B). Other features, including pin
a patient, task timer, and notification reminder, were not
included as explicit features of the final platform, but tasks
associated with these features were possible to perform within
the platform using other mechanisms. Others, including glow
moments and patient timeline, were not included in the final
platform owing to technical limitations, but they are features
that we will seek to incorporate in future versions.
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Phase 3: Usability Evaluation
For usability evaluation, our study population included 12 EM
providers and 6 (50%) were women. There were 3 (25%)
attending physicians, 7 (58%) resident physicians, and 2 (17%)
advanced practice providers. The median age was 33.5 (IQR
28-38.3) years. Usability evaluation sessions ranged from 30
to 45 minutes in duration.

Pre-LOOP Survey
When asked about their current method for identifying outcomes
for their patients, the median time spent per week to follow-up
on patient outcomes was 1.5 (range 0.5-3.5) hours. Of the 12
EM providers, 9 (75%) that described their current method is
manually adding each patient to custom-made lists within the
EHR; 2 (17%) stated they make handwritten lists of their

patients, and 1 (8%) had no method for tracking patient
outcomes. Participant attitudes about their current method for
determining the outcomes for their patients indicated there was
room for improvement. When asked their level of agreement
to the statement “I am likely/willing to review my patients using
my current method,” 11 (92%) users either “strongly disagreed”
or “disagreed;” 8 (67%) users disagreed with the statement “I
trust the data I am able to find on my patients using my current
method.” Most users (9/12, 75%) “agreed” or “strongly agreed”
that the data gathered using their current method were
representative of the overall trends for all their patients. Figure
4 shows participant attitudes about the usefulness of access to
outcomes. Most users reported that being able to access all 3
outcomes was “very useful” at the individual patient level and
for all their patients.

Figure 4. Participant attitudes about usefulness of access to outcomes at individual patient level and across all their patients.

Task Analysis
The task analysis of the participants using LOOP to find all 3
outcomes for their patients from the last 30 days was completed
in a median of 1.09 (range 0.7-4.3) minutes. The median time
to complete all 3 special function tasks (eg, navigating to the
electronic record from LOOP, emailing patient information to
a colleague, navigating filter features of LOOP) was 6.9 (range
1.7-12.2) minutes. Examples of important observations during
this task analysis were (1) the user spent time interpreting a
graph instead of noticing the summarizing number somewhere
else on the screen and (2) data display errors.

Post-LOOP Survey and Interview
Post-LOOP survey completion time was a median of 1.8 (range
1.1-2.7) minutes. Participants’ knowledge of the number of
patients that experienced each outcome was different from
observed outcomes in LOOP (Figure S1 in Multimedia
Appendix 3). Participants underestimated the number of patients

who died in hospital but overestimated the number who required
an escalation of care outcome. Of note, 1 participant was
excluded owing to nonresponse on the initial survey (Figure S2
in Multimedia Appendix 4). The participants’ attitudes about
their estimates of each patient outcome over the past 30 days
improved after using LOOP (Figure S2 in Multimedia Appendix
4). Of note, 1 participant was removed from the analysis for
only the question “How easy is it for you to determine this
outcome for all your patients?” for all 3 outcomes owing to
nonresponse on the post-LOOP survey. For all 3 outcomes, the
users shifted from feeling the outcomes were “not easy” to
determine at the individual and cumulative patient levels to
feeling it was “very easy” after using LOOP. Additionally, they
changed from feeling “not confident” and “somewhat confident”
about their estimates to overall “very confident” after using
LOOP. Participant attitudes about LOOP were overall favorable
(Figure 5). On a scale from 0 (unlikely) to 10 (most likely), the
users were likely to recommend (score=9.5) LOOP to a
colleague. The semistructured interview to debrief with the
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users about their LOOP experience helped further inform our
understanding of their perceptions about LOOP. The users
identified several benefits about LOOP, such as access to data
on patients you would not have originally had the time or
foresight to follow up on later. One user described LOOP as
“much more systematic” than their current methods. Importantly,
trainees identified the opportunity to use LOOP as an
educational tool that facilitates discussion with their attendings
about prior cases with surprising outcomes. A user commented
that LOOP is a “fantastic learning tool to make you a better

clinician.” Regarding the issues identified, the constructive
feedback received was helpful and could be addressed. Many
concerns centered around harmonizing the visual layout with
the functionality on the main page as well as across the platform
(eg, connecting summary numbers with the corresponding
patient lists). Another issue was improving the defaults and
layouts of filtered lists; therefore, the interaction was more
intuitive. The ability to discuss with the users while having the
tool in front of them to demonstrate the concerns and possible
improvements was highly informative.

Figure 5. Participant attitudes about Linking Outcomes Of Patients. LOOP: Linking Outcomes Of Patients.

Discussion

Principal Results
Leveraging previously underutilized EHR data, LOOP was
designed and developed to enable systematic delivery of

personalized patient outcomes feedback to EM clinicians. The
platform allows EM clinicians to (1) quickly review post-ED
encounter outcomes at the individual patient level, (2) see
outcomes for all patients in their census, and (3) customize
views of data based on user preference. Our usability evaluation
showed the tool is easy to use and that information presented
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within LOOP is viewed as valuable and reliable by end users.
The usability evaluation also revealed that information delivered
within LOOP is not currently known by EM clinicians. Our
team’s creation of a tool that is both useful and usable was
enabled by a process centered on HCD principles and by a
commitment to incorporation of end users at every stage of
design and development. Although the version of LOOP
reported here includes a selected set of outcomes only
(in-hospital mortality, inpatient level of care escalations, and
return ED visits), the tool was designed with flexibility to allow
for ongoing rapid integration of additional outcomes based on
user feedback and clinical need.

Comparison With Prior Work
Absence of patient outcomes feedback in EM is
well-documented as is recognition of the importance of this
information and a desire to receive it among EM clinicians
[6,10,17,26]. Detailed information related to patient outcomes
is routinely collected and stored within the EHR data
infrastructure; opportunity exists to enable practice-based
learning and improvement through standardization and delivery
of this information to clinicians [19,20]. However, most efforts
to provide patient outcomes feedback in EM have relied on
analog and nonsystematic approaches such as manual creation
of patient follow-up lists or telephone calls to patients by
clinicians [18,27-29]. These approaches are labor-intensive and
time-consuming. They also have the potential to promote
cognitive bias. When tasked with selecting patients for follow-up
themselves, clinicians often focus on cases they already
perceived as challenging or at the highest risk for adverse
outcome [30,31]. The automated and comprehensive method
of data delivery used by LOOP ensures that clinicians receive
robust unbiased outcome data, including information that is
unexpected and not discoverable using previously described
methods. Exposure of these outcomes is important for both early
career and seasoned clinicians because unexpected events
uncover unconscious deficits and present opportunities to
improve competence and increase the quality and safety of care
delivered [18,32-34].

Prior efforts to harness EHR data for EM practice improvement
have focused on the development of dashboards to guide ED
operations management or to enhance real-time display of
patient data during the ED encounter [35-37]. To our knowledge,
LOOP is the first tool that translates EHR data into post-ED
encounter patient outcomes feedback for individual EM
clinicians. The systematic delivery of these data by LOOP
facilitates deliberate practice in EM, a process whereby expertise
can be developed through repeated action and skills
improvement, driven by continual feedback and reassessment
[7,38,39]. Such practice-based learning is critical to the personal
and professional development of clinicians and is mandated by
both the ACGME and ABMS [2,3]. The generation and
automation of personalized EHR data flows to fill outcome
knowledge gaps is a significant step forward for experiential
learning in EM. It also represents a step toward more meaningful
use of the EHR and development of a learning health care
system, which are both the major goals for our nation’s health
care system [40].

Pragmatic Usability Evaluation
While the potential value of information delivered by LOOP is
clear, its real-world utility is dependent on end-user acceptance
and long-term adoption. User interface and information display
greatly impact whether a tool is adopted by the user [41].
Activities associated with our HCD studio revealed high
variation among potential users of LOOP (EM clinicians) with
respect to clinical experience, experience and comfort with
technology, current practice-based learning behaviors, and
desired patient outcomes feedback—all of which were
considered during our HCD process. We used a robust and
pragmatic approach to assessment that allowed for evaluation
of LOOP in a near real-world setting. Our assessment, grounded
by the knowledge, skills, and attitudes framework [42], included
direct observation and task analysis as users interacted with the
tool to find information about real patient encounters, surveys
that included standard usability questions and assessed
knowledge and attitudes that allowed for comparison with
current practices, and semistructured interviews that further
explored these topics. We also performed this assessment among
a diverse and representative group of end users. Our findings
were almost exclusively positive.

Human-Centered Design (HCD)
Our commitment to the use of HCD methods at every stage of
this project was critical to its success. The incorporation of user
input into the development of information technology platforms
is now considered essential in health care [43]. Previously
reported clinician user involvement in similar projects is
variable, with some groups limiting their involvement to
ideation, implementation, or testing phases only [36,37,44]. To
our knowledge, the HCD methodology used here is among the
most intentional and extensive of those reported to date. This
approach was enabled by our multidisciplinary team structure.
Longitudinal collaboration between clinician-scientists,
engineers, and designers allowed for interpretation of end user
contributions through multiple lenses and ensured that the final
product of our work was a well-rounded representation of
user-generated specifications. We believe this increased end
user trust in the final product and will translate to higher rates
of adoption in clinical practice. The results of our usability
evaluation suggest this is true.

Limitations
This study has several limitations. First, the study was performed
within a single health care system, which may limit its
generalizability. However, our incorporation of end user EM
clinicians throughout design, development, and evaluation
activities from varied practice settings (urban academic and
suburban community) and levels of training (attending EM
physicians, resident physicians, advanced practice providers)
minimizes this limitation. In addition, our HCD focus and
technical approach to EHR data normalization and presentation
are both reproducible and generalizable. Feedback platforms
that integrate the needs and wants of clinical staff could be
generated by other groups using a similar methodological
approach. Second, our usability evaluation was performed in a
relatively small sample of EM clinicians. This limitation was
minimized through inclusion of a diverse and representative

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e30130 | p.597https://humanfactors.jmir.org/2022/1/e30130
(page number not for citation purposes)

Strauss et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


user group and by inclusion of various qualitative assessment
techniques, which included surveys, direct observations, and
semistructured interviews. Our sample size was consistent with
those previously reported by others and sufficient to reach
thematic saturation using these methods [45,46]. Finally, this
study did not evaluate long-term adoption rates or the
effectiveness of LOOP for clinical practice improvement. These
are both important ongoing research objectives of our team.
LOOP is currently in use across multiple EDs, and data
collection to facilitate study of these questions is underway.

Conclusions
This study demonstrates the potential of HCD in EM and the
power of EHR data to augment practice-based learning in
episodic care environments. We have outlined a framework for
working alongside end-user EM clinicians to develop and test
a tool that augments their clinical experience and exposes
previously unavailable information to create a closed-loop
feedback-driven learning platform. Future objectives include
incorporation of additional patient outcomes into LOOP,
measurement of long-term adoption rates, and impacts of patient
outcomes feedback provided by LOOP on clinical practice.
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Multimedia Appendix 1
Survey deployed as part of the human-centered design studio. The survey helped provide more specific data around what outcomes
physicians wanted after the encounter for admitted and discharged patients.
[PDF File (Adobe PDF File), 68 KB - humanfactors_v9i1e30130_app1.pdf ]

Multimedia Appendix 2
Usability evaluation surveys collecting demographic information, assessing current practice, and capturing pre– and post–Linking
Outcomes Of Patients perceptions about their patient outcomes. The post–Linking Outcomes Of Patients survey also specifically
addressed their experience with Linking Outcomes Of Patients.
[DOCX File , 32 KB - humanfactors_v9i1e30130_app2.docx ]

Multimedia Appendix 3
Participant knowledge about patient outcomes such as (A) in-hospital mortality, (B) escalation of level of care, and (C) return to
the emergency department. There were 12 participants, but one is not applicable owing to no response.
[PNG File , 68 KB - humanfactors_v9i1e30130_app3.png ]

Multimedia Appendix 4
Participant attitudes about their estimates of pre–Linking Outcomes Of Patients and post–Linking Outcomes Of Patients for
patients with each outcome. Three questions were asked for each outcome in the presurvey and postsurvey: 1. How easy is it for
you to determine for all your patients? 2. How easy is it for you to determine for an individual patient? 3. How confident are you?
[PNG File , 22 KB - humanfactors_v9i1e30130_app4.png ]
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Abstract

Background: Farming is physically and psychologically hazardous. Farmers face many barriers to help seeking from traditional
physical and mental health services; however, improved internet access now provides promising avenues for offering support.

Objective: This study aims to co-design with farmers the content and functionality of a website that helps them adopt transferable
coping strategies and test its acceptability in the broader farming population.

Methods: Research evidence and expert opinions were synthesized to inform key design principles. A total of 18 farmers
detailed what they would like from this type of website. Intervention logic and relevant evidence-based strategies were mapped.
Website content was drafted and reviewed by 2 independent mental health professionals. A total of 9 farmers provided detailed
qualitative feedback on the face validity of the draft content. Subsequently, 9 farmers provided feedback on the website prototype.
Following amendments and internal prototype testing and optimization, prototype usability (ie, completion rate) was examined
with 157 registered website users who were (105/157, 66.9%) female, aged 21-73 years; 95.5% (149/156) residing in inner
regional to very remote Australia, and 68.2% (107/157) “sheep, cattle and/or grain farmers.” Acceptability was examined with
a subset of 114 users who rated at least module 1. Interviews with 108 farmers who did not complete all 5 modules helped
determine why, and detailed interviews were conducted with 18 purposively sampled users. Updates were then made according
to adaptive trial design methodology.

Results: This systematic co-design process resulted in a web-based resource based on acceptance and commitment therapy and
designed to overcome barriers to engagement with traditional mental health and well-being strategies—ifarmwell. It was considered
an accessible and confidential source of practical and relevant farmer-focused self-help strategies. These strategies were delivered
via 5 interactive modules that include written, drawn, and audio- and video-based psychoeducation and exercises, as well as
farming-related jokes, metaphors, examples, and imagery. Module 1 included distress screening and information on how to speak
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to general practitioners about mental health–related concerns (including a personalized conversation script). Modules were
completed fortnightly. SMS text messages offered personalized support and reminders. Qualitative interviews and star ratings
demonstrated high module acceptability (average 4.06/5 rating) and suggested that additional reminders, higher quality audio
recordings, and shorter modules would be useful. Approximately 37.1% (52/140) of users who started module 1 completed all
modules, with too busy or not got to it yet being the main reason for non-completion, and previous module acceptability not
predicting subsequent module completion.

Conclusions: Sequential integration of research evidence, expert knowledge, and farmers’ preferences in the co-design process
allowed for the development of a self-help intervention that focused on important intervention targets and was acceptable to this
difficult-to-engage group.

Trial Registration: Australian New Zealand Clinical Trials Registry ACTRN12617000506392;
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=372526

(JMIR Hum Factors 2022;9(1):e27631)   doi:10.2196/27631

KEYWORDS

farm; agriculture; rural; drought; mental health; stress; coping; online intervention; acceptance and commitment therapy

Introduction

Background
Farming is an occupation that involves numerous physical and
psychological hazards. In recent years, Australian farmers have
faced increased exposure to natural disasters, particularly
prolonged droughts, fires and floods [1]. Farmers often both
live and work on their farms, with family members across
multiple generations being involved, consequently blurring the
line between work, home, and family roles, which adds to their
stress [2-5]. Financial pressure, loss of control, and uncertainty
about the future are also associated with environmental stressors
and are thought to significantly increase the risk of farmers
experiencing mental health problems [3,6,7]. The inability to
control these stressors and the sense of hopelessness and
entrapment they can engender are thought to be potential risk
factors for rural male suicide [8]. Indeed, studies have found a
significantly higher incidence of suicide among rural and remote
populations compared with metropolitan populations [9,10] and
between agricultural workers compared with other employed
rural people [11,12].

At the same time, farmers are known to face numerous barriers
to help seeking from traditional physical and mental health
services. These barriers are structural, such as the limited
availability of medical and psychological professionals [13],
and attitudinal [14,15]. For generations, Australian farmers have
been characterized as being independent, stoic, and skilled at
solving practical problems [2,16]. However, in the context of
help seeking for the management of psychological distress,
traits such as stoicism, independence, and a strong desire to
keep personal matters private, may in fact be maladaptive [17].
Recent Australian research has found that farmers were half as
likely to have sought help from a general practitioner (GP) or
mental health professional in the previous 6 months compared
with other employed rural people [13].

Fortunately, the National Broadband Network has now been
rolled out in Australia, increasing rural access to internet sites
and services [18]. A recent survey of 2000 businesses within
the Australian agricultural sector found that up to 95% now
have access to the internet [19], and the use of the internet to

access health services is known to be increasing in the rural
population [20,21].

The delivery of evidence-based interventions on the web offers
opportunities to overcome some traditional barriers to help
seeking faced by these populations. There is emerging evidence
that computerized cognitive behaviour therapy (CCBT)
interventions are acceptable in rural communities [22], and an
unpublished example of a CCBT intervention designed to
address anxiety, depression, and social functioning in Scottish
farmers is Living Life to the Full (although it reported limited
success) [23]. Given farmers’numerous barriers to help seeking
and the strong perception within the industry that outsiders
(including health professionals [24]) fail to understand their
needs and way of life, the development of such interventions
needs to be done carefully. Consumer involvement in
intervention design ensures that interventions are relevant,
usable, and culturally appropriate for the target audience [25,26],
which in turn can improve intervention success [27].

Objective
The purpose of this paper is to describe the co-design of content
and functionality of a website that aims to help farmers adopt
transferable coping strategies that are likely to help them
effectively cope with stress. The second purpose of this research
is to test the acceptability and feasibility of this website in a
broader Australian farming population. The development of
this website involved the sequential integration of research
evidence, expert knowledge, and farmers’ preferences.
Methodological guidance and examples such as the studies by
O’Brien et al [28] and Short et al [29] and the work outlined in
this paper, provide a transparent account of intervention
co-design and development upon which other clinicians and
researchers can build.

Methods

Overview
Ethics approval for this project was granted by the University
of South Australia human research ethics committee (application
ID 0000035637). A 9-stage co-design process that included the
sequential validation and optimization of evidence and expert
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opinion with farmers’ wants and preferences was used in a
process similar to that described by Easton et al [30]. Each stage
resulted in outputs (described in the Results section) that were

used to inform the next stage of development. Figure 1
summarizes these stages.

Figure 1. Development process for ifarmwell website.

In total, four key methodological approaches informed these
stages: (1) synthesis of evidence from prior research to
understand the problem and possible solutions (stages 1 and 2);
(2) intervention mapping techniques to chart the logic of the
intervention (including key acceptance and commitment therapy
[ACT] processes or performance objectives, determinants of
change, relevant behavior change strategies, and persuasive
system design elements; stage 3) [31-33]; (3) a person-based
approach via the involvement of farmers as co-designers [34,35]
(stages 2, 5, and 7); and (4) iterative updating based on user
feedback that allows for ongoing improvements to be made to
the website (stages 8 and 9), which is informed by adaptive trial
design methodology [36].

All farmers who participated in the research were adults who
owned or played an active role in the operation of a farming or
pastoral enterprise in Australia (or the spouse of someone who
did), were fluent in English, had access to the internet, and had
access to a mobile phone with reliable connection or reception
at least once per week. The following 9-stage iterative process
was conducted over a 3-year period.

Stage 1: Evidence Synthesis to Inform Key Design
Principles
Key learnings from published works [6,14,37-40], our own
unpublished work, and views from relevant experts across the
agricultural, financial, and mental health fields were summarized
by the research team. The research team was well-placed to
prioritize learnings, given their extensive knowledge of
agriculture (KMG, SB, JD, and AB), behavior change
interventions (DT, CES, and KMG), web-based interventions

(KG, CES, and SB), and rural health (KG, SB, JD, AB, and
NH) and mental health (KMG and DT).

Stage 2: Finding Out What Australian Farmers Want
From a Web-Based Well-being Resource—A
Qualitative Study

Participants
A total of 11 male (11/18, 61%) and 7 female farmers (7/18,
39%), who met the above criteria, participated in the interviews.
They had a median age of 45.5 years and were all from grain,
sheep, and/or cattle farms across 4 Australian states.

Procedures
As described in detail elsewhere [41], participants were recruited
via articles in print, radio and web-based media, advertising via
relevant rural organizations, and personal and professional
contacts of the research team. Telephone interviews were used
to explore the farmers’ current internet use practices and
preferences for websites designed to promote their mental health
and well-being. Thematic analysis was used to analyze the
verbatim interview transcripts [42]. Data were arranged under
each theme in a Microsoft Excel spreadsheet using a framework
approach. The data were checked for any evidence of themes
that contradicted the key design principles identified in stage
1.

Stage 3: Translating Design Principles and Farmers’
Preferences Into the Intervention Logic and Draft
Website Content
The logic of the intervention was systematically developed by
KG to ensure that important intervention targets (identified in
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stage 1 and explained further in the Results section) were
addressed and that the effectiveness of the targets could be
systematically assessed later. This included mapping the module
content to the core ACT processes (acceptance, cognitive
defusion, being present, self as context, values, and committed
action [43]). It also included ensuring that relevant behavior
change techniques [31] (outlined in the Results section) were
included throughout to help address each of the behavioral
determinants (ie, knowledge, skills, emotion, action planning,
beliefs about capabilities, beliefs about consequences,
motivation and goals, and memory, attention, or
decision-making processes) thought to influence whether a user
would successfully adopt the core ACT processes. The selection
of these behavior change techniques was based on what has
been previously shown to effectively address relevant behavioral
determinants [31]. Although some overlap with behavior change
techniques and persuasive system design elements is
acknowledged, persuasive system design elements (as defined
by Kelders et al [33] and outlined in the Results section) were
also built into the intervention logic to help maximize user
engagement and limit dropout.

The text, video, and audio content contained within each website
module were then drafted by KG by integrating the key design
principles from stage 1, farmers’ preferences established in
stage 2, and the intervention logic identified in stage 3. Her
first-hand experience of using ACT in her role as a clinical
psychologist, living on a farm in a farming family, developing
self-help mental health materials for rural populations, and
formal training in intervention mapping, assisted with this
process. The general principles of adult learning [44] were also
considered.

Stage 4: Checking the Clinical Accuracy and Safety of
Website Content With Independent Mental Health
Professionals

Participants
A male social worker with a long history of supporting
drought-affected farmers and knowledge of and experience
using ACT clinically and a female clinical psychologist highly
experienced with clinical and forensic mental health populations
and in the use of ACT, participated in this stage of testing.

Procedures
Independent feedback on the clinical accuracy, safety, and
relevance of website content was provided on all website content
using tracked changes in a Microsoft Word processing
document. Suggestions were then incorporated where feasible
(ie, would not make the modules too long) to enhance clinical
impact.

Stage 5: Testing the Face Validity of the Draft Website
With Australian Farmers—Website Content Review

Participants
A total of 9 farmers (4/9, 44% men and 5/9, 56% women), who
met the criteria outlined above and had participated in stage 2,
took part in this stage of the research (herein referred to as
co-designers). They ranged in age from 34 to 62 years and were

from grain, sheep or cattle properties in the states of South
Australia (7/9, 78%) and Western Australia (2/9, 22%).

Procedures
A copy of the draft website content was sent to the co-designers
via post or email. Participants were also asked to comment
specifically on several logo and design options (colors, fonts,
background images, and layouts) provided as PDF files.
Interviews were then conducted over the phone (or, in one case,
in person) to gather feedback, with a focus on language,
relevance, and face validity.

Analysis
Where possible, key recommendations for improvement were
compiled, and edits were made to the working draft document
following the completion of each interview.

Stage 6: Intervention Build and Internal Testing
The purpose of this stage was to produce a working intervention
prototype. The research team supplied the website content and
design documents developed in earlier steps to a web developer
and then worked in close collaboration with them to ensure that
lessons from previous stages were integrated into the website
and technical glitches were addressed. The prototype was made
public in February 2018.

Stage 7: Retesting the Face Validity of the Draft
Website With Australian Farmers—Website Prototype
Review and Advice on Launch

Participants
A total of 4 farmers (co-designers; 1/4, 25% male and 3/4, 75%
female) provided detailed feedback on the website prototype.
They were aged 24, 40, 61, and 62 years and were from grain,
sheep, and/or cattle properties in South Australia (2/4, 50%),
Western Australia (1/4, 25%), and New South Wales (1/4, 25%).
A further 5 farmer co-designers (all men) provided feedback
specifically on the website launch. They were aged 34, 44, 47,
53, and 55 years and were from sheep or cattle properties (1/5,
20%) or grain, sheep and/or cattle properties (4/5, 80%) in South
Australia.

Procedures
Co-designers were sent a link to the website prototype along
with broad instructions to work through the website and provide
email or phone comments on any aspects they thought required
changing.

Analysis
Key recommendations from participant comments were
compiled and implemented where possible.

Stage 8a: Usability and Acceptability Testing of the
Prototype (Quantitative Data)
The trial was registered with the Australian New Zealand
Clinical Trials Registry (ACTRN12617000506392) on April
3, 2017.
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Participants
Usability testing of the prototype was conducted by 157 farmers
who registered during the study period and met the criteria

outlined above. Acceptability testing was undertaken with a
subset of 114 users who provided a rating out of 5 for at least
module 1. Their demographic characteristics are shown in Table
1.

Table 1. Demographics for all eligible registered users and those users who provided acceptability ratings for at least one module (stage 8a).

Users who provided acceptability ratings (N=114)All registered users (N=157)Characteristics

Age (years)

45.46 (12.65)45.55 (12.17)Values, mean (SD)

46 (21-73)46 (21-73)Values, median (range)

Gender, n (%)

79 (69.3)105 (66.9)Female

35 (30.7)52 (33.1)Male

Remoteness of residence, n (%)a

6 (5.3)7 (4.5)Major cities of Australia

46 (40.7)66 (42.3)Inner regional Australia

43 (38.1)59 (37.8)Outer regional Australia

13 (11.5)16 (10.3)Remote Australia

5 (4.4)8 (5.1)Very remote Australia

Farm type, n (%)

15 (13.2)19 (12.1)Dairy

43 (37.7)63 (40.1)Grain, sheep and/or cattle

9 (7.9)14 (8.9)Horticulture, market garden, or fruit

2 (1.8)3 (1.9)Poultry

37 (32.5)44 (28)Sheep and/or cattle

1 (0.9)1 (0.6)Viticulture

7 (6.1)13 (8.3)Other

Education level (highest qualification), n (%)

13 (11.4)17 (10.8)Postgraduate degree

49 (43)70 (44.6)University degree or diploma

34 (29.8)43 (27.4)Trade certificate

17 (14.9)25 (15.9)Finished high school

1 (0.9)2 (1.3)Finished primary school

16.07 (10.23)16.42 (10.47)bHours per week spent using the internet, mean (SD)

an=156 and n=113 because of missing data.
bn=155 because of missing data.

Procedures
Consent for participation was established when users registered
with the website. Data were collected from all users who
registered between February and October 2018 inclusive.

Analysis
Analyses were conducted using SPSS Statistics for Windows
(version 26; IBM Corp) [45]. Usability and acceptability were
captured in several ways.

Star Ratings (Out of 5) by Each User at the Completion of
a Module

At the end of each module, users were asked to rate that module
on a scale ranging from 1 to 5 stars, where 1=unhelpful,
2=neutral, 3=satisfactory, 4=helpful, and 5=very helpful. The
star rating out of 5 was used as it allowed for the multifaceted
nature of acceptability to be captured [46] and because of the
familiarity and briefness of this approach [47]. Acceptability
ratings were examined for modules completed between February
and October 2018. Ratings of acceptability for each module
were estimated through a linear mixed model with maximum
likelihood estimation, and the module number was entered as
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a fixed effect with 5 levels and a random intercept per
participant. Baseline age, gender, education, farm type,
remoteness, hours of internet use, psychological distress, and
stress were also entered as fixed factors. The average
acceptability rating for each user was calculated from the star
ratings of all modules that a user completed.

Module Completion Rate

Data on module completion were captured beyond the February
to October 2018 time frame (up to February 2020) to capture
participants’ full record of participation (even if this was
post-October 2018).

Association of Module Completion and Acceptability With
Participant Demographics, Recent Exposure to Stressors
and Distress Levels

During the registration process, demographics (gender, age,
education level, and farm type), distress (Kessler Psychological
Distress Scale [48]), and a single-item measure of exposure to
stressors were completed. For the latter, users were asked to
think of the most stressful situation they had encountered during
the past month and rate how stressful they found this situation
on a scale of 1 to 10 [40]. Residential postcodes were used to
calculate remoteness using the Accessibility and Remoteness
Index of Australia from the Australian Bureau of Statistics [49].
Owing to small numbers, the categories finished high school
and finished primary school were combined for analysis.
Similarly, poultry farming and viticulture were grouped with
other farm type.

The association between demographics, stress exposure, distress,
and module acceptability was examined using the mixed model
described above. A series of univariable and multivariable linear
regressions examined the relationship between the number of
modules completed and demographic or distress and stress
variables. Finally, Pearson correlations were used to examine
the association between module completion and an individual’s
average acceptability rating and the rating of the last module
they completed.

Stage 8b: Usability and Acceptability Testing of the
Prototype (Qualitative Data)

Participants and Procedures

Brief Phone Calls With Users Who Did Not Complete All 5
Modules (to Find Out Why)

A total of 108 website users who had not continued with the
next module within 5 weeks of completing the previous module
were followed up with 2 phone calls, 1 email, and 1 additional
attempt via email or phone approximately 1 month after that.
Successful follow-ups were used to determine the reasons for
not continuing with the modules so that we could find ways to
enhance the website and aid engagement. Verbatim notes were
taken during the phone calls along with email responses, which
were manually analyzed by AB and KG using conventional
content analysis [50] and a Microsoft Excel spreadsheet.

Categories were derived from the data and reworked until all
the data could be accounted for. Discrepancies between the
coders were rare but were worked through until full agreement
was reached.

Detailed Phone Interviews With Purposively Sampled Group
of Users

A total of 18 farmers (7/18, 39% men and 11/18, 61% women)
who had used the website were purposively selected from
website users to gain a variety of impressions (based upon state,
farm type, average module acceptability score, gender, and age)
and invited via email to take part in a telephone interview to
share their experiences. Farmers ranged in age from 23 to 71
years and were from dairy (1/18, 6%), horticulture (2/18, 11%),
viticulture (1/18, 6%), sheep and/or cattle properties (7/18,
39%), and grain, sheep and/or cattle properties (6/18, 33%) in
Victoria (6/18, 33%), New South Wales (4/18, 22%), South
Australia (2/18, 11%), Tasmania (2/18, 11%), Western Australia
(2/18, 11%), and Queensland (1/18, 6%). Interviews were audio
recorded, transcribed verbatim, and analyzed by AB and KG
using thematic analysis [42], with data arranged in a Microsoft
Excel spreadsheet using a framework approach, and any
discrepancies in coding discussed and reworked until full
agreement was reached.

Stage 9: Iterative Design Changes
Following the acceptability assessment of the prototype outlined
above, the website was adapted to improve user experience.
This aligns with the adaptive trial design methodology [36] and
the person-based approach to intervention design of Yardley
[34] by continuing to incorporate user feedback after live testing
of the intervention.

Results

Stage 1: Evidence Synthesis to Inform Key Design
Principles
A summary of our evidence synthesis and the key overarching
design principles identified from this are shown in Table 2. In
brief, farmers face many barriers to accessing traditional
face-to-face mental health services, including a lack of service
availability, cost, time, and concerns about confidentiality. They
also perceive that outsiders (including health professionals)
often do not understand the issues they face. The types of
challenges that cause farmers the most stress are those that are
beyond their control, and these are the things they feel least
equipped to cope effectively with. However, acceptance has
been shown to be an adaptive coping strategy for farmers in this
context [40]. Together, these factors suggest that a new
web-based mental health and well-being resource could help
overcome existing barriers to engagement by being an
accessible, confidential source of farmer-focused, practical
self-help strategies based on ACT [51] if co-designed with
farmers.

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e27631 | p.607https://humanfactors.jmir.org/2022/1/e27631
(page number not for citation purposes)

Gunn et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Design principles resulting from the evidence synthesis.

Resulting design principleEvidence synthesis

Web-based resources may help to address bar-
riers to the access and availability of services.

Barriers to accessing face-to-face mental health and well-being services in rural areas include cost,
time, stigma, a lack of anonymity in country towns, a general lack of understanding of mental health
issues, and the lack of availability of services [5,16,52-58].

Self-help resources align with farmers’ desire
for control, self-reliance, and anonymity.

Barriers to help seeking for mental health issues among farmers include the desire for control, self-
reliance, tendency to minimize the problem, and resignation [14,37]. Farmers prefer anonymous self-
help books or internet resources [59].

Having a clear farming focus and co-designing
alongside farmers is needed to ensure relevance
and acceptability.

Farmers are often isolated and perceive a lack of understanding of rural issues from outsiders [6,38].
Many farmers report difficulty understanding health care professionals [14] and that health care pro-
fessionals do not understand them and their way of life [6,53]. However, there is a high level of
community trust within rural Australia [39], suggesting that a resource designed by farmers and for
farmers may be considered credible.

Uncertainty about the future is a key stressor
that farmers need help with managing.

Managing uncertainty is a key challenge resulting from drought and a stressor that many farmers do
not feel equipped to manage [6]. They are generally already good at solving problems, so they are
less likely to benefit from assistance with that.

An interactive, engaging resource is needed.Information provision and educational resources alone are not enough to change key behaviors and
thought processes [60]. Evidence-based behavior change techniques (eg, modeling, self-monitoring,
and goal setting) should be built into web-based interventions to maximize the effect [33,61].

Acceptance is an effective coping strategy for
farmers in this context.

Farmers who adopt acceptance as a coping strategy and do not engage in behavioral disengagement
(giving up) are less likely to experience distress when faced with significant stressors during drought
[40].

ACT may be an appropriate therapeutic model
for this context.

ACTa is a transdiagnostic, evidence-based psychotherapeutic approach that can foster acceptance
and committed action (opposite of giving up) and improve well-being in a nonpathologizing way
[62]. ACT may be used to address a range of psychological disorders and promote general well-being
in nonclinical samples [62-64], including via web-based interventions [64,65]. It is particularly suited
to contexts where the stressor must be accepted or cannot be fixed [66].

Issues relating to web-based intervention adher-
ence need to be addressed.

Strategies to improve intervention adherence and effectiveness must also be included (eg, tunneling,
personalization, and reminders) [33,67-69].

aACT: acceptance and commitment therapy.

Stage 2: Finding Out What Australian Farmers Want
From Web-Based Well-being Resources—a Qualitative
Study
As reported elsewhere [41], farmers said that they would like
a web-based resource that is easy to navigate and compatible
with multiple devices and internet connections, as well as their
sporadic internet use around work schedules. They preferred a
casual and friendly tone, minimal use of jargon, and the
inclusion of humor, and they requested information on when
and how to seek additional professional help. They also said
that they wanted a resource that was authentic, that reflected
their challenges and way of life, and that they could see the
benefits from quickly. There was no evidence of themes that
contradicted the key design principles identified in stage 1.

Stage 3: Translating Design Principles and Farmers’
Preferences Into the Intervention Logic and Draft
Website Content

Overview
The resulting ifarmwell web-based intervention is a free,
farmer-focused, password-protected self-help resource that
contains 5 modules. Textbox 1 outlines the purpose of each
module as explained to users, and Table 3 details the
intervention logic and design, including the key content, targeted
ACT processes, behavior change techniques, and persuasive
system design elements contained within each module. The
content is written for a low reading age (Gunning Fog score=5.8,
easily understood by individuals aged 13-14 years) using
friendly language with appropriate humor and farming-related
metaphors and examples and fits with farmers’ ethos of
independence and determination to help themselves. The
intervention is nonpathologizing and focuses on improving
well-being and preventing poor mental health rather than
treating poor mental health or mental illness. The word mental
health is avoided where possible on the website based on
farmers’ advice about how best to engage their peers.
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Textbox 1. ifarmwell module aims (as presented to users).

Module 1: Taking stock of your current well-being and some practical strategies to get you started

• Confidentially discover how your current well-being compares with the well-being of other Australians

• Learn about additional support services that may be useful for you in addition to this web-based resource

• Provide some practical strategies tailored to specific challenges you may face

Module 2: Thoughts are like bullies—how to spend less time in your head

• Understand the power thoughts have over the way you feel

• Become more aware of the thoughts or stories your mind plays to you

• Learn how to look at your thoughts rather than from them

• Practice evaluating whether a particular thought is helpful to tune in to or not

• Start to learn how to let go of unhelpful thoughts and focus on things that make life better

Module 3: Doing what really matters—how to get the most out of life

• Work out what is important to you

• Identify areas of life in which it would be useful to put more energy

• Recognize areas of your life in which it might be useful to put less energy

Module 4: Training your attention muscle and focusing on the here and now—a more pleasant, less exhausting place to be

• Become more aware of where your attention is and how this affects how you feel and behave

• Practice shifting attention to the here and now

Module 5: Putting it all together and moving forward

• Revisit strategies

• Plan out how to build these new strategies into day-to-day life

• Think about situations where familiar thoughts or stories may be triggered

• Plan how to respond to new challenges
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Table 3. ifarmwell intervention logic and design.

Content detailsPersuasive system design ele-

ments (to aid engagement)c
Behavior change techniques (target-
ing key behavioral determinants of

adoption of ACT processes)b

ACTa processes

Module 1: taking stock of your current well-being and some practical strategies to get you started

No ACT processes targeted • Feedback from K10d (current levels of• Reduction• Self-monitoring
• Tunneling• Persuasive communication

distress) and COPEe (current coping
• Tailoring• Information regarding out-

comes strategies)
• Personalization

• Personalized script for discussion with

GPf (if medium or high level of distress
• Personalized messages • Self-monitoring
• Modeling or demonstration • Praise

identified)• Goal setting or homework • Reminders
• Video demonstration of farmer speaking

to GP about mental health using a script
• Suggestion
• Similarity

• Psychoeducation tip sheets for 3 user-
identified challenges

• Liking
• Social learning

• Basic self-care and helpful coping
strategies (default)

• Normative influence

• Improving the quality of your sleep
• Managing conflict with others
• Improving the quality of your relation-

ship
• How to get your point across
• Managing anger
• Coping with grief and loss
• Alcohol and drug use
• Dealing with domestic violence
• Adapting to new roles
• What to do if you are feeling down or

low
• Coping after a natural disaster
• Succession planning
• Feeling trapped in an unhappy relation-

ship
• What to expect in upcoming modules

(intro to ACT)
• Homework planning or goal setting to

implement tip sheet strategies

Module 2: thoughts are like bullies—how to spend less time in your head

• Homework review or problem-solving
obstacles

• Reduction• Personalized messages• Acceptance
• Tunneling• Information regarding out-

comes
• Cognitive defusion

• Feedback from Automatic Thoughts
Questionnaire (identification of key

•• TailoringBeing present
• Self-monitoring• Self as context (being

aware of your experi-
• Personalization

challenging stories)• Rewards or positive feedback
(encouragement or reinforce-

• Self-monitoring
• Exploration of existing strategies tried

to manage challenging stories. Worked?
ences without being at-
tached to them)

• Praise
ment) • Reminders

• Pink sheep or elephants exercise; cre-
ative hopelessness

• Problem-solving • Suggestion
• Persuasive communication • Similarity

• Video: piece-of-paper metaphor
demonstration

• Prompts, triggers, and cues • Liking
• Rehearsal of relevant skills • Social learning

• Audio: notice thoughts while breathing
(tool 1)

• Graded tasks • Rehearsal
• Goal setting or homework

• Examining whether particular thoughts
are helpful to focus on or not (drag and
drop task with feedback; tool 2)

• Drafting thoughts in to just do it, plan a
time, and let it go pens

• “I’m having the thought that...” exercise
(tool 3)

• Giving stories a name exercise (tool 4)
• Identifying thinking errors (tool 5)
• Additional strategies to help you think

differently about your thoughts (extra
metaphors; tool 6)

• Homework planning or goal setting to
implement strategies
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Content detailsPersuasive system design ele-

ments (to aid engagement)c
Behavior change techniques (target-
ing key behavioral determinants of

adoption of ACT processes)b

ACTa processes

Module 3: Doing what really matters—how to get the most out of life

• Homework review or problem-solving
obstacles

• Consideration of current influences on
behavior

• Valuing questionnaire and tailored
feedback (removed, stage 9)

• Values clarification (drag and drop task)
• Reflection on current and future deci-

sion-making and interactions with others
and considering values (tool 7)

• Planning to live more consistently with
top 10 values in next week and next 6
months (acknowledge what already do-
ing, schedule time, and plan to overcome
obstacles; tool 8)

• Homework planning or goal setting to
implement strategies

• Reduction
• Tunneling
• Tailoring
• Personalization
• Self-monitoring
• Praise
• Reminders
• Suggestion
• Similarity
• Liking

As detailed in module 2 above• Values
• Committed action

Module 4: training your attention muscle and focusing on the here and now—a more pleasant, less exhausting place to be

• Homework review or problem-solving
obstacles

• Identifying existing activities fully
present

• Audio: here and now exercise (tool 9)
• The basic (mindfulness) formula (tool

10)
• Audio: 5 slow, deep breaths grounding

technique (tool 11)
• Audio: notice 3 things grounding tech-

nique (tool 12)
• Paying attention to 1 thing at a time

when doing everyday activities (tool 13)
• Audio: letting go of difficult emotions

(tool 14)
• Homework planning or goal setting to

implement strategies

• Reduction
• Tunneling
• Tailoring
• Personalization
• Self-monitoring
• Praise
• Reminders
• Suggestion
• Similarity
• Liking
• Rehearsal

As detailed in module 2 above, plus
stress management, relaxation, or
mindfulness

• Being present
• Acceptance
• Cognitive defusion
• Self as context
• Values
• Committed action

Module 5: putting it all together and moving forward

• Homework review or problem-solving
obstacles

• Audio: leaves on a stream metaphor
(tool 15)

• Video: normalizes difficulty in master-
ing these strategies and encourages per-
sistence

• Summary of strategies (tool 16)
• Audio: cows on a truck metaphor (tool

17)
• Relapse prevention (warning signs): how

to get yourself back on track and who
you could turn to for extra help

• Reduction
• Tunneling
• Tailoring
• Personalization
• Self-monitoring
• Praise
• Reminders
• Suggestion
• Similarity
• Liking
• Social learning
• Rehearsal

As detailed in module 4 above• Acceptance
• Cognitive defusion
• Being present
• Self as context
• Values
• Committed action

aACT: acceptance and commitment therapy.
bAs defined by Michie et al [31].
cAs defined by Kelders et al [33].
dK10: Kessler Psychological Distress Scale.
eThe COPE inventory [70].
fGP: general practitioner.
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The intervention was completed over 10 weeks, with each
module taking approximately 30 minutes. Users could access
the intervention at any time and on any device with an internet
connection (eg, laptop, desktop, tablet, and mobile phone). As
shown in Figure 2, each module must be completed for the next
module to be unlocked. This provided users with time to
implement the strategies they learned from the previous module
before moving to the next. This design was based on the

literature showing that tunneled web-based interventions are
less likely to overwhelm users and are better placed to
personalize the intervention, leading to greater behavior change
[67,68]. Figure 2 also indicates the frequency and type of SMS
text messaging reminders sent to users throughout the
intervention. Figure 2 shows the final design following changes
made after the acceptability testing of the prototype (described
in Stage 7).

Figure 2. Wireframe of the ifarmwell website.
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Personalization
Tailored content was delivered throughout the intervention
based on user responses and demographic variables. This
included personalized imagery reflective of participants’ farming
type, which has also been successfully used in farmer suicide
stigma research [69]. In module 1, users were asked to complete
the Kessler Psychological Distress Scale measure of distress
and were provided with feedback about their current levels of
distress, how these compared with others’ scores, and inform
them if their scores suggested that they should seek professional
face-to-face help. More specifically, based on their distress
score, users were advised whether they were experiencing what
was considered a low (10-19), mild (20-24), moderate (25-29),
or severe (30-50) level of distress [71] and subsequently,
whether it was recommended that they see their GP to discuss
their well-being. Users were given the option of printing off the
results of their web-based assessment and a script to guide a
conversation about their mental health with their GP. Users
were also presented with a short video showing someone else
having that conversation with their GP. Finally, any severely
distressed users (defined by cut-off) were contacted by a member
of the research team by phone or email to encourage them to
see a GP and remind them of helpline numbers.

At the end of each module, key tools were summarized, and
users could choose to save them to their Toolbox if they found
them useful. Modules 2 to 5 contained a homework review
component, which asked users about the things they chose to
focus on in the previous module and how much they had
practiced them since. This section also asked users to reflect on
whether anything got in the way or made doing this difficult
and what they could do in the next week to overcome these
difficulties.

At the end of the intervention, the Toolbox provided a summary
of the user’s existing coping strategies, the stories the user’s
mind often plays to them, their new preferred tools, and their
top values (to guide future decision-making).

Module Content
Module content was transdiagnostic and useful for people
experiencing a range of problems or conditions and for people
simply wanting to improve their well-being or get more out of
life. More specifically, module 1 was designed to take stock of
users’ current well-being, suggest other sources of help if
required, address basic self-care, and provide practical coping
strategies that are targeted at users’pressing, unique needs. This
was based on a brief suite of questions used to identify the top
3 areas of need for each user. They were then presented with
corresponding evidence-based tip sheets (eg, on sleep).

The remaining modules each focused on a particular ACT
process. Module 2 addressed the power of thoughts and
explained that avoidance or attempts to control difficult thoughts
and feelings could be counterproductive. The module asked
users to list the emotions and thoughts that they were struggling
with, name the stories that they tell themselves, classify them
as helpful to focus on, and identify errors in their thinking.
Module 3 helped users clarify their values and find ways to live
more consistently with them. Module 4 involved several

mindfulness-based exercises (not labeled mindfulness-based
upon farmers’ advice), designed to help users identify where
their attention was and how this influenced them and practice
shifting their attention to the here and now. Module 5
summarized the key strategies learned, examined possible
triggers and warning signs to be aware of in the future, and
reminded users of key sources of support.

Stage 4: Checking the Clinical Accuracy and Safety of
the Website Content With Independent Mental Health
Professionals
Mental health professionals provided guidance on the
appropriateness and safety of the content and suggested minor
changes. These included grammatical edits, alterations to
simplify the language (eg, being clear about your values
changed to knowing what matters to you), and adding a few
more detailed explanations and metaphors to explain key
concepts (eg, your mind as an ideas generator). Additional
reflective questions were also suggested, for example, “what
happened to the thought?” following an exercise to help let go
of distressing thoughts. It was also recommended that additional
text be added to help normalize the fact that one’s ability to
focus and shift attention may vary from day to day.

Stage 5: Testing the Face Validity of the Draft Website
With Australian Farmers—Website Content Review
Overall, participants felt that the module content was acceptable
and relevant to farmers. Changes made to the content included
repeating icons throughout the modules to guide the user, the
inclusion of a summary of content at the beginning of each
module, the inclusion of additional cartoons, and the removal
of some references to stress, which farmers felt their peers would
find off-putting (eg, under pressure rather than stressed).
Additional methods for tailoring the content to farmers were
also identified. For example, a co-designer suggested likening
sorting out thoughts into different categories, to drafting sheep
into different pens.

Stage 6: Intervention Build and Internal Testing
A web-based intervention prototype that could be tested by
users was created, and wireframes to summarize the website’s
structure were developed, as detailed in Figure 2. Internal testing
by members of the research team resulted in comprehensive
lists of hundreds of technical revisions that needed to be made
by web developers to improve the user experience.

Stage 7: Retesting the Face Validity of the Draft
Website With Australian Farmers—Website Prototype
Review and Advice on Launch
This stage resulted in several changes to the look and feel of
the website, such as a change of font color to improve readability
and the inclusion of additional banner photographs featuring
machinery and images of younger farmers to ensure broad
appeal. Suggestions for improvement also included some
website usability issues, such as the ease of saving and returning
to a module later. Guidance was also provided on when would
be a suitable time of year to advertise and launch the website
(ie, not in January when many Australian grain farmers are on
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holidays after busy harvests in the lead up to Christmas). The
website was made public in February 2018.

Stage 8a: Usability and Acceptability Testing of
Prototype (Quantitative Data)

Module Completion Rate
A total of 157 users (described in Table 4) registered on the
website between February 2018 and October 2018 and were
eligible to participate in the study. Of the 157 users, 17 (10.8%)
users registered but did not start module 1. Table 4 shows the
total number of people starting and completing each module.

The completion rates for modules 1 to 5 among those that
commenced each module were 83.6% (117/140), 89% (81/91),
94% (68/72), 100% (58/58), and 100% (52/52), respectively.
Approximately 35% (49/140) of the people who started module
1 did not start module 2 (dropout). The dropout rates for
modules 2 to 4 were 21% (19/91), 19% (14/72), and 10% (6/58),
respectively. Overall, 37.1% (52/140) of the people who started
module 1 completed the entire intervention. The median time
between starting module 1 and starting module 5 was 16 weeks
(8 weeks was intended if users had 2 weeks break before
commencing the next module), with a range of 8 to 76 weeks
(15/52, 29% took 8-12 weeks; 28/52, 54% took 13-24 weeks;
and 9/52, 17% took >24 weeks).

Table 4. Number of users starting and completing each module.

Completion rate (%)Completed moduleStarted module

83.6117140Module 1

898191Module 2

94.46872Module 3

1005858Module 4

1005252Module 5

Star Ratings (Out of 5) Provided by Each User at the
Completion of a Module
A total of 310 acceptability star ratings were submitted by 114
unique users (those who completed at least module 1 before
October 2018). Of 114 users, the average rating across all
modules on a 1- to 5-star rating scale was 4.06 (SD 0.99), with
17 (14.9%) people providing an average rating of 1 to 3, 43
(37.7%) people providing an average rating of >3 to 4, and 54
(47.4%) people providing an average rating of >4. The adjusted

acceptability ratings for each module from the linear mixed
model are shown in Table 5, and the mixed model is shown in
Multimedia Appendix 1. There was a significant difference
between module ratings; the module 3 acceptability rating was

significantly lower than modules 1 ( =0.52, 95% CI 0.28-0.77;

P<.001), 2 ( = 0.58, 95% CI 0.32-0.83; P<.001), 4 ( =0.49,

95% CI 0.20-0.78; P=.001), and 5 ( =0.75, 95% CI 0.44-1.08;
P<.001).

Table 5. Adjusted average acceptability ratings (out of 5, where 1=unhelpful and 5=very helpful) for each module.

Value, mean (SE; 95% CI)

4.01 (0.12; 3.77-4.25)Module 1

4.06 (0.14; 3.79-4.34)Module 2

3.49 (0.15; 3.19-3.78)Module 3

3.98 (0.16; 3.67-4.29)Module 4

4.25 (0.17; 3.91-4.59)Module 5

Association of Module Completion and Acceptability
With Participant Demographics and Distress Levels
No association was detected between module acceptability and
education, farm type, remoteness, age, internet use, or baseline
psychological distress (Multimedia Appendix 1). Acceptability

ratings were related to stress scores ( =0.14, 95% CI 0.06-0.22;
P=.001); the more stressful the events of the past month, the
more satisfied participants were with the modules. Acceptability
ratings were related to gender at P=.08, indicating a possible
trend toward females finding the modules more satisfying than
males.

No association was detected between the number of modules
completed and gender, education level, farm type, remoteness,

hours of internet use per week, or baseline psychological distress
or stress exposure (Multimedia Appendix 2). There was an
association between module completion and age, with older

participants completing more modules ( =0.03, 95% CI
0.00-0.06; P=.04). Finally, there was no association between
module completion and an individual’s average acceptability
rating (r=−0.04; P=.52) or their rating of the last module they
completed (r=0.10; P=.28).
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Stage 8b: Usability and Acceptability Testing of
Prototype (Qualitative Data)

Brief Phone Calls With Users Who Exited the
Intervention Before Completion of All 5 Modules (to
Find Out Why)

Table 6 summarizes the most frequently identified reasons for
not completing a module (N=108). Most often, farmers said
they were too busy or simply had not got to it yet (86/108,
79.6%). The next most common reason was that the content
was not relevant to them (14/108, 13%) or that they had
forgotten about it (8/108, 7.4%).

Table 6. Reasons for not completing all 5 modules (N=108)a.

Number of mentions, n (%)Reason

86 (79.6)Too busy or not got to it yet

14 (13)Not relevant or helpful for me

8 (7.4)I forgot or thought I had done it

7 (6.5)Technical issues: user end

7 (6.5)Module took a while or too long

7 (6.5)Repetitive questions

5 (4.6)My health

4 (3.7)Technical issues: ifarmwell

2 (1.9)Forgot password or reset issues

aSome participants gave ≥1 reason.

Detailed Phone Interviews With Purposively Sampled
Group of Users
In total, 4 broad themes and 25 subthemes were identified and
are outlined in Table 7. The themes included the following:
using ifarmwell was a positive experience, value for themselves
but unsure how best to recommend to others, areas for
improvement, and context. The findings generally indicated
that users found ifarmwell easy to use and navigate, relevant,
credible, and necessary, particularly because of the tough
drought conditions that many farmers were experiencing at the
time of data collection. Farmers generally liked the structure of
the modules and the time provided between modules to practice

strategies. They also consistently reported that the language,
videos, and cartoons were appropriate, the email or text
reminders were helpful, and they valued the opportunity for
self-reflection and the anonymity and privacy of the resource.
Findings regarding areas for improvement included using even
more farmer-focused language, improving the sound quality of
the audio files, and including additional reminder SMS text
messages to address forgetfulness. Module 3 was also identified
as too long, and the values exercises it contained were found to
be difficult for people who had never considered this type of
value clarification exercise before. The need to double click to
answer questions on iPads and iPhones was also something that
users said they needed the website to remind them to do.
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Table 7. Themes and subthemes from interviews with ifarmwell website users.

Example quoteThemes

Using ifarmwell was a positive experience • “When I started it off I thought, ‘These guys have been reading my mind or watching me,’because
it seemed very pertinent, very pertinent. But also, just the fact that there’s no shame. I don't have
to be ashamed of the fact that I can't help the things I can't help. That’s a very empowering and

liberating sort of a thing, so I got that from you.” [female, 56 years, VICa, sheep and/or cattle
property]

Easy to use and navigate • “Very usable, I was really impressed with the usability of it, it was very simple and I am quite
computer literate but I can imagine that someone that perhaps wasn’t so computer literate, the
layout and the sequential nature of it, was pretty good.” [female, 61 years, VIC, sheep and/or
cattle property]

Relatable and relevant to farmers • “Yes, if it was just for the ordinary person, which would be, of course, an urban person, it would
be very, very different. I'm very grateful it was something focused on farmers because it just -

well, it personalised it. It understands what’s going on.” [male, 64 years, WAb, grain, sheep and/or
cattle farm]

• “Because you’ve structured it for farmers. We’re very down-to-earth people, and I think some of
these other courses weren’t down-to-earth enough. So, your language is being appropriate, your

contents are appropriate, illustrations are brilliant.” [female, 66 years, NSWc, horticulture, market
garden, and/or fruit growing]

• “But like it definitely - yeah read as something that was relevant from a rural perspective and ap-
proachable I guess, didn’t strike me as someone in an office in Sydney telling us how we should
be dealing with the issues of rural mental health or whatever. Like it came across as real.” [female,

33 years, QLDd, sheep and/or cattle property]

Content credible and well-developed • “I’m just trying to think of the—yeah, I think everything—well, there was nothing in there that I
feel was irrelevant or inappropriate at any point.” [male, 42 years, NSW, grain, sheep and/or cattle
farm]

• “Yes, I think it’s quite credible. Everything that was written there it was well written, it was easy
to understand. I know it said if you need help call Lifeline. There was, that was on there, so yes,
it was quite good I thought. Definitely, it looked good. You have obviously spent a lot of work
on it. I found it good.” [female, 31 years, VIC, grain, sheep and/or cattle farm]

Appropriate language and explanations • “It was good, it was simple. Not too simple that made you feel like, dumb or anything. They didn’t
have big words either that you need to look up. So yes, it was quite appropriate I think for the
demographic that you’re trying to target.” [female, 31 years, VIC, grain, sheep and/or cattle farm]

• “Just the way you chose the words, you didn’t make it more complex than it needed to be and you
didn’t use technical jargon, it was very simple, everyday language.” [female, 61 years, VIC, sheep
and/or cattle farm]

Videos were relatable, accessible, good
quality, and useful

• Again, I thought they (the videos) were really good because they are relatable and they are real.
[female, 55, VIC, Dairy farm]

Appropriate use of photographs and

cartoons

• “Yeah, so happy again with those because they really, I think they were chosen well to reflect the
environment of the people that you’re hoping to reach. You know, kept things within that frame-
work, so yeah, no, absolutely happy with all of those.” [male, 25 years, WA, grain, sheep and/or
cattle farm]

Modules were presented in a logical

sequence

• “I liked the way that it was broken up into different modules so that you were able to look at a
section, do the skills and be exposed to some new skills and then have time to consolidate and
think about that. For me, that’s a really good way to learn new skills, rather than just looking at
something on that and then going ‘oh that was interesting’, it sort of was dribbled out a little bit
over a period of time and I found that a really useful format for developing a structure for reflecting
on how you deal with life and I think that’s a really useful way for a lot of farmers too.” [female,
61 years, VIC, sheep and/or cattle farm]

Valued time to implement strategies

between modules

• “It was good because it gave you a chance to practice or think about some of the things that you’d
discovered, and then—without overloading you, and then you had another follow-up at the next
step. I really liked the way that it did that. Like I said, it made it a much more sustainable sort of
process.” [male, 36 years, VIC, viticulture]
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Example quoteThemes

• “Yeah, so as much as I hate enlisting in something and they keep bugging me all the time, I thought
the texts as well as the things were good, particularly when you’ve got a fortnight between stuff.

Yeah, I thought that was really good.” [male, 42 years, SAe, grain, sheep and/or cattle farm]
• “I used to be looking forward to when I got the little message on the phone that said, ‘Oi! It’s time

for you to start doing that extra module.’ That’s something, I guess, that’s important for you lot.
The fact that you contact us means that it seems that we’ve got a relationship or it seems that we
matter.” [female, 56 years, VIC, sheep and/or cattle farm]

Email, text, or voicemail, exercises,

reminders were helpful

• “It was good....It was quite practical in the way it was presented, the information was present-
ed...Some of the examples that were presented and things like that were something you can easily
identify with. It didn't go into too much detail.” [male, 36 years, VIC, viticulture]

• “Yeah, I thought it was interesting, I quite like it, I liked the practicality of it actually. I think that
was probably the biggest selling point. What I would kind of tell people if I were to recommend
it would be there’s a lot of practical advice in there, I think that’s missing in a lot of stuff. So yeah,
no that was definitely the high point of it.” [male, 25 years, WA, grain, sheep and/or cattle farm]

Practical strategies

• “I think—it took me a long time to identify and realize that I needed to do something with my
mental health. It takes a lot to go forward and speak to someone, so being able to go through those
modules on your own and identify where you need—you might need some help or even just
identifying a few things that you can do for yourself, I think that probably suits farmers or anyone
I've ever dealt with at work. I think being able to do something on your own to start with and get
a [00:08:38], if this gives you a bit of information, really, to—then if you want to go to someone,
you can say, ‘Look, this is what I think I need help with.’ That’s where I really struggled. I didn't
know—I didn't really know what to—if I was going to go and talk to someone, I didn't really
know what to say. But now I—having gone through those modules, it really highlighted for me.”
[male, 36 years, VIC, viticulture]

Using ifarmwell facilitated self-reflection

• “I hope it rolls out because to me it’d be a fair loss if it did not keep going—for sure. So I suppose
that means that I better swallow my pride and actually tell someone about it.” [male, 42 years,
SA, grain, sheep and/or cattle farm]

• “I think it’s a good program, you’d say, I suppose. It’s probably what we need right now too.”
[female, 31 years, VIC, grain, sheep and/or cattle farm]

• “So no, I hope it doesn’t disappear because I think there is a definite need there.” [female, 33
years, QLD, sheep and/or cattle farm]

A necessary and timely resource

• “I quite liked the way you could put stuff in your Toolbox. You could find those things that were
potentially going to work for you and put them somewhere so you can refer to them later or
coming back to them.” [male, 36 years, VIC, viticulture]

Appreciated the opportunity to add tools
to Toolbox and refer back to summary
sheets over time

• “Just looking at the things I've printed out and stuck on the wall that I thought—be curious. Yes.
Always be curious. Always investigate. Put your attention into the here and now. That is—that’s
important.” [female, 71 years, NSW, sheep and/or cattle farm]

• “I think it was good. Sure I got some pointers and some tips from that as to how to get over the
long and low periods. I mean these are common factors but of course at times when you are down
and out you can’t think of anything. But these few straight from the program sure help and create
that awareness that you can do this or you can do that and give it a go. And it sure help, useful
help” [female, 55 years, VIC, sheep and/or cattle farm]

Able to understand strategies and apply
them to life

• “And like, in this environment, if you want to go to town and go and see a counsellor or a psychol-
ogist to say that you happen to live in an area where there is one there, that’s probably only going
to be an every-now-and-again type visit, it is very difficult to - like I can’t even make a doctor’s
appointment for a script around here with the whole f****** district knowing. Something like
that, nobody needs to know. And I know that that actually goes slightly against what we are trying
to say is yeah, it is okay to ask for help and it is okay to reach out but sometimes it is actually
good to have that first step or offering people resources that doesn’t involve anybody knowing
about it necessarily.” [female, 33 years, QLD, sheep and/or cattle farm]

Appreciated privacy and anonymity

• “Yeah, so I’d definitely be willing to—I reckon it definitely has a space, it fills a need that isn’t
really getting addressed so far.” [male, 25 years, WA, grain, sheep and/or cattle farm]

• “That’s where I'm doing most of my promoting. I say to the girls—not just girls, to all the people,
‘This ifarmwell thing, it was a brilliant idea because this helps. It’s particularly tailored for farm-
ers.’” [female, 56 years, VIC, sheep and/or cattle farm]

Willing to recommend to peers

Value for themselves but unsure about
how best to recommend to others

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e27631 | p.617https://humanfactors.jmir.org/2022/1/e27631
(page number not for citation purposes)

Gunn et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Example quoteThemes

• “Yeah I would definitely and I actually thought, while I was going through, there is probably—well,
I actually think it would do my partner a lot of good to do it as well, but I haven’t quite worked
out how to encourage him to do that. But I definitely would given the right type of circumstances”
[female, 33 years, QLD, sheep and/or cattle farm]

Areas for improvement

• “You didn’t put enough farmers’ language in there.” [male, 65 years, SA, sheep and/or cattle
farm]

More farmer-focused language

• “Actually one thing that was a bit of a problem was the, when there was meditations that, the girl
that was doing the meditations, her voice was quite low and I couldn’t turn it up. So that was a
bit of an issue. I could get through with it but it was, that was something that I did notice” [female,

62 years, TASf, horticulture, market garden, and/or fruit growing]

Improve the sound quality of audio files

• “Maybe more reminders. I know for me I obviously signed up and I suppose people that do sign
up to do these things do have the intent to do it. Like everything, you sort of get emails from here,
there and that’s just life these days and that’s just the way it is. But I would appreciate obviously
another reminder being like ‘Come on!’” [female, 23 years, NSW, sheep and/or cattle farm]

Include additional reminders

• “I think that one [module 3] took me the longest time, actually. I did—I think a lot of those things
were relevant, and then after a while I dragged and dropped all these things and I began to regret
it a little bit, because it took so much time to sort it out and comment on each one. I think that’s
what happened, so it was a bit lengthy.” [male, 64 years, WA, grain, sheep and/or cattle farm]

Shorten module 3

• “The only thing- like there was a note about it was that you had to double tap because I did a fair
bit of it on my phone and...a couple of times like you would do your multiple choice and I would
have to go back because it would say you haven’t answered it. I’m like, ‘Oh, I did answer it.’ But
just so obviously hadn’t but there was a note in there telling you what you had to do and that was
fine but I would say that was more operator error than internet thing.” [female, 33 years, QLD,
sheep and/or cattle farm]

Remind users to double tap to select

answers on iPads and iPhones

Context

• “I am thinking about—from it personally but I am also thinking about it in terms of professionally
and how I would perhaps recommend something like that to farmers that I am working with as
well and I think that the fact that it’s not a very time consuming thing, each module means that
you can just do a little bit at a time and you can jump in and out of it, depending on what time
requirements you have so the overall structure I thought was terrific from that perspective.” [female,
61 years, VIC, sheep and/or cattle farm]

Farmers are time poor

• “I guess probably a lot of farmers probably baulk when they hear something about mental health,
feelings and emotions and that sort of thing” [male, 36 years, VIC, viticulture]

• “I think it’s a really good idea because it’s—farmers are very proud people. They won't always
go and seek help. But this is kind of non-threatening. They don't have to talk to anybody if they
don't want to.” [female, 57 years, TAS, grain, sheep and/or cattle farm]

Mental health stigma

• “We can't do anything about the weather. We can't change it. I haven't got any feed.” [female, 71
years, NSW, sheep and/or cattle farm]

• “And the other things I liked about it was just that you are farmer-orientated, which is totally
different to any of the other help—beyondblue, Black Dog, they’re all just for general people but
farming situations are particularly unique and your ‘ifarmwell’ tapped in to that—so the idea that
drought or cattle prices that you can't influence and, more importantly, succession.” [female, 56
years, VIC, sheep and/or cattle farm]

Drought

• “I think, the wives, I reckon the wives would be more likely to be interested in it.” [female, 62
years, TAS, horticulture, market garden, and/or fruit growing]

Women are perceived as most likely to
use and recommend

aVIC: Victoria, Australia.
bWA: Western Australia, Australia.
cNSW: New South Wales, Australia.
dQLD: Queensland, Australia.
eSA: South Australia, Australia.
fTAS: Tasmania, Australia.
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Stage 9: Iterative Design Improvements
In response to the findings detailed above, several changes were
made to the website. To improve clarity and brevity, minor
wording changes and reductions in the text were made in all
modules. Audio recordings were professionally rerecorded to
improve quality. Edits to the text were also made to
acknowledge that accessing a GP can be difficult for those in
rural areas, that module 1, in particular, was very long because
of the pre-evaluation questionnaires (but that subsequent
modules would involve less reading and more activities), and
that questionnaires were standardized and only included for the
purposes of website evaluation (not part of the intervention
itself; eg, cognitive fusion). To improve usability, additional
reminders were included about the inability to go back and the
need to double tap responses if using an iPad or iPhone. A
Things to remember when using this website page was added
to emphasize these key messages. The save and continue button
was also made more prominent. To improve relevance,
additional images and rotating banners were included on the
home page to reflect the broader range of demographics of users
accessing the website. To improve adherence, additional SMS
text messaging reminders were added 7 days after registration
if module 1 was not completed and 28 days after the preceding
module was completed if the next module was not started for
modules 2 to 5 (Figure 2). Module 3 was shortened by removing
1 value clarification exercise that gave users feedback on values
they may not be living consistently with (based on their answers
to a questionnaire; Table 3). The revised module 3 retains an
exercise asking users to select values that are very important to
them, think about whether these values drive their behavior and
decision-making, and how they might plan to live more
consistently with these values in the future.

Discussion

Principal Findings
This paper outlines the process of integrating evidence from
the literature and consumer and expert advice to create a
resource that is informed by evidence and perceived as
acceptable and relevant by its users. A strength of this
intervention development process was the clear, iterative
methodology that allowed the integration of different types of
knowledge at each step. This involved the synthesis of evidence
from prior research and intervention mapping to identify key
determinants of behavior change, relevant behavior change and
engagement strategies, and the involvement of farmers as
co-designers throughout the process to ensure the acceptability
of evidence-based strategies. In particular, the farmers’ feedback
was used to inform the initial design of the website, amend the
prototype before launch, inform the timing of the launch, and
update the intervention following acceptability and usability
testing of the prototype. At all stages, farmers’ feedback was
prioritized and integrated with research evidence and expert
opinions. These approaches enabled us to develop a resource
that reflects the unique farming culture, is built on
evidence-based approaches to mental health and well-being,
demonstrates an understanding of the audience for which it was
intended, and as detailed in this paper, was found to be
acceptable.

More specifically, the acceptability and usability testing of the
prototype that included both quantitative and qualitative
components and farmers from a variety of Australian states and
farm types, found that once people started a module, most
completed that module. Approximately 83.6% (117/140) of
users starting module 1 completed module 1, and all people
who started modules 4 and 5 completed them. Importantly,
acceptability with the previous module was not found to predict
whether a user went on to complete the next module, which
aligns with the qualitative feedback from people who did not
complete every module that their main reason for not
progressing was Too busy/not got to it yet. Overall, 37.1%
(52/140) of people who started module 1 completed the entire
5 module intervention. Comparatively, recent studies have
shown a wide variation in the rate of adherence and attrition to
web-based interventions for mental health between 2% and 83%
[72]. Other studies have reported that approximately 75% do
not use mHealth apps more than once after installation [73].
Pleasingly, the present intervention was found to be most
acceptable to those who needed it most (ie, those who were
most highly distressed when they started module 1) rather than
those who were most educated. These high levels of
acceptability are significant, given the aforementioned reluctance
of farmers to seek help [14], engage with resources targeting
their mental health [37], and their general perception that
existing services are not designed for them [24]. The
intervention also aims to help farmers identify when and how
to seek professional help and highlights the role of their local
GP. In turn, this may prevent the development of severe mental
health problems and facilitate access to treatment at an earlier
stage, thereby minimizing the intensity of interventions required
and reducing both social and treatment costs. Findings from the
qualitative interviews with noncompleters (N=108) to find their
reasoning for ceasing participation, also met calls for more
research to aid the understanding of engagement in web-based
interventions [74] and may be used to inform the inclusion of
strategies for improvement in future interventions.

The only comparable farmer-focused well-being website is the
aforementioned Scottish CCBT Living Life to the Full, which
includes personalized support emails in addition to computerized
modules [23]. That trial found that of those who logged on
(N=35), only 5 (14%) completed the 5 core modules, which is
much less than the 37.1% (52/140) reported in this study.
Bowyer et al [23] noted that rates of attrition in their study with
farmers (73.2%) were much higher than those experienced when
they tested a very similar intervention with other population
groups (26%-27% attrition) [75,76], reinforcing the notion that
the farming population is particularly difficult to engage in
health and well-being–focused interventions.

Although acceptability with the ifarmwell modules was
generally high, along with the interview comments, they did
highlight some areas for improvement. Following the
acceptability testing reported in this paper, the website was
adapted to address any concerns and improve the user
experience. Changes included shortening a module, improving
the quality of audio recordings, and incorporating additional
SMS text message reminders, which demonstrates the value of
adaptive design in building a resource that is responsive to user
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experiences. This aligns with the person-based approach by
continuing to incorporate user feedback after live testing of the
intervention [34], which is a strength of this work as it allows
interventions to be responsive to the needs of the audience while
remaining publicly available. The need to ensure that modules
are as short as possible (or can be easily stopped and
recommenced) is important for other farming-focused
intervention developers to keep in mind. Our finding that
farmers lack the time to engage in web-based interventions
aligns with findings that more than half of the Australian
farming population work ≥50 hours per week, compared with
just 16% of the rest of the working population [77].

Limitations
The sample was limited to those farmers who self-selected to
take part in the website evaluation and may not be representative
of the wider farming community [78]. Another limitation of
this research is that it was not clear to many users that the
questionnaires used for evaluation purposes were not part of
the intervention itself, which may have contributed to the
perception of module length and negatively affected user
acceptability. A yellow background was used behind the
evaluation components; however, in the future, this delineation
should be made even clearer, possibly by having users access
the questionnaires via a separate window.

Further Research
We have demonstrated that a co-designed website is usable and
acceptable to farmers, and many of the lessons from this research

may be applied to the development of future farmer-focused
interventions. However, further research is needed to
systematically test the effectiveness of this intervention and
examine the psychological mechanisms that facilitate changes
(or otherwise) in outcomes. In the case of ifarmwell, analyses
should specifically examine whether key ACT processes (Table
3) are influenced by the intervention and, if so, how they relate
to any changes in distress and well-being outcomes. This would
not only inform further refinements to the ifarmwell website
but also help progress important gaps in knowledge about
psychological mechanisms in the field of ACT [43,51].

Conclusions
This paper describes the first web-based intervention
co-designed with farmers to help them adopt coping strategies
to better manage their stress by accepting things beyond their
control and living according to their values, regardless of the
circumstances they face. Importantly, this paper outlines the
value of a co-design approach in facilitating the development
of interventions that are centered on evidence-based therapeutic
approaches, that also appeal to audiences who are typically
reluctant to seek help for mental health problems. It also details
a comprehensive, successful website development and
acceptability testing process, which may inform the development
of future web-based interventions for difficult-to-reach
populations.
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Abstract

Background: In the last decade, the use of technology-based sexual health education has increased. Multiple studies have shown
the feasibility of technology-based interventions, while a subset has also shown efficacy in improving youths’ sexual health
outcomes such as increased condom use and knowledge. However, little is known about health educators’experiences in integrating
technology to augment sexual health curricula.

Objective: The purpose of this study was to assess the perceptions and experiences of health educators regarding the incorporation
of technology into a sexual health education program designed for underserved youth in Fresno County, California, and to identify
facilitators and challenges to incorporating technology into the in-person curriculum.

Methods: This implementation study used data collected as part of a cluster randomized controlled trial to evaluate In the Know
(ITK), an in-person sexual health education curriculum that includes technology-based content, such as a resource locator, videos,
and games, which can be accessed through a mobile app or website. Data from implementation logs from each cohort (n=51) and
annual interviews (n=8) with health educators were analyzed to assess the health educators’ experiences using the technology
and adaptations made during the implementation.

Results: The health educators reported that technological issues affected implementation to some degree: 87% of the time in
the first year, which decreased to 47% in the third year as health educators’ familiarity with the app increased and functionality
improved. Technology issues were also more common in non–school settings. Successes and challenges in 3 domains emerged:
managing technology, usability of the ITK app, and youth engagement. The health educators generally had positive comments
about the app and youth engagement with the technology-based content and activities; however, they also noted certain barriers
to adolescents’ use of the mobile app including limited data storage and battery life on mobile phones.

Conclusions: Health educators require training and support to optimize technology as a resource for engaging with youth and
providing sensitive information. Although technology is often presented as a solution to reach underserved populations, educational
programs should consider the technological needs and limitations of the participants, educators, and settings.
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Introduction

The use of technology-based sexual health education programs
aimed at reducing sexually transmitted infections and unplanned
adolescent pregnancy has increased over the last decade.
Teaching with technology can be defined as any type of
educational process that incorporates digital technology tools
such as television, computers, tablets, smartphones, mobile
apps, online educational games, or online collaborative learning
environments to advance student learning [1].

The use of digital technologies in sexual health education
programs has increased for multiple reasons. Some data suggest
that youth access to the internet and web-based content has
become nearly ubiquitous. A Pew Research report showed that
95% of adolescents aged 13-17 years had access to a smartphone
in 2018 with almost 45% reporting being online on a
“near-constant” basis and 90% going online multiple times per
day [2]. Using technology for entertainment and information
seeking may be particularly appealing in adolescence, and
technology may also help to reinforce adolescent developmental
growth through exploration and social connection [3]. Digital
technology may also help alleviate student and teacher
embarrassment, which is common when discussing sensitive
subjects during sexual health classes [4]. In addition,
technological tools may be able to reach and educate
marginalized youth who lack access to quality and inclusive
sexual health education in their schools [5,6]. However, recent
research shows that a digital divide persists even among young
people [7]. For example, in 2019, low-income adolescents were
less likely to own laptops and smartphones than high-income
adolescents (36% vs 54% and 74% vs 89%, respectively) [8].

Prior research has demonstrated that youth have favorable
opinions of technology-based sexual and reproductive health
interventions [9-12]. Some studies also have shown that
interventions that incorporate technology were effective in
improving youths’ sexual health outcomes, such as condom
use, abstinence, sexual health knowledge, and safer sex norms
[13-15]. However, a previous review of sexual health education
apps found that most lacked comprehensive sexual health
content and had limited interactivity, highlighting the unmet
potential for this type of platform [16].

Despite this increase in digital sexual health interventions, little
is known about health educators’ experiences delivering sexual
health interventions that incorporate technology-based
components. Previous research on technology in general
educational programming found that health educators’ lack of
confidence and perceived value of the technology can be barriers
to integration [17,18]. One implementation evaluation of an
online sexual health program in the Netherlands reported that
while teachers appreciated the interactive content, they often
needed to adapt the materials based on classroom dynamics,
and some found transitioning between web-based and classroom
teaching challenging [9]. Coaches in a sports-based HIV
program in South Africa, which included text messages as part

of the intervention, identified students’ shortage of cellular data
as the primary challenge [19]. With the growing interest in
online and technological approaches to education, it is critical
to learn from the experiences of health educators in
incorporating technology to ensure that digital content is a viable
resource for engaging with youth and improving sexual health
knowledge and behavioral outcomes.

The purpose of this study was to assess the perceptions and
experiences of health educators regarding the integration of
technology into a sexual health education program called In the
Know (ITK) and to identify facilitators and challenges to
incorporating technology into the in-person curriculum. These
results can help future program developers and health educators
anticipate and mitigate common issues with technological
integration and promote best practices.

Methods

Intervention Overview
ITK was developed by and for adolescents aged 13-19 with a
goal of increasing use of contraceptive and clinical health
services [20]. Adolescents representing diverse priority
populations engaged in a user-centered design process to help
create the program’s content and digital components [21,22].
The curriculum is based on a positive youth development
approach, which promotes personal strengths and healthy
development through supportive opportunities and experiences
[23,24].

The program was developed to be inclusive and to address the
needs of homeless and unstably housed youth; youth of color;
and lesbian, gay, bisexual, transgender, and queer or questioning
(LGBTQ+) youth. ITK combines 6 hours of in-person sexual
health education with technology-based content to provide the
skills, information, and resources necessary to improve the
sexual and reproductive health and overall well-being of
adolescents.

The intervention is divided into three modules: (1) sexual health
and contraceptive use; (2) healthy relationships; and (3)
educational and career success. Health educators incorporated
different technology-based components in each module, such
as videos, online goal setting, career opportunities, and
geo-location of local services. Some content was “gamified”
using Kahoot, a game-based learning platform, and app-based
quizzes and activities to earn points. Health educators concluded
each module with a guided activity on the app and then assigned
a task for the youth to complete outside of class. Youth could
also sign up to receive text message reminders of key content
and personal goals. These tools as well as additional resources
and quizzes were available through a downloadable app or
website, enabling youth to access the information outside of the
in-person sessions. Health educators provided tablets with the
app previously installed for use during the in-person sessions,
though the participants also were encouraged to download the
app on their mobile phones. The health educators helped to
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troubleshoot any technical issues youth were experiencing with
the app.

The health educators received training on the curriculum,
classroom management, and the technological components prior
to implementation. This included in-person trainings and “teach
backs” as well as shorter refresher trainings throughout the
implementation period. The health educators reported technical
issues about the app to the website developers. In addition, the
developers updated features and replaced broken links over the
course of the program. The researchers, health educators, and
the app developers met biweekly to discuss any implementation
challenges and adaptations.

Setting and Participants
ITK was implemented in 51 cohorts (groups) with 559 youth
at 36 youth-serving agencies representing a variety of settings
where youth receive services or activities in Fresno County,
California. The health educators traveled to the sites of the
participating agencies for implementation, which included
school and after-school settings, employment and training sites,
youth development centers, clubs, foster care sites, housing
authorities, tribal agencies, and LGBTQ+ programs. The
majority of participating youth were Latino (70% [n=381]) with
a mean age of 15.5 years (SD=2.07). Almost all of the
participants owned or shared a smartphone (89% [n=480]), and
86% (n=469) had access to the internet in their homes.

Over the 3 years of implementation, a total of 6 health educators
implemented ITK, with an average of 3 health educators per
year. The health educators had a range of educational
backgrounds, prior teaching, or training experience, and were
comfortable with technology. This varied from 1 educator with
over 6 years teaching comprehensive sexual health education
to 2 educators with no prior experience in sexual or reproductive
health and limited familiarity with technology; 2 other health
educators had at least 2 years of experience implementing sexual
health education in similar settings. Moreover, 2 health
educators were male, and all lived in Fresno County.

Data Collection
This implementation study used data collected as part of the
cluster randomized controlled trial [20]. Due to the complexity
of the intervention being evaluated, a better understanding of
the contextual factors, including the technology and in-person
implementation, can help to improve future interventions and
interpret the intervention’s outcomes [25]. Process data from
implementation logs and annual interviews with health educators
were collected to assess fidelity to the intervention and to
promote ongoing quality improvement.

Implementation Logs
Health educators completed an implementation log after
delivering the program to each cohort. A cohort is a distinct
group of participants receiving ITK at a specific time, such as
a classroom of students. Each log consisted of 6 main sections:
physical space, teaching methods, learning environment, youth
participation, classroom management, and technology. The
health educators were encouraged to comment on any contextual
factors or circumstances that facilitated or hindered program

delivery for specific activities or for the entire cohort. Each log
also included a closed-ended question, “Thinking about what
happened across all of the modules of this cohort, how often
did technology issues impact implementation?” with the
response options being all, most, some, or none of the time. At
the end of each cohort, the health educator uploaded the
completed log to Box, a secure online file management system.
The researchers reviewed the implementation logs for
completeness and accuracy after submission and debriefed with
the implementing health educator.

Health Educator Interviews
The researchers conducted annual interviews near the end of
each school year with the health educators for 3 years. Due to
staffing changes over that time, 2-3 health educators were
interviewed each year, with 2 of the health educators interviewed
twice. Topic areas included implementation experiences, youth
reactions, perspectives on the digital technology components,
and recommendations. The interviews were conducted in a
private office and averaged 53 minutes in length. All interviews
were audio recorded and transcribed verbatim. Health educators
received a US $20 gift card in appreciation of their time.

Analysis
This study used a modified form of grounded theory in which
a set of potential concepts were identified and coded, and
additional themes were inductively identified from the data [26].
The qualitative analysis was guided by structural themes based
on key areas of research interest, such as technology use,
emerging themes from the review of transcripts, and the
open-ended responses in the implementation logs [27]. This
mixed coding system combined an initial list of codes using the
main research questions and additional codes that were added
based on further review [28].

One researcher coded all transcripts, while another double-coded
a subset and reviewed coding for intercoder consistency. The
coded interviews had an interreliability score of 0.80. The
research team met regularly to review the coding process, clarify
codes, and update the codebook. As needed, the researchers
reviewed the quotes that were coded differently and jointly
agreed to their coding. The codes were analyzed for patterns,
with relevant themes extracted. The findings were also compared
by year and by health educator to assess if experiences varied
over time or by person. The qualitative coding was conducted
using Dedoose, version 8.0.35 (SocioCultural Research
Consultants, LLC) [29].

The responses to the closed-ended question regarding the
frequency of technology-related interruptions were extracted
and summarized using Stata 16 (Stata Corp). We used the Fisher
exact test to compare the responses by whether the cohort
received the program in the first year of implementation and in
a school setting. One-sided P values are reported.

Results

Technology Issues During Implementation
Implementation logs were completed for all 51 in-person
sessions of ITK conducted between October 2017 and February
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2020. During this time, 8 interviews were completed with the
health educators. During the first year of implementation, the
health educators reported that technology issues affected
implementation to some degree of the time in 7 out of 8 cohorts
(87%) with that amount decreasing over the next 2 years, to 11
cohorts out of 19 (58%) and 7 cohorts out of 15 (47%),
respectively (Figure 1; note that there were missing responses
from 9 implementation logs in year 1 since one question on
technology issues was added later). When calculated with the

Fisher exact test, the difference between the first year and
subsequent years was only marginally significant (P=.08) due
to the small sample size. The cohorts implemented in
non–school settings such as in group homes or community-based
organizations were much more likely to have technology issues
than those in school settings; 14 out of the 19 (74%) non–school
setting cohorts experienced technology issues compared to 11
out of 23 (48%) of cohorts implemented in a school setting
(P=.05).

Figure 1. Percentage of time when implementation was affected by technology, by year (n=42).

Successes and challenges emerged in 3 key domains: managing
technology, usability of the ITK app, and youth engagement.
Managing technology included issues related to meeting the
technological requirements and administrative needs for
implementation during the in-person ITK sessions, such as
device compatibility, internet access, and availability of
necessary technology hardware. The topics related to the ITK
app’s usability were those specific to the content and
functionality of the app, the integration of the app into the

in-person ITK curriculum, and the participants’ use of the app.
Youth engagement referred to how integrating technology into
the curriculum affected the participants’ focus and engagement
during in-person implementation. Note that many of the issues
overlapped; for example, challenges with internet connectivity
limited access to the app’s content, which then affected youth
engagement. Table 1 summarizes the successes and challenges
within these 3 domains.
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Table 1. Key successes and challenges of integrating technology into in-person sexual health education, by domain.

ChallengesSuccessesDomain

Managing technology •• Significant preparation time requiredImplementation sites with audiovisual projection
devices present (eg, TV, projector, speakers) • Packing tablets, Wi-Fi packs

• Bringing mobile Wi-Fi hotspot • Ensuring all devices were charged and functional
• Providing tablets for classroom use

• Implementation site lacked necessary hardware
• Technology issues caused delays or omission of instruction

• Tablets freezing and needing to restart
• Internet connectivity issues

• Inability to connect to the Internet led to alternative instructional
methods
• Use of hard copies instead of digital content

ITK (In the Know) app
usability

•• Certain smartphone operating systems not compatible with the
app

Positive response to online content and resources
• App used as reference for local services

• Specific functionalities within the app repeatedly crashed
• Broken links within the app
• Barriers to downloading the app on smartphone included lack

of data, shared phone, limited battery life
• Reluctance to download the app
• Youth forgot email address or password needed to access the

app
• Youth did not use the app after the in-person sessions

Youth engagement •• Youth playing on electronic devices led to distractionsUse of tablets increased youth engagement
• Certain digital content resonated well with youth

Managing Technology
Implementation of ITK involved managing multiple
technological devices and administrative requirements such as
connecting program tablets and participant smartphones to the
internet and projecting digital content on a screen. The health
educators noted that implementation was easier in sites that had
the necessary audiovisual projecting devices, such as a monitor
and projector and internet access. The health educators
consistently reported the challenges associated with using
technology during implementation, though this decreased in
frequency each year. An inability to access high-speed wireless
internet was the most commonly described technology issue
reported. The health educators adapted to this issue by bringing
their own mobile Wi-Fi hotspots to the sites. Other common
technology issues included tablets freezing or crashing during
use, the lack of audiovisual projecting devices, broken web links
to external online content, and youth forgetting log-in
information. One health educator described common experiences
with the technology:

As much as you rely on it and as great as it is,
sometimes the links aren’t working, the buttons aren’t
working, the screen goes blank, and you’re pressing
the button and nothing’s working. Then you have to
restart it. [Interview, Year 1]

These technology-related issues caused delays and required
health educators to adapt how they delivered the program, both
ad hoc and while preparing for future implementation sessions.
One health educator described an example of an ad hoc
adaptation as such:

I had to use downloaded version of materials due to
internet connections. Students were really excited for
Kahoot [online learning platform] but, unfortunately,
the game was not showing the possible answer to the
students, and they could not participate the way it is
usually played. I ended up reading the questions out
loud and had the youth raise hands when the answer
sounded correct. [Log, Year 2]

The health educators provided tablets for participants to access
the app if they did not download it on their personal phones.
While this increased access to the materials, managing the
tablets required significant planning and preparation time, as
health educators needed to ensure that all electronic devices
were charged and functioning properly. One health educator
gave the following explanation:

We always get our materials ready… very important
is coming to make sure all the tablets are charged…
so we don't have any delays the next day. [Interview,
Year 3]

ITK App Usability
The health educators generally had positive comments about
the content of the ITK app, particularly the interactive map
linking youth to resources within their community. The health
educators used these online resources with the participants to
identify community clinics, counseling services, and help lines
for youth and families experiencing violence. One health
educator described the benefits of having resources consolidated
on the app:

I really do love the resources of [the app]. I always
let the youth know, like, “Hey, in the app that we
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talked about, you know, if you have any other
questions, it'd be really great for you to go on the app
and you can find basically anything... There's
numbers, there's addresses...” Because a lot of, some
of, them do have questions that sometimes I don't
know how to answer right off the bat. So I say, “Hey
look at the app,” so that's really great. [Interview,
Year 3]

While youth could access the ITK website on a tablet during
class, ITK originally was designed as an app for youth to
download on their phones for later access. However, youth often
faced challenges in using the mobile app including limited
storage or data, limited battery life, lack of a personal cell phone
number, difficulty remembering the required password, and
sharing the phone with other family members. One health
educator noted the following experience:

You have another group of kids that have phones, but
there's always a reason why they don't want to
download the app. They don't want to, they don't have
space on their phone, their phone is like some crazy
off-brand they can't find it. They don't have battery,
phone is totally cracked, something about service,
something about problems downloading the app. I
don't know, it's different every time. [Interview, Year
2]

Youth also expressed reluctance to download the app due to
confusion about the purpose and utility of the app as well as its
connection to the in-person curriculum, resulting in a limited
use of the app outside of the in-person sessions. Additionally,
some youth did not have access to a smartphone at all, which
not only prevented them from accessing the app outside of the
in-person sessions, but also contributed to the participants
feeling left out of the program. A health educator described the
experience of 1 youth who was homeless as such:

One participant mentioned that she felt like she was
being discriminated against because she didn’t have
a cell phone.... [Interview, Year 1]

Health educators also noted a lack of integration between the
in-person elements of the curriculum and the ITK app. Because
many of the ITK app features and activities were explained at
the end of the modules, health educators commented on the
difficulties of transitioning between the in-person curriculum
and technology-based activities. One health educator stated the
following:

I wish there was more involvement of the app in the
actual curriculum… Like, yes, there is the whole, you
know, app introduction for each module after their
curriculum. But I wish it was something that we can
use tied into our curriculum... It just kind of seems
like the little, little side perk to the class—which it is,
it is a perk, because like the other youth, who have
not participated in the program, don't get to
experience the app or get to have the information on
the app. But I think it would still really help if we can
actually use the app for facilitating, and that the youth
can go back on the app and look through things that

we've talked about already, or stuff like that.
[Interview, Year 3]

Youth Engagement
Overall, the health educators reported that youth were engaged
and interested in the curriculum. They stated that participation
and engagement increased among the youth when playing games
with Kahoot, an online learning platform that allowed educators
to gamify content delivery. One health educator explained it as
such:

Oh, Kahoot. When it's working, it works great. Like
when it's working, it's probably like the one thing that
the youth get excited about, maybe because they
already know what it is and they get to play it at
school already. So they think right away, like, “Oh,
yes, it's a game!” [Interview, Year 3]

Youth also responded particularly well to activities utilizing the
O*Net OnLine website, a free online career exploration tool.
However, health educators also noted that youth preferred
participatory activities in general, whether technology-based
activities and games or in-person activities such as role plays
compared to lecture-based activities. One health educator
described their experience as follows:

Sometimes we're not using the tablets or we're not
doing like any kind of more of a group discussion.
Like when there's listening in or something, or when
I'm just asking them questions, it's really hard to, it's
like school. It's like, okay, raise your hand or
something like that. That's where I start to lose them.
[Interview, Year 3]

Despite fostering interest and engagement, in some instances,
the presence of electronic devices was distracting for some
youth. One health educator described a common experience in
an implementation log as follows:

Some youths had earphones plugged in the tablets,
played games, or even took photos of themselves
during the class time. Facilitators would walk around
the room to ask the youth to stop playing with the
tablets while a facilitator was presenting. Although
facilitators had to tell the youth from time to time to
stop being on the tablets, facilitators did their best to
move the class along with fewer distractions. [Log,
Year 1]

Another common youth engagement issue was the need to
contextualize or personalize content for the participants. On
almost every implementation log, the health educators noted
instances where they had to reframe content or add explanations.
For example, 1 health educator noted their role in providing
supplemental information regarding a video on the biology of
conception and pregnancy:

Youth did not seem to understand the video as far as
the feedback that we got after when trying to discuss.
Facilitator replayed the video and broke it down into
different wording with each section. [Log, Year 3]
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Discussion

Principal Findings
These findings illustrate some of the successes and challenges
of integrating digital technology into an in-person sexual health
education program from the critical perspective of health
educators. As previous studies found, health educators
commonly reported that technological issues such as
connectivity and device compatibility affected implementation,
which were not unique to sexual health education [9,17,18].
However, technological issues became less frequent over time,
likely for 3 reasons. First, health educators gained experience
and confidence in addressing common technological challenges,
including making innovative adaptations or finding alternatives
when technology malfunctioned. Second, additional training
may have led to greater familiarity and comfort with the myriad
of platforms and implementation strategies. Third, health
educators provided ongoing feedback to the developers, which
resulted in changes to certain technology features and problem
resolution. The decline in technological issues demonstrates the
importance of ongoing and iterative quality improvement
processes and the need for sustained engagement by the app
development team in any technology-based health education
intervention. It also illustrates the need to ensure that health
educators are comfortable and confident in using technology,
either through prior experience or through training.

Despite the implementation challenges, the health educators
held positive views about the value that technology added to
the in-person education, particularly in engaging youth with the
material. Overall, youth tended to be more involved when they
actively interacted with the content, whether through the
technology-based components or in-person activities.
Technology may be one of many tools that can increase the
interactivity of curricular content [12]. A review of a variety of
computer-based technologies found that digital games had the
most evidence supporting their use to increase student
engagement [30]. Game-based activities were successful,
supporting the evidence that well-designed gamification can
increase student engagement and motivation, and demonstrating
the potential for gamification of educational content [31,32].
While the digital content was generally well received by youth,
health educators also noted that the technology-based activities
were not fully integrated into the curriculum. This was similar
to the findings by another study of an online sexual health
education course where some teachers reported difficulties
transitioning between web-based and in-person activities [9].

Although adolescents have widely adopted technology, our
findings are reflective of research showing ongoing disparities
in technology access and use at the individual, community, and
institutional level [7,33]. While ITK was designed for youth in
underserved settings including foster care and shelters, health
educators were more likely to encounter technology issues such
as lack of Wi-Fi and other hardware in non–school settings.

This made the implementation of the technology components
of the program more challenging [34]. Additionally, while most
participants had phones, some had limited storage or shared the
phone with other family members, making them less inclined
to download or keep an app, particularly one that stored sensitive
information. By contrast, other studies have found that youth
appreciate the anonymity available through technology-based
sexual health interventions [34].

While technology can enhance youth engagement and
comprehension, this study highlighted the critical role of health
educators who secure the hardware necessary for
implementation, adapt the curriculum when technology fails,
and contextualize and personalize digital content to meet the
unique needs of the youth they serve. Other studies have
demonstrated the importance of staff training, confidence, and
self-efficacy for the success of efforts to integrate mobile
technology into education [35,36]. Beyond technological
competence, health educators also need the core capabilities in
knowledge and skills to deliver effective, inclusive, and
appropriate sexual health education, particularly when discussing
sensitive sexual and reproductive health topics [37].

Limitations
A few limitations should be noted. The implementation log data
is self-reported, so health educators may have underreported
issues or interpreted a situation differently. However, these
results also were consistent with annual interviews with the
health educators. This study did not assess the prior experience
or comfort level of the health educators with technology. In
addition, because the ITK app changed over time in response
to feedback and updates, some of the technical components or
issues may have been resolved over time or varied by time
period.

Conclusion
As more sexual health educational programs incorporate
technology, they should consider the specific role and use of
technological components from both a pedagogical and logistical
standpoint. Developers should engage with youth and health
educators when designing health curricula and apps to ensure
that the content is integrated and promotes youth learning and
engagement. App developers need to invest in usability testing
and a system for reporting issues throughout implementation
and iteratively update the product based on that feedback.
Similarly, developers and organizations need to ensure that
health educators have the training, confidence, and support
necessary for successful implementation, including the curricular
content, classroom management skills, and necessary
technology.

Although technology is often presented as a solution to reach
underserved populations, that premise is not yet fully realized.
Educational programs considering the adoption or integration
of technology should assess the potential needs and
technological capacity of the participants and settings.
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Abstract

Background: Socioeconomic disparities in the adoption of preventive health programs represent a well-known challenge, with
programs delivered via the web serving as a potential solution. The preventive health program examined in this study is a
large-scale, open-access web-based platform operating in the Netherlands, which aims to improve the health behaviors and
wellness of its participants.

Objective: This study aims to examine the differences in the adoption of the website and mobile app of a web-based preventive
health program across socioeconomic groups.

Methods: The 83,466 participants in this longitudinal, nonexperimental study were individuals who had signed up for the health
program between July 2012 and September 2019. The rate of program adoption per delivery means was estimated using the
Prentice, Williams, and Peterson Gap–Time model, with the measure of neighborhood socioeconomic status (NSES) used to
distinguish between population segments with different socioeconomic characteristics. Registration to the health program was
voluntary and free, and not within a controlled study setting, allowing the observation of the true rate of adoption.

Results: The estimation results indicate that program adoption across socioeconomic groups varies depending on the program’s
delivery means. For the website, higher NSES groups have a higher likelihood of program adoption compared with the lowest
NSES group (hazard ratio 1.03, 95% CI 1.01-1.05). For the mobile app, the opposite holds: higher NSES groups have a lower
likelihood of program adoption compared with the lowest NSES group (hazard ratio 0.94, 95% CI 0.91-0.97).

Conclusions: Promoting preventive health programs using mobile apps can help to increase program adoption among the lowest
socioeconomic segments. Given the increasing use of mobile phones among disadvantaged population groups, structuring future
health interventions to include mobile apps as means of delivery can support the stride toward diminishing health disparities.

(JMIR Hum Factors 2022;9(1):e32112)   doi:10.2196/32112
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Introduction

Background
Noncommunicable diseases currently account for more than
half of the global burden of disease, causing an ever-increasing
proportion of premature deaths in both low- and high-income
countries [1]. This occurrence is driven by preventable factors
such as unhealthy diets, lack of physical activity, and tobacco
and alcohol consumption [2,3]. Although noncommunicable
diseases affect all segments of the population, the socially
disadvantaged groups experience higher risk factors for these
diseases [4,5] while remaining hard to reach through preventive
health interventions [6].

Socioeconomic disparities in the adoption of preventive health
programs are a well-known challenge [7,8], with programs
delivered via the web being a potential solution. Web-based
health programs show higher prospects in terms of behavior
change ability and accessibility as compared with offline
programs [9-11], having predominantly two means of delivery:
website and mobile app. However, no clear understanding exists
yet as to which (if any) of these delivery means is better able
to promote increased inclusivity of all population segments
[12,13], or on the contrary, leads to reinforcement, or even
widening, of the existing disparities [14,15].

Objective
The health program examined in this study is the SamenGezond
(from Dutch: Healthy Together) platform. Originally introduced
by the health insurance company Menzis, the health program
is aimed at the general Dutch population, following the goals
of improving the health behaviors and wellness of its
participants. The SamenGezond program was originally offered
in the form of a website (introduced in 2012) and subsequently
expanded to also include a mobile app (in 2017). Currently,
reaching approximately 1 million participants, the program
offers a set of activities and coaching that support healthy
nutrition, physical activity, and other health behaviors.

With an increasing proportion of health programs being
delivered through the web [16], it is of added value to gain a
better understanding of the potential differential impact that the
delivery means can have on program adoption. Therefore, the
objective of this study is to analyze whether the adoption of a
preventive health program by especially the low socioeconomic
segment differs between the website and the mobile app.
Identifying whether either of these means of delivery can
achieve a better adoption rate among the socially disadvantaged
groups could allow for future refining of health policy tools,
contributing toward alleviating existing health disparities.

Methods

Study Sample
The database analyzed in this study originated from the
SamenGezond platform, a large-scale web-based health program
delivered by a health insurance company to the general Dutch
population. The health program was introduced in July 2012,
initially through a website, and starting in October 2017,

expanded to also include a mobile app. The website of the health
program mainly comprises information and coaching related to
wellness and healthy lifestyle. The mobile app is an extension
of the website, introducing several additional features to the
health program, such as the ability to record activities with GPS,
interact with an internet-based coach, and set and complete
health goals. All program participants initially used the website
of the program, with a subsequent choice of enrolling for the
mobile app or continuing the use of solely the website. Although
the health program is offered by a health insurance company,
its participants are not solely clients of this company but can
also be insured elsewhere (health insurance participation being
legally mandated in the Netherlands).

The health program’s aim is to improve the lifestyle and
wellness of its participants by focusing on physical activity,
healthy eating habits, social activity, mental health, good sleep
habits, and minimized stress. The activities that are provided
involve entering or recording physical activities, reading articles,
setting goals, including friends in challenges, answering health
questions, being assisted by an internet-based coach, and
forming a daily fit-score based on the individual activities within
the platform. The program also offers benefits in the form of
accumulated points from participation in the various sections
of the platform, which can be used to acquire specific products,
vouchers for various services, gadgets, or charity contributions.

Enrollment to the health program was open and free, and all the
participants involved in this study provided their voluntary and
informed consent. Approval for this project was obtained from
the institutional review board of the University of Groningen.

Data were collected between 2012 and 2019 and analyzed in
2020 and 2021 within a longitudinal, nonexperimental study
design. This study design was used as it allows for the
examination of the duration until adoption of the 2 components
of the health program for a large group of participants. The
analyzed data had a weekly frequency, covering 376 weeks and
including 83,466 participants. All program participants were
aged >18 years and were residents of the Netherlands; no
additional exclusion criteria were applied. When selecting the
participants for this study, out of the 838,500 individuals who
enrolled in the health program at the time, 404,398 (48.23%)
individuals who had logged into the health program at least
once in the past 2 years were examined for eligibility. Owing
to limitations in data transfer and storage, approximately 24.73%
(100,000/404,398) of the eligible group were invited randomly
to participate in this study, with 83.46% (83,466/100,000) of
them having provided their consent for participation. It is not
possible to compare the analyzed sample with the approached
sample, as no data were available on the individuals who did
not provide their consent for data sharing.

Measures
The effectiveness of health programs is defined by their ability
to contribute to disease prevention, which critically hinges on
individuals adopting and using the program. However, a reason
causing overall ambiguity related to the benefits of web-based
health programs is the significant number of programs that have
been unsuccessfully adopted by individuals [17]. In addition, a
slow rate of adoption can serve as an early indicator of potential
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dropout [18] and, subsequently, program failure, making it
paramount to gain a better understanding of the health program
adoption process, to support program success.

Building on the diffusion of innovations literature [19], this
study measured the adoption of the health program using the
number of individuals who signed up for the program each week
(weekly subscription rate), with the rate of adoption being
defined as the speed at which the health program spreads among
the target group. Given that the adoption decision of individuals
varies between technologies [20], this study focused in particular
on the comparison of the rate of adoption of the health program
between the website and mobile app across socioeconomic
groups.

Examining the rate of adoption by distinguishing between
population groups allows for assessing whether there are
differences in the reach of the health program depending on the
means of delivery. Given that solely individual factors offer
insufficient explanations of differences in health behaviors [21],
the neighborhoods in which individuals live have emerged as
contexts affecting both health behaviors [22] and health
outcomes [23]. On the basis of the discussion by Duncan and
Kawachi [24], neighborhood socioeconomic status (NSES) was
used in this study to distinguish between population segments
with different socioeconomic characteristics.

The NSES measure was created in this study using data on key
indicators for each neighborhood in the Netherlands, provided
by the Central Bureau of Statistics [25]. Following the
methodology outlined in the study by Dekker et al [26], the
NSES measure was calculated using nonlinear iterative partial
least squares principal component analysis on the following
characteristics, given on a postcode level: average income,
average property value, subsidized renting, share of high-income
households, share of owner-occupied properties, share of
low-income households, share of the population receiving
unemployment benefits, share of the population receiving
disability benefits, and share of the population receiving
short-term unemployment benefits. NSES quintiles were used
in the analysis of this study based on the constructed NSES
measure, with a lower NSES quintile corresponding to lower
levels of socioeconomic conditions.

To control for individual characteristics of the program
participants, gender and age were included in the analysis as
additional covariates. Moreover, as it can be expected that
marketing campaigns that support the health program influence
the rate of program adoption, the analysis was augmented with
indicators for marketing activities taking place in each observed
week or in the preceding week (to control for a lagged impact
of marketing). The marketing campaigns considered were radio,
television, and web-based campaigns.

Statistical Analysis
This study used survival modeling, which encompasses
statistical procedures aimed at analyzing the time until an event
occurs; the event of interest in this study was the adoption of
the health program. The baseline population of individuals who
could decide to adopt the health program was the general Dutch

population, which was the target group of the health program
(the marketing activities related to the health program took place
in the Netherlands and were aimed at the Dutch population).
Registration for the analyzed program was voluntary and free,
which made it possible to examine the true rate of adoption, as
in such a setup, individuals are free to decide by themselves
when to enroll in the health program [27].

All the observed participants of the health program could
experience two events: the adoption of the health program
through the website and the adoption of the mobile app, with
the former always preceding the latter. This pattern is
schematically reflected in Figure 1, which depicts the several
types of health program participants possible, depending on
whether and when a participant adopted the website and the
mobile app of the health program.

Figure 1 summarizes the 4 types of health program participants.
Type 1 includes users (26,908/83,466, 32.24% of the program
users) who adopted the health program before the mobile app
was introduced (in the period between 2012 and 2017) and
subsequently did not adopt the app when it became available
in October 2017. Type 2 includes the users (31,333/83,466,
37.54%) who adopted the program before the app introduction
and subsequently also adopted the app. Type 3 includes the
users (12,979/83,466, 15.55%) who adopted the program after
the app introduction and subsequently also adopted the app.
Type 4 includes the users (12,246/83,466, 14.67%) who adopted
the program after the app introduction and subsequently did not
adopt the app. As the data set included solely participants who
adopted the health program before September 2019, the
observations linked to participants who would adopt the program
or its mobile app after 2019 are not available and were censored.

At the end of the observation period, of the analyzed
participants, 46.91% (39,154/83,466) had not adopted the app
(yet) and were using only the website to access the health
program. Possible reasons for this occurrence could be
unawareness about the existence of the app or unwillingness to
use the app based on not needing the extended features offered
by it. Alternatively, the reluctance toward the adoption of the
mobile app can be linked to privacy concerns [28].

As reflected in Figure 1, the adoption of the website and the
mobile app were sequential events, with each participant being
at risk for only 1 of these events at a time. The modeling
approach that handles this structure best is an extension of the
classical Cox model [29], namely the variants of the Prentice,
Williams, and Peterson (PWP) model [30-32]. To answer the
research question of this study related to differences in the rate
of adoption between means of delivery, the PWP Gap–Time
(PWP-GT) model is most appropriate, which estimates the
effects of the following event since the time from the previous
event [30,32]. This is achieved using time-dependent strata,
where the hazard function is allowed to vary from event to event
[33]. The PWP model estimates unbiased effects [33] and
provides SEs robust to within-subject correlation [34]. Statistical
analysis was performed using the survival package [35,36]
implemented within the R (R Foundation for Statistical
Computing) environment for statistical computing [37].
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Figure 1. Types of health program participants.

Several robustness checks were performed for changes in the
model specifications based on models accounting for
nonproportional hazard rates, with the estimated parameters of
the main PWP-GT model maintaining their direction and
statistical significance (section 2 in Multimedia Appendix 1
[29,38,39], available on the web). Similarly, the models’
parameter estimates remained unchanged when estimating the
PWP-GT model with solely the NSES quintiles as covariates
when controlling for being insured at the company that had
initially introduced the health program and when accounting
for subsequent program use measured by the number of weekly
log-ins (section 3 in Multimedia Appendix 1, available on the
web). Additionally, following the STROBE (Strengthening the
Reporting of Observational Studies in Epidemiology)
recommendations, the checklist presented in Multimedia
Appendix 2 has been completed.

Results

Characteristics of Participants
On average, the 83,466 participants who were analyzed were
in the program for >3 years (mean number of weeks in the health
program 186, SD 124 weeks) and aged between 18 and 80 (mean
age 46.5, SD 15.5) years, and 56% (46,741/83,466) of them
were female. Table 1 provides an overview of the study
participants’ characteristics.

Among the participants’ characteristics outlined in Table 1 is
their distribution across NSES quintiles, which showed a higher
proportion of program participants in the lowest 2 NSES
quintiles. The insurance company operates on a larger scale in
areas with low socioeconomic conditions, and as most
participants were clients of this insurance company, the
overrepresentation of the lowest NSES quintiles was reflected
in the participants’ distribution (a more detailed distribution of
participants across NSES quintiles is discussed in section 1 in
Multimedia Appendix 1, available on the web).
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Table 1. Characteristics of study participants (N=83,466).

ValuesKey attributes

376Weeks covered, n

186 (124)Number weeks in health program, mean (SD)

39,146 (46.9)Participants using website alone, n (%)

44,320 (53.09)Participants using website and mobile app, n (%)

46.5 (15.5)Age (years), mean (SD)

46,741 (56)Female participants, n (%)

56 (14.9)Weeks with active marketing campaigns, n (%)

Participants per age group (years), n (%)

8263 (9.89)18-26

17,779 (21.3)27-36

16,693 (19.99)37-46

17,695 (21.2)47-56

12,937 (15.49)57-66

10,099 (12.09)67-80

Participants per NSESa quintile (from lowest to highest socioeconomic conditions), n (%)

18,446 (22.1)First

22,453 (26.9)Second

16,109 (19.29)Third

13,605 (16.3)Fourth

12,853 (15.38)Fifth

aNSES: neighborhood socioeconomic status.

Figure 2 further depicts the proportion of program participants
who were in each NSES quintile, separated into two groups:
those who used solely the website of the health program and
those who used both the website and the mobile app.

On the basis of Figure 2, the distribution of program participants
across NSES quintiles showed a similar pattern independent of
the health program’s delivery means used.

Figure 2. Distribution of health program participants across neighborhood socioeconomic status (NSES) quintiles.
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Regression Results
Analyzing the rate of adoption of the health program generated
the results shown in Table 2, which contains the parameter
estimates from the PWP-GT model accounting for NSES

quintiles and the covariates of age, gender, and marketing
indicators. The estimates shown in Table 2 are the hazard ratios
(HRs; exponentiated model parameters) reflecting the effect
size of the covariates, their corresponding 95% CIs, and P
values.

Table 2. The impact of covariates on the rate of program adoption (Prentice, Williams, and Peterson Gap–Time model estimation resultsa,b).

Mobile app adoptionProgram adoption through websiteVariables

P valueHRd (95% CI)P valueHRc,d (95% CI)

NSESe quintile

N/A1.000fN/Ag1.000fFirst

.0010.940 (0.907-0.973).0021.034 (1.015-1.054)Second

.020.954 (0.918-0.990).021.029 (1.008-1.051)Third

.020.950 (0.912-0.988).021.031 (1.009-1.053)Fourth

.020.948 (0.910-0.987).121.020 (0.997-1.043)Fifth

<.0010.980 (0.979-0.981)<.0011.007 (1.006-1.007)Age (in years)

Gender

N/A1.000N/A1.000Female

<.0010.821 (0.797-0.845)<.0011.074 (1.060-1.088)Male

Marketing

N/A1.000N/A1.000No

<.00117.007 (16.979-17.035)<.0010.378 (0.360-0.396)Yes

aInterpreting the estimated hazard ratios, for example, the second neighborhood socioeconomic status (NSES) quintile had an increased likelihood of
program adoption via the website by a factor of 1.034 (95% CI 1.015-1.054) as compared with the lowest NSES quintile, keeping other covariates
constant (equivalent to a 3.4% increased likelihood of adoption). On the other hand, the likelihood of adoption of the mobile app when comparing the
second NSES quintile with the first one shows a decreased likelihood of adoption for the second NSES quintile by a factor of 0.940 (95% CI 0.907-0.973)
or 6%.
bObservations=166,932 (the 166,932 observations reflect the 83,466 participants as the model accounts for 2 events per participant); R2=0.255; maximum

possible R2=1.000; Wald test (df)=56,343.96 (14); P<.001.
cHR: hazard ratio.
dAn HR of 1.000 was assigned to the reference level for each categorical covariate.
eNSES: neighborhood socioeconomic status.
fFor the HR of 1.000 there is no 95% CI reported, as this is not an estimated HR, but is the default value assigned to the reference level.
gN/A: not applicable (it is the reference level).

The estimation results indicate that the impact of association
with an NSES quintile on the rate of adoption of the health
program differs between the 2 means of delivery. For the health
program adoption through the website (shown in the first column
of Table 2), most NSES quintiles have a statistically significant
higher likelihood of adoption compared with the lowest NSES
quintile; for example, an individual associated with the second
NSES quintile has an increased likelihood of adoption by a
factor of 1.034 (95% CI 1.015-1.054) compared with the lowest
NSES quintile, keeping other covariates constant. However, for
the adoption of the mobile app of the health program, all NSES
quintiles have a lower likelihood of adoption compared with
the lowest NSES quintile (shown in the second column of Table
2); comparing the second NSES quintile to the lowest one
reveals a lower likelihood of adoption for the mobile app by a
factor of 0.940 (95% CI 0.907-0.973), keeping other covariates
constant. In addition, the estimated decrease in the likelihood
of mobile app adoption for the higher NSES quintiles compared

with the lowest one is higher than the estimated increased
likelihood of website adoption (the effect sizes vary between a
decreased likelihood of 4.6%-6% for the mobile app adoption
and an increased likelihood of approximately 3% for the website
adoption).

Examining the additional covariates shown in Table 2 indicate
that older individuals have a higher rate of adoption of the
website (HR=1.007, 95% CI 1.006-1.007) but a lower rate of
adoption of the mobile app (HR=0.980, 95% CI 0.979-0.981)
as compared with younger individuals. In addition, men are
faster adopters of the website (HR=1.074, 95% CI 1.060-1.088)
but slower adopters of the mobile app (HR=0.821, 95% CI
0.797-0.845) as compared with women. Finally, the weeks in
which the marketing campaigns took place showed an increased
rate of adoption for the mobile app (HR=17.007, 95% CI
16.979-17.035) but a decreased rate of adoption for the website
(HR=0.378, 95% CI 0.360-0.396). The latter effect can be
explained by the fact that all marketing campaigns took place
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after the introduction of the mobile app, when the website rate
of adoption had already slowed down. Focusing on the impact
of marketing campaigns on the rate of adoption of the mobile
app based on interaction terms (section 3 in Multimedia
Appendix 1, available on the web), it turns out that higher NSES
quintiles are more sensitive to the marketing campaigns than
the lowest NSES quintile.

Discussion

Principal Findings
Owing to the increasing need for the prevention of risk behaviors
such as poor nutrition habits and insufficient physical activity,
web-based health programs have emerged as sustainable means
of providing large-scale preventive health services to the
population. As lower socioeconomic segments frequently exhibit
lower uptake levels of preventive health services, additional
research is needed to identify whether the lower socioeconomic
segments are more receptive to web-based health programs. In
this study, we examine whether the website or mobile app
delivery means of a web-based preventive health program can
induce a higher likelihood of adoption among the population
group with the lowest socioeconomic conditions.

Analyzing the distribution of health program participants across
NSES quintiles revealed a higher proportion in the lowest 2
NSES quintiles. Although generally, higher socioeconomic
segments tend to be more represented in preventive health
programs [40], the overrepresentation of the lowest NSES
quintiles observed in this study is linked to the particularities
of the insurance company that introduced the program, which
operates on a larger scale in areas with low socioeconomic
conditions.

The main findings of this study show that the website of the
health program is associated with a higher likelihood of adoption
among the higher socioeconomic population groups (between
2% and 3% increased likelihood of adoption; P value between
.12 and .002 depending on the NSES quintile), whereas the
mobile app displays a higher likelihood of adoption among the
lowest socioeconomic group (between 2% and 6% increased
likelihood of adoption; P value between .02 and .001 depending
on the NSES quintile). Additional findings originating from
this study reveal that the individuals’ demographic
characteristics are also linked to differences in adoption per
means of delivery, with younger women (P<.001) more likely
to adopt the mobile app of the health program. Marketing
campaigns are estimated to increase the likelihood of mobile
app adoption: 170% (P<.001) increased likelihood of mobile
app adoption during, or right after, the weeks in which the
marketing campaigns about the health program took place.

Comparison With Previous Work
The findings in other existing research differ on the topic of
health program adoption through mobile apps among
socioeconomic groups. On the one hand, it is estimated that
higher NSES segments are more likely to use health programs
delivered through mobile apps [12,15] because of their
possession of better digital skills [41] and easier access to
technological devices [42]. On the other hand, when engaging

with web-based health programs, individuals living in lower
NSES areas do so mostly through mobile apps [13,43] while
showing similar ease of use of mobile apps for health as that of
groups with higher socioeconomic conditions [44,45].

For the findings in this study, a circumstance likely linked to
the lower socioeconomic group showing a higher likelihood of
mobile app adoption is the possession of digital skills. A
characteristic of the Dutch population is the high levels of digital
skills, with the Netherlands ranking highest in Europe on this
scale [46]. An overall high level of digital proficiency removes
the potential barriers that could prevent lower socioeconomic
segments from engaging with health programs delivered through
mobile apps. In addition, among communities with the lowest
socioeconomic conditions in the Netherlands, there is a positive
attitude toward web-based lifestyle programs [47]; this,
combined with the high digital skills, potentially facilitates the
adoption of the mobile app of the health program.

Overall, the topic of disparities in the use of preventive health
services in the existing literature is supported by a general
consensus that although the socially disadvantaged segments
experience a heavier burden of behavioral risk factors and
disease [48,49], they are generally the least represented group
in preventive health services [40], an occurrence leading to an
accelerating inverse social gradient [50]. With web-based health
programs having the ability to achieve higher adoption and use
rates [9-11], more research is warranted on the effects of specific
delivery means of such programs on uptake, especially among
the lower socioeconomic population groups.

The realization that mobile app delivery of preventive health
programs can increase adoption among the lowest
socioeconomic segment of the population has important
implications for the future design of health programs. The
current digital age is characterized by a higher prevalence of
mobile phone use as compared with computer use, a pattern
that is especially heightened in low socioeconomic groups
[51,52], with mobile phone ownership and use also seeing a
sharp increase in the low-income countries [53]. Given these
tendencies, structuring future health programs to include a
mobile app as a means of delivery can help to increase the
adoption of such services among the disadvantaged
socioeconomic segment, which can support the stride toward
achieving health equity among all population groups.

In light of the growing health care expenditures and the
associated health disparities, it is of importance for health
insurance policies to encourage prevention over treatment. Given
the higher burden of costs associated with the population
segment with the lowest socioeconomic conditions, it is
paramount to increase preventive health service use within this
segment. Designing future health programs, including the use
of mobile apps, can facilitate the increase in the use of such
services by the lowest socioeconomic group, thus leading to
cost savings and encouraging further investment toward
large-scale, web-based prevention services.

Limitations and Future Research
This study’s setup and analysis methods have several limitations.
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First, as the adoption of the health program continued beyond
the window of observation analyzed in this study, it is not
confirmed that the effects observed here would maintain their
validity when including the later adopters of the website and
the mobile app. To verify whether the later adopters match the
pattern discussed in this study, the current analysis can be
replicated at a later stage of the health program’s existence.

Second, as the data analyzed were retrospective, the analysis
was limited to only a few covariates related to the study’s
participants. To overcome this restriction, the measure of NSES
was used to reflect socioeconomic conditions, with the limitation
of missing information on residential moves and not accounting
for heterogeneity within neighborhoods. An extension of the
current analysis would be to include a measure of individual
socioeconomic status and compare the inferences based on the
individual-level measure to the ones obtained here based on the
neighborhood-level measure.

Third, the program analyzed has a particular structure of
adoption, with all participants initially adopting the website and
subsequently having the choice to adopt the mobile app. Such
a structure can potentially lead to conservative estimates, as in
this setup, the mobile app adopters are already aware of the
program’s existence, having engaged previously with the
website. Overcoming this restriction can be achieved by
allowing program participants to adopt solely the mobile app,
this being a structure toward which the analyzed health program
is currently migrating.

Fourth, the specific health program analyzed includes solely
individuals aged >18 years and from a high-income country.
Given that youths worldwide are increasingly using more
web-based services, future analyses could include younger
individuals and compare web-based health program adoption
within a more heterogeneous sample of low- and high-income
countries. Although the findings of this study are based on the
participants of a specific health program, we believe that the
inferences drawn can be applied to the contexts of other health
technologies, mainly because of the size and diversity of the
data analyzed.

Finally, it is important to realize that solely adopting a
preventive health program does not contribute to improvements
in health. Therefore, as a future extension of this study, the
analysis can include the subsequent use of the health program,
and its impact on health outcomes, while distinguishing between
population groups with different socioeconomic conditions.

Conclusions
In this study, a large-scale web-based preventive health program
promoted in the Netherlands was analyzed, focusing on its rate
of adoption among socioeconomic groups. The mobile app of
the health program was identified as a delivery means linked
to a higher likelihood of program adoption among the population
group with the lowest socioeconomic conditions. This finding
suggests that future preventive health interventions can benefit
from web-based delivery through mobile apps, especially in the
light of the increasing use of mobile phones among the
disadvantaged population segments.
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Abstract

Background: Endometriosis is a chronic condition that affects approximately 10% of women worldwide. Despite its wide
prevalence, knowledge of endometriosis symptoms, such as pelvic pain, and treatments remains relatively low. This not only
leads to a trivialization of symptoms and delayed diagnosis but also fuels myths and misconceptions about pain symptoms. At
the same time, the use of web-based platforms for information seeking is particularly common among people with conditions
that are perceived as stigmatizing and difficult to discuss. The Sex, Pain, and Endometriosis website is an educational resource
designed to provide evidence-based information on endometriosis and sexual pain to help people understand the condition, feel
empowered, dispel myths, and destigmatize endometriosis-associated sexual pain.

Objective: The study objective is to evaluate the usability of the website and assess for destigmatizing properties of sexual
health–related web-based resources.

Methods: We conducted a usability analysis by using a think-aloud observation, a postsystem usability questionnaire, and
follow-up interviews with 12 women with endometriosis. The think-aloud data were analyzed using the framework by Kushniruk
and Patel for analyzing usability video data, the questionnaire data were analyzed using descriptive statistics, and the follow-up
interviews were analyzed using simple content analysis. We conducted a usability assessment by deductively analyzing the
interview data via a trauma-informed care framework and a content analysis approach.

Results: Through usability analysis, we found the website to be simple, uncluttered, satisfying, and easy to use. However, 30
minor usability problems related to navigation; website response; the comprehension of graphics, icons, and tabs; the understanding
of content; and mismatch between the website and users’ expectations were reported. In our stigma analysis, we found the web
content to be nonstigmatizing. The participants suggested ways in which websites could be designed to address stigma, including
ensuring privacy, anonymity, inclusiveness, and factual and nonjudgmental content, as well as providing opportunities for
web-based engagement.

Conclusions: Overall, the participants found the website to be useful, easy to use, and satisfying. The usability problems
identified were largely minor and informed the website redesign process. In the context of the limited literature on stigma and
website design, this paper offers useful strategies on how sexual health–related websites can be designed to be acceptable and
less stigmatizing to individuals with sensitive health issues.

(JMIR Hum Factors 2022;9(1):e31317)   doi:10.2196/31317
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Introduction

Background
Endometriosis is a chronic condition in which endometrial-like
tissue is present outside the uterus, typically in the pelvic cavity
[1]. Although the actual prevalence of endometriosis may be
difficult to quantify, it is estimated that the disease affects
approximately 1 out of every 10 women worldwide [2,3].
Women with this disorder tend to experience a variety of
symptoms, including sexual pain, menstrual pain, chronic pelvic
pain, and infertility [4]. Although pelvic pain is the most
common symptom of endometriosis, 50% of women also
experience endometriosis-associated dyspareunia—pain
experienced during or after penetrative vaginal intercourse [5,6].
Endometriosis-associated dyspareunia affects multiple aspects
of life, leading to absenteeism from work, poor interpersonal
relationships, and impaired social functioning, and has a
profound negative impact on quality of life [7].

Despite the negative effect of sexual pain on the life of people
with endometriosis, many patients and health care providers do
not take this symptom seriously, whereas others neglect pain
symptoms or are unaware of the link between painful sex and
endometriosis [8]. Even if the health care provider and patient
are both knowledgeable about dyspareunia, the private nature
of sexual pain may inhibit patient–provider discussions on the
topic [9]. Owing to fear of social stigma, some patients with
dyspareunia may also feel reluctant to visit or disclose their
sexual pain experiences to health care providers [9]. Indeed,
stigma has been identified as a significant barrier to the uptake
of sexual health–related interventions, including management
of endometriosis-associated dyspareunia [7].

Given the potentially stigmatizing nature of sexual pain,
websites have been identified as complementary tools for
disseminating patient information concerning endometriosis
and its related symptoms [10]. With the internet becoming a
major source of health information, people can explore sensitive
and intimate health topics such as sexual pain in a private
setting. Available evidence suggests that the use of web-based
platforms for information seeking is particularly common among
people with conditions or symptoms that are perceived as
stigmatizing and difficult to discuss [11,12]. Web-based
information is particularly important as it may help patients
understand the complex relationship between
endometriosis-associated pelvic pain and painful sex and
improve patients’ access and adherence to recommended
treatments while maintaining anonymity [8]. The advantages
associated with access to web-based information on sensitive
health topics present an opportunity to develop a web-based
educational resource for people with endometriosis-associated
dyspareunia. In response to this need, we developed a
patient-centered educational website to provide evidence-based
information on endometriosis-associated dyspareunia, which
became the Sex, Pain, and Endometriosis website.

Sex, Pain, and Endometriosis Website Development
The website was developed by a multidisciplinary team of
scientists, health care professionals, patient partners, and
community organizations in close collaboration with a web
design company as part of an end-of-grant knowledge translation
project. We adopted a patient-oriented research approach
throughout the website development process wherein patient
partners were equal team members in recognition that patients
provide critical experience-based perspectives that are essential
for creating a meaningful website [13]. The research group drew
on the Knowledge to Action Framework and technology-enabled
knowledge translation for developing the website [14,15]. We
first conducted a needs assessment with our patient partners to
determine the scope of the website, content, esthetics, and key
messages. Key findings of the needs assessment included
prioritizing necessary information on the causes of
endometriosis-associated sexual pain and options for treatment.
Our patient partners also expressed their desire to develop a
website that would promote inclusiveness (eg, diverse gender
identities, sexual orientations, ethnocultural backgrounds, and
ages) and help address the stigma of endometriosis-associated
sexual pain. Although the idea of addressing stigma was not
systematically thought through at the time of developing the
website, the development team was aware of the need for the
website to address stigma in one way or another. Therefore, the
images and language used on the website were carefully
designed so as not to offend or stereotype website users. We
also conducted a landscape analysis of pre-existing
endometriosis and sexual pain websites to determine their
content and features. This was followed by an iterative product
development. Following the release of version 1 of the website,
we conducted the usability analysis reported in this paper to
determine its usability and functionality and whether the website
met the users’ needs. The website was modified based on the
findings of the usability analysis before the final launch in
February 2021. The main purpose of this website is to help
people understand endometriosis-associated dyspareunia, feel
empowered, and dispel the myths and misconceptions
surrounding endometriosis and sexual pain [9]. The website has
six main sections: providing information on endometriosis,
painful sex, causes of painful sex, and treatment for painful sex;
resources; and frequently asked questions. The process of
website development is described in a forthcoming publication.
Figure 1 shows the homepage with the main sections of the
website and Figure 2 shows infographics of people affected by
endometriosis-associated sexual pains and other sections of the
website.

The purpose of this study is 2-fold; it aimed to (1) evaluate the
usability of the website and (2) assess for destigmatizing
properties of sexual health–related web-based resources. The
usability evaluation is expected to help improve the web design
to make it easy to use, satisfying, and acceptable to end users.
We assessed for destigmatizing properties as websites on
sensitive health topics are not typically assessed for their ability
to address or exacerbate stigma despite stigma being an outcome
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of interest for content developers [16-18]. That is, it is unclear
how the design of digital platforms for general sensitive health

problems could help address stigma or inadvertently reproduce
and perpetuate stigma among users [19,20].

Figure 1. Landing page of the website.

Figure 2. Other sections of the website.

Methods

Overview
We conducted a usability analysis by using think-aloud
observations followed by post–think-aloud interviews and a
postinterview questionnaire with 12 study participants. Using
our website as a reference point, we also asked the participants
how sexual health–related websites may be designed to address
stigma. Owing to the COVID-19 pandemic, all activities were
carried out on the web.

Recruitment
There have been no studies to our knowledge that provide
population-based information on women with endometriosis

and dyspareunia in western Canada. However, at the time of
this study, there were approximately 300 patients diagnosed
with endometriosis who were registered in the Endometriosis
Pelvic Pain Interdisciplinary Cohort Data Registry of a large
urban health care center in western Canada and who consented
to be contacted for future research. Using a systematic sampling
approach, we selected every 11th person from a list of
approximately 300 patients in the data registry. A total of 45
participants were subsequently contacted. Participants who
expressed interest but did not meet the inclusion criteria were
excluded. The inclusion criteria were (1) patients aged ≥18
years; (2) new patients or patients rereferred to the center
between May 1, 2019, and December 31, 2019; (3) consent to
be contacted for future research; (4) patients known to have
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clinically suspected or diagnosed endometriosis; and (5)
experience of self-reported deep sexual pain (alone or partnered).
The exclusion criteria were (1) not sexually active (alone or
partnered), (2) never experienced sexual pain (alone or
partnered), and (3) not fluent in English.

Ethics Approval
Ethics approval was obtained from the Children’s and Women’s
Research Ethics Board at the University of British Columbia
(research ethics board approval number: H19-03556). Of the
45 participants contacted, 12 (27%) consented to take part in
the study.

Data Collection

Demographics
Before other data collection, the participants were asked to
complete a demographic questionnaire that included age, gender
identity, ethnicity, computer skills, and the frequency of
computer use.

Usability Analysis
We conducted a usability analysis by using think-aloud
observations, a Post-Study System Usability Questionnaire
(PSSUQ), and a follow-up interview. In the think-aloud
procedure, we asked the participants to carry out 5 task scenarios
on our website while sharing their screens. The task scenarios
represented different ways of searching for information about
endometriosis-associated dyspareunia. These included (1) the
meaning of cul-de-sac in relation to endometriosis, (2) different
ways of treating sexual pain, (3) information on fertility, (4)
anticipation of the pain cycle, and (5) the role of nervous system
sensitization in painful sex. The participants were allowed to
begin with any of the tasks. The think-aloud observations were
conducted remotely via Zoom (Zoom Video Communications,
Inc), all sessions were audio recorded, and the shared screen
was video recorded. The recording did not include the
participants’ faces to protect their privacy. The PSSUQ was
conducted to evaluate the overall system usefulness, information
quality, and interface quality [21]. Adapted from Stinson et al
[22], we conducted a follow-up interview to understand aspects
of usability that were not made obvious during the think-aloud
procedure.

Stigma Analysis
Given that some sexual health–related technologies may
inadvertently exacerbate stigma [19,20], the follow-up
interviews also included questions to understand the ways in
which such websites can be designed to address stigma. In other
words, the focus of the interviews was to use our website as a
reference point to identify generalities about how destigmatizing
sexual health–related websites could be designed. The interviews
were audio recorded and transcribed verbatim by the first author
(AFA).

Data Analysis

Usability Analysis
The think-aloud video data were analyzed by the first author
based on the coding scheme by Kushniruk and Patel [23] for
analyzing think-aloud data in patient information systems. Using

the coding scheme as a guide, the first author watched and
annotated the videotape and audio recordings with usability
problems. Usability problems in the video and audio data were
categorized into the five main thematic areas from the study by
Kushniruk and Patel [23]: (1) navigation problems (related to
the user finding desired information, icons, and labels), (2)
comprehensiveness of graphics and text (problems related to
the participants’ understanding of labels, icons, and content),
(3) system responses (how the website responded to the users’
actions), (4) information content (which aspects of the system
contained too much or too little information), and (5) mismatch
between the website and the users’expectations. As the analysis
proceeded, additional labels that were not captured in the initial
coding scheme but emerged during the analysis were added. A
second person (GP) independently reviewed all the video
recordings, marked the usability problems, and categorized
them based on the 5 thematic areas. The 2 reviewers’ results
were compared, and the differences were resolved by discussion.
Content analysis procedures were used to identify additional
usability problems in the follow-up interviews, whereas
demographics and the PSSUQ were analyzed with descriptive
statistics (1=minimum and 7=maximum, where lower scores
indicate better satisfaction and higher scores indicate poor
satisfaction). Problems identified from the follow-up interviews
were also categorized under the 5 themes in the framework by
Kushniruk and Patel [23].

Stigma Analysis
Data relating to potentially destigmatizing properties of sexual
health–related websites were analyzed using a deductive
approach to qualitative content analysis [24]. The deductive
analysis followed a trauma-informed care framework [25] to
identify the destigmatizing properties of websites. Trauma and
stigma are inherently intertwined [26]. As such, we suggest that
a trauma-informed care framework is relevant for analyzing
data elicited from participants about stigma as it may inform
recommendations to address stigma concerns among people
who use sexual health–related websites [25,26]. The 5 principles
of trauma-informed care by Fallot and Harris [25] were used to
guide the analytic approach. These principles are (1) emotional
safety (ensuring services are welcoming), (2) choice (ensuring
individuals have options over their treatment and life), (3)
collaboration (sharing power and making decisions with
individuals), (4) trustworthiness (providing clear, credible, and
consistent information about the condition), and (5)
empowerment (providing an atmosphere that allows individuals
to feel validated and affirmed). All transcripts were uploaded
into NVivo software (version 11; QSR International). Using
the steps for conducting deductive thematic content analysis by
Braun and Clark [24], the first author initially familiarized
himself with the data. Second, codes and concepts related to
each of the 5 principles of the trauma-informed care framework
were assigned to the text. Third, patterns and themes were
searched for across the different interviews. Finally, the codes
and concepts together with the subthemes were matched with
their respective global themes, also known as the principles of
trauma-informed care. This deductive approach allowed for the
systematic identification of the participants’perspectives across
3 levels, including global themes (ie, the 5 principles of

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e31317 | p.649https://humanfactors.jmir.org/2022/1/e31317
(page number not for citation purposes)

Abdulai et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


trauma-informed care), subthemes, and concepts. Data saturation
was achieved when no new concepts were identified in the data.
The coding was discussed with coauthors FH and LC until a
consensus was achieved.

Results

Demographic Information
The participants’ ages ranged from 30 to 63 years, with a mean
age of 38.75 (SD 8.55) years. All participants (12/12, 100%)
self-identified as heterosexual, and all were from a large
metropolitan area in western Canada. A total of 11 participants
(11/12, 92%) self-identified as women, and 1 participant (1/12,
8%) did not disclose. Of the 12 participants, 6 (50%) identified
as White, 2 (17%) identified as Hispanic, 1 (8%) identified as
Indigenous, and 3 (25%) did not disclose their ethnic identity.
All participants (12/12, 100%) reported using the internet daily,

42% (5/12) described their computer skills as very good, 50%
(6/12) indicated that their computer skills were quite good, and
8% (1/12) indicated that their skills were neither good nor bad.

Task Completion
Tasks that required finding information in the Mechanisms
section were the most difficult for the participants to complete,
followed by finding the meaning of cul-de-sac in the
Endometriosis section (Table 1). All participants (12/12, 100%)
were able to locate information in the Treatment section, and
92% (11/12) of the participants located the information on
fertility. Tasks were considered incomplete if the participants
were assisted by the researcher (AF) or if they made several
mistakes before locating the item. Table 1 shows the task
completion rate and the average time (in seconds) it took the
participants to complete each task. The entire study took
approximately 1.2 hours for each participant to complete.

Table 1. Task completion rate (N=12).

Time (seconds), mean (SD)Participants completing the task, n (%)Website sectionTaskTask number

165 (23)9 (75)EndometriosisFind the meaning of cul-de-sac in relation
to endometriosis

1

50 (15)12 (100)TreatmentFind the different ways of treating sexual
pain

2

80 (12)11 (92)FAQsaFind the information on fertility3

206 (19)8 (67)MechanismsLocate the anticipation of pain cycle4

260 (26)7 (58)MechanismsFind the role of nervous system sensitization
in painful sex

5

aFAQs: frequently asked questions.

Overall Usability
Most participants expressed minimal difficulty with the
think-aloud procedure, although a few had to be occasionally
reminded to speak out loud. All participants (12/12, 100%) were
able to complete the tasks, although 3 participants (3/12, 25%)
needed some hints such as please click on this link or the tab is
located up there. Generally, the participants were happy with
the layout of the website. Participant 3, a woman aged 63 years,
said the following:

This is a very simple website...I am not bombarded
with too much information, the writing is good for
my age...I don’t have to strain my eyes to read this.

Usability Problems
The think-aloud observations and the postsession interviews
produced 30 usability problems, of which 23 (77%) were
identified via the think-aloud process, and 7 (23%) were
identified in the postsession interviews. Table 2 contains the

problems identified from the usability analysis organized
according to the 5 thematic areas by Kushniruk and Patel [23],
the location of each problem on the website, the number of
times the problem occurred, and the number of users
encountering the problem. The problems were largely
content-related issues, particularly related to a preponderance
of provider perspectives on the website. For instance, it was
generally agreed that the content of the website was medically
oriented and currently lacked patients’ perspectives on
endometriosis and sexual pain. The participants also suggested
solutions to some of the usability problems they identified (Table
3). The mean overall PSSUQ score was 2.41 (SD 0.85) in the
range of 1 to 7, indicating relatively high satisfaction. Although
the participants’ scores across the 3 PSSUQ metrics were all
below the average PSSUQ scores, system usefulness had the
lowest score, indicating a better metric of usability. This was
followed by interface quality and information quality. Table 4
shows the mean score for each PSSUQ item as well as the
overall mean score for system usefulness, information quality,
and interface quality.
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Table 2. Interface problems from usability analysis.

Users encountering

the problem, n (%)

Times oc-
curred, n

Page

location

Usability problemCategory

and number

Navigation problems

12 (100)15HomeThere is no search bar.1

5 (42)8HomeThe information underneath the homepage is not apparent to users.2

3 (25)6HomeLinks to other websites open on the same page. Difficult to navigate back to
main page.

3

2 (17)5SeveralThe go to top icons at the bottom of the pages are not immediately visible.4

3 (25)6MechanismThe sexual response cycle diagram does not fit in the screen for a whole view.5

5 (42)5SeveralIn-text references are not directly linked to the reference list. Users have to scroll
up and down in search of references.

6

6 (50)9TreatmentTreatment pop-ups are too small. Not convenient to users.7

5 (42)7SeveralNot enough hyperlinks and hypertext to redirect users to different but related
pages.

8

Comprehension of graphics and text

12 (100)14HomeMechanism section not clearly understood.9

8 (67)6EndometriosisThe slider affordance on the diagram showing signs of endometriosis portrays
a click function rather than a slider.

10

8 (67)5Pain typesUsers did not understand the term dyspareunia.11

6 (50)8SeveralNot enough affordances to prompt users to click on diagrams and text.12

3 (25)4TreatmentToo much content in treatment options and mechanisms.13

System response

7 (58)9Pain typesThe link to entry pain does not respond.14

7 (58)8SeveralPages load quite slowly. Takes an average of 8-10 seconds.15

4 (33)5SeveralMeaning on labels not immediately apparent to users.16

Information content

3 (25)6TreatmentToo much text in treatment pop-up.17

3 (25)3HomeEndometriosis is not explained on the homepage.18

2 (17)2SymptomsNot enough content on symptoms except the description of sexual pain.19

4 (33)5TreatmentContent on treatment pop-ups is too cluttered.20

4 (33)3SeveralPatient perspectives or voices are lacking on the website. It is medically oriented.21

Mismatch between the system and users’ expectations

5 (42)4SymptomsImages are too cheerful to portray feelings of pain.22

4 (33)4MechanismsSome bolded text looked like hypertext but was not responsive when users
clicked on it.

23

3 (25)3TreatmentClicking on psychological aspects of sexual pain takes the user to the Symptoms
page.

24

11 (92)12TreatmentClicking on learn more about how the nervous system and low arousal contribute
to painful sex takes the user to the Symptoms page.

25

4 (33)5Pain typesClicking on pain types takes the user to the Symptoms page.26

2 (17)2HomeUsers think anticipation of pain cycle is located in pain types.27

4 (33)6HomeThe information underneath each section is not apparent until the section is
opened.

28

9 (75)11TreatmentLinks to treatment options are currently limited to only the image and not the
entire box where the image is located.

29

5 (42)5SeveralThe website is 1-sided in favor of female partners.30
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Table 3. Suggested design solutions.

Suggested solutionProblemNumber

Clicking on a reference should take the user directly to
that reference.

In-text references are not directly linked to the reference list. Users have to scroll
up and down in search of references.

6

Pop-ups should open on a new page.Treatment pop-ups are too small. Not convenient to users.7

Bullet points are preferred.Too much content in treatment options and mechanisms.13

Automatically display label meanings when hovering
around the image.

Meaning on labels not immediately apparent to users.16

Bullet points are preferred.Content on treatment pop-ups is too cluttered.20

Include psychosocial aspect of sexual pain.Patient perspectives or voices are lacking on the website. It is medically oriented.21

A drop-down menu under each section is preferred.The information underneath each section is not apparent until the section is
opened.

28

Extend the link to the entire box.Links to treatment options are currently limited to only the image and not the
entire box where the image is located.

29

Include male images.The website is 1-sided in favor of female partners.30

Table 4. Post-Study System Usability Questionnaire.

Scorea, mean (SD)Category and item

System usefulness

2.44 (0.93)Overall, I am satisfied with how easy it is to use this website.

2.00 (0.78)It was simple to use this website.

2.38 (1.02)I was able to complete the task and scenarios quickly using this website.

1.88 (0.51)I felt comfortable using this website.

1.88 (0.66)It was easy to learn to use this website.

2.25(1.05)I believe I can know about sexual pain quickly using this website.

2.13 (0.68)Mean overall score

Information quality

4.63 (1.23)The website gave me error messages that told me that something went wrong.

3.00 (1.01)Whenever I made a mistake using the system, I could recover easily and quickly.

2.13 (0.98)The information provided on the website is clear.

2.25 (0.67)It is easy to find the information I need.

2.38 (0.94)The information is effective in helping me complete the tasks and scenarios.

2.13 (0.77)The organization of the information on the screen is clear.

2.36 (0.78)Mean overall score

Interface quality

1.75 (0.48)The user interface of this website was pleasant.

2.25 (0.73I would like to use this website.

2.75 (1.03)This website has all the functions and capabilities I expect it to have.

2.38 (0.78)Overall, I am satisfied with this website.

2.28 (0.56)Mean overall score

aLower scores indicate better metrics of usability.
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Destigmatizing Properties of Sexual Health–Related
Websites

Overview
Although the focus of the stigma analysis was to identify
generalities about designing destigmatizing sexual health–related
websites, the participants largely referred to our website to
illustrate their points. We identified participant responses that

fit within the 5 main principles of the trauma-informed care
framework by Fallot and Harris [25]. The 5 principles of
trauma-informed care represent the global themes under which
various subthemes and concepts emerged. These themes
represent the participants’ perspectives on how to design
destigmatizing sexual health–related websites. Figure 3 shows
the data analysis structure based on the trauma-informed care
framework.

Figure 3. Global themes, subthemes, and concepts based on trauma-informed care.

Theme 1: Emotional Safety

Overview

According to Fallot and Harris [25], the principle of emotional
safety denotes that both the setting and interaction within
services are psychologically harmless, comfortable, and easy
to use. In other words, emotional safety means having an
awareness of individuals’discomfort or unease in using services.
On the basis of this conceptualization of emotional safety, most
participants in our study viewed websites as platforms that can
promote emotional safety by ensuring that users are not
restigmatized or retraumatized when using sexual health–related
websites. In total, 2 subthemes emerged describing how stigma
may be addressed through emotional safety.

Appropriate Use of Web Content

An area of concern among the participants related to how images
and content are displayed on web platforms. Many of the
participants indicated that the display of sexual health–related
content, particularly images, determines whether they will use
a web platform. Others argued that the use of websites with
explicit images will likely draw people’s attention to what the
participants are looking at, a phenomenon that many participants
disliked. Participant 3, a woman aged 45 years, stated the
following:

When I heard this was a sexual pain website, I thought
I was going to see some horrible stuff...you know what
I mean...but that’s not the case. You have chosen your
words carefully and I wouldn’t shy away from
browsing this website, even on a bus.
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Owing to the potential for some web images to foment stigma,
a participant suggested using images or words that would not
easily draw people’s attention, especially in public places.

Privacy and Anonymity

Another strategy the participants identified as a means to ensure
emotional safety via sexual health–related websites was to
safeguard the privacy and anonymity of people who use
web-based platforms. Several participants desired privacy and
anonymity, indicating that they might feel uncomfortable
disclosing their information to health care providers or peers.
Participant 1, a woman aged 37 years, reported the following:

I would not want to discuss with my doctor or family
members because of the stigma. I mean...you know
how people behave when it comes to sexual health
issues...So I don’t think I will feel comfortable
discussing some of the issues you have on this website
with my care provider, but I think this website can
provide me with what I want without exposing myself.

The participants generally agreed that educational websites such
as ours could enable people to access needed information
without necessarily disclosing their private information or their
identity. Participant 10, a woman aged 51 years, specifically
described the following:

Websites should be able to protect peoples’ identity
by using anonymous identities during an online
interaction with others or health providers.

Theme 2: Collaboration

Overview

Collaboration denotes partnerships and the recognition that
healing happens in relationships and in a meaningful sharing
of power, problems, and experiences [25]. Using our website
as a reference, several participants indicated that web platforms
can provide a novel opportunity for collaboration among people
without revealing their identity. This form of collaboration can
be either with people with similar conditions or with health care
professionals. Collaboration was regarded as important because
many participants indicated that people with sexual pain tend
to experience pain alone, in isolation, and with limited or no
opportunities to discuss or share their experiences with others.
A main subtheme emerged under collaboration.

Web-Based Engagement

The desire to interact with peers via websites was a dominant
theme described by most participants. For instance, participants
2 and 8 suggested the use of web-based chat rooms to promote
active engagement among people with similar problems or to
engage with health care providers for additional support. In
reference to our website, participant 2 specifically stated the
following:

Maybe find a way of connecting people, like, have a
place where people would want to hear from each
other.

More than half of the participants suggested that contact
information for health professionals could also be integrated
into sexual health–related websites so that people could always

establish an anonymous connection with health care providers
for additional information that may not be contained on web
platforms. This was specifically echoed by participant 11, a
woman aged 39 years:

If you have the contacts of people or those behind the
website where I can contact them in case I need
personalized information would be useful...don’t you
think this will enhance the credibility and relevance
of the information?

Although several participants generally agreed on the potential
benefit of some form of web-based engagement, a few others
were worried about the potential privacy risk of web-based
engagement. A participant contended that a person’s identity
could inadvertently be revealed through such engagements.

Theme 3: Empowerment

Overview

In the context of trauma-informed care, empowerment is the
recognition that an individual’s strengths are acknowledged,
built on, and validated [25]. In other words, empowerment is
aimed at conveying a sense of optimism and hope or expanding
resources or an individual’s capabilities. When asked how
websites may help address stigma, several participants reported
strategies that reflected the principle of empowerment by Fallot
and Harris [25]. These participants described empowering
actions that could promote a sense of optimism and hope among
people who use sexual health–related websites. These
empowering strategies were categorized under the 2 main
subthemes of inclusiveness and validating personal experiences.

Inclusiveness

Almost all the participants noted that inclusiveness of people
from diverse ethnicities, age groups, and sexes and genders on
sexual health–related web platforms is an important strategy to
address sexual health–related stigma. For instance, there was
consensus across several participants that the presence of
partners in this type of web platform was crucial in promoting
emotional well-being and addressing stigma-related concerns.
Approximately 6 (50%) of the participants suggested including
images of partners as well as having a resource section on what
partners can do to support and empower their partners who
experience sexual pain. Citing our website as an example,
participant 4, a woman aged 33 years, voiced the following:

I definitely think you need to get...partners involved
in this as well because I think that’s quite
important...you [are] definitely not gonna fix this
problem or make things easier if one party is trying
to do this in isolation without some perspectives from
the other party or why they can’t understand what
the other party is experiencing...so I think you
definitely need to get that involvement in there.

Validating Personal Experiences

Several participants noted validating each other’s experiences
as an empowering strategy that may help address stigma.
Participant 6, for instance, expressed the desire for a section on
websites where participants can narrate their experiences as a
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way of empowering other people who have similar conditions.
With specific reference to our website, she noted the following:

I think having a section where I can read about other
people’s stories or hear someone narrate their
experiences may be helpful to me.

Similarly, participant 4 indicated the following:

...having personal experiences on websites can help
people who are living in isolation because such
experiences can help them overcome stigmatizing
problems that they otherwise would not want other
people to know about.

Validating other people’s experiences was considered by many
as a way to make people feel understood when using web-based
platforms. A few participants also felt that having their
experiences validated by others would mean they were not
experiencing it in isolation.

Theme 4: Trustworthiness

Overview

Trustworthiness denotes clarity in tasks and information,
accuracy, consistency, transparency, and interpersonal
boundaries [25]. Applying this principle in the context of health
technologies, many participants reported strategies that they
thought could help dispel the myths and misconceptions
regarding the causes and possible effects of endometriosis and
sexual pain. For instance, participant 3 indicated that the “mere
existence of a website that accurately explains endometriosis
and sexual pain could help dispel the myths and misconceptions
that often fuel stigma.” Participant 6, a woman aged 39 years,
also indicated the following:

A website such as this will clear a lot of doubts that
many people are having regarding endometriosis and
how sexual pain comes about.

The facts and evidence on our website were also seen as ways
of promoting trust in web-based content. The use of factual
content and nonjudgmental information were the 2 subthemes
that emerged under the global theme of trustworthiness.

Factual Content

Several participants viewed factual content as a way of
addressing stigma via websites. They specifically noted that the
information on our website was very factual and based on
available evidence, as seen in the references. A participant
suggested that other sexual health–related websites should
emulate the way our website provided factual content.
Participant 6 emphasized the following:

Just as I have said before, the information on all
websites should be backed by evidence like you have
here. I can see you have references to some of your
claims so I can know that there is some credibility to
what I am reading.

Although several participants were positive about the facts on
the website, a few others viewed the website as too medically
oriented. In other words, the website did not portray patients’
perspectives on endometriosis-associated sexual pain. For
instance, participant 2 noted that “you only presented the facts

without highlighting the psychosocial aspects or patient
experiences of sexual pain.”

Nonjudgmental Information

Several participants commented on and appreciated the
nonjudgmental nature of the information on the sexual
health–related website. With reference to our website, participant
2, a woman aged 32 years, reported the following:

Your message does not seem to cast doubts or pass
judgment on people who suffer from endometriosis
so it can be trusted by people.

The nonjudgmental nature of the information was seen by
participants as key to addressing the stigma that results from
othering and stereotyping of people who live with an illness.
Participant 4 indicated the following:

The information is not personal in nature so I don’t
think it may be stigmatizing. I don’t think it also
stereotypes anyone.

Theme 5: Choice

Overview

Choice is the recognition of an individualized approach while
strengthening people’s experiences of options in services [25].
In this study, approximately 6 (50%) of the participants indicated
ways in which a website might provide diverse information that
maximizes an individual’s choices or the diversity of options
from which they can choose. A subtheme that emerged under
choice related to the diversity of treatment information and
opinions on web-based platforms.

Diversity of Web-Based Information

Approximately 6 (50%) of the participants indicated that, for a
website to address stigma, it should facilitate people’s choices
by including diverse information on the treatments, supports,
and resources for endometriosis used by a range of people.
Awareness of diverse approaches to treating and managing
endometriosis and sexual pain was considered by many to be
essential to understanding the various approaches and options
they might seek further information about or even consider.
Considering the private nature of endometriosis and painful sex,
there were currently few opportunities to learn from others about
what they had tried, both successfully and unsuccessfully.
Participant 7, a woman aged 42 years, specifically saw a benefit
in asking people who have endometriosis about how they
manage stigma related to sexual pain. She said that “asking
these people about stigma will help you develop something that
can address the problem.” Participant 5 indicated that having
different perspectives on the website will maximize people’s
choice of sexual pain and stigma management strategies:

Maybe my final suggestion will be to also get different
views of people suffering from sexual pain into the
website. I think it’s good to hear from different
perspectives of how people manage the problem.
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Discussion

Principal Findings
This study aimed to assess the usability of the Sex, Pain, and
Endometriosis website and assess for destigmatizing properties
of sexual health–related websites in general. The usability
findings revealed that, except for the absence of a search bar,
the possible confusion with the mechanisms tab, and the small
pop-up windows, the participants generally found the website
to be simple, uncluttered, quite easy to use, and satisfying. The
system usefulness, information quality, and interface quality
scores on the subscales of the PSSUQ were <3 on average,
indicating good usability and satisfaction with the website. It
is possible that the system usefulness, information quality, and
interface quality were generally perceived as positive as the
information was presented in plain language and the website
was quite basic so as not to pose usability challenges. In addition
to the good PSSUQ ratings, during the posttest interviews, the
participants also perceived the content of the website to be
credible, evidence-based, nonjudgmental, and appropriate for
the age group most affected by endometriosis-associated
dyspareunia. The use of nonjudgmental and age-appropriate
content on the website confirms the findings of previous studies
[27]. The positive findings in this study are in sharp contrast to
a review that found the content of 54 endometriosis websites
to be fairly inaccurate, of poor quality, noncredible, and fairly
difficult to read [10]. The participants also provided suggestions
and recommendations, including improving the visibility of the
homepage information, explaining endometriosis and
dyspareunia on the home page, and providing a drop-down
menu under each section heading to make it easier to find
content. Despite the positive findings, the largely minor usability
problems encountered suggested the need for some revisions
and redesign before the website was launched. The participants
were unsatisfied with the use of text-heavy information on the
website. These findings also remind us that, although more text
may be needed to explain certain concepts, the frequent use of
dense text on educational websites may not be favorable.
Alternatively, images and bullet points could be more engaging
to the participants. The recommendations from the research
participants informed the revision of the website in ways that
better met the needs of potential users. This evaluation study
indicated the importance of user feedback in designing
patient-centered educational websites on sensitive and intimate
health topics [28].

To the best of our knowledge, this work is the first usability
evaluation to assess for destigmatizing properties of sexual
health–related web-based resources. Even though the
participants found the website to be generally nonstigmatizing,
the findings of the stigma analysis suggest that the website did
not fully use the necessary stigma-alleviating strategies that can
empower people to address stigma. For instance, the absence
of male partners and inadequate information on patients’
personal experiences were seen as nonempowering. The
limitations of our website in addressing stigma could be
attributed to the fact that we did not systematically incorporate
stigma prevention into our design process even though it
emerged during our needs assessment and landscape analysis.

Despite these (minimal) setbacks, this study provides
preliminary evidence that suggests a trauma-informed approach
may inform strategies that can help web designers in developing
destigmatizing websites. This is important as web platforms are
increasingly used to disseminate information on sensitive health
topics [11]. However, no strategies or guiding principles exist
to help designers address stigma on websites despite stigma
being a major issue in sexual health–related topics. As trauma
and stigma are inherently intertwined and work to reinforce
each other [26,29], these findings suggest that adopting a
trauma-informed approach to developing digital platforms may
help address stigma concerns among users of web-based
resources. For instance, the anonymous web-based channels
identified under the principle of collaboration may motivate
people to reach out when in need of support, provide avenues
for web-based consultation or engagement with health
professionals, and provide a channel for sharing coping
mechanisms and supporting each other to overcome the stigma
of pain symptoms. The findings of this study demonstrate how
other studies that have adopted a trauma-informed approach to
successfully design interventions have helped address stigma
concerns among people living with HIV and AIDS in other
settings [29].

This study also shows how inclusiveness can be applied in web
design to address sexual health–related stigma. Inclusive design
approaches suggest all-encompassing ways in which websites
could be optimized to be usable and acceptable to diverse
populations with respect to ethnicity, gender, age, and other
forms of human differences. Although inclusiveness was a
concern among the patient partners during our needs assessment,
we cannot say that our website fully maximized the principles
of inclusiveness as the participants noted the absence of male
partners during the usability analysis. Future websites on
sensitive health topics should start with the principles of
inclusive design from the outset. With the principle of
inclusiveness, this study extends the emphasis on inclusive
design principles from a predominant focus on older adults and
people with disabilities to include diverse human variabilities
such as ethnicity, gender, and diversity in perspectives [30].

Although the various strategies identified by the participants
could help in creating destigmatizing websites, some of the
strategies may have an inherent privacy risk. In other words,
some of the strategies may reveal rather than conceal a user’s
identity to others. For instance, some participants were worried
about the privacy risk of web-based communication features
such as chat rooms. This worry was not surprising, as the use
of chat rooms and other two-way web-based communication
features has been associated with privacy breaches in other
studies [31]. The participants were not particularly worried
about our website as it does not offer any web-based two-way
communication features. However, they expressed privacy
concerns for other sexual health–related websites that collect
personal information. These findings reflect studies that suggest
that anonymous websites or websites that do not collect or store
any personal information, including ours, may be useful for
obtaining information on stigmatized conditions or symptoms
such as sexual pain [32,33]. However, the participants’
suggestions for anonymous chat rooms on websites may be an
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avenue for abusive and web-based stigmatization by peers [16].
This can negate the importance of this potentially safe space.
The potential privacy and security risks inherent in chat rooms
suggest the need for special design considerations to make
anonymous chat rooms or live chats safer.

Given that people may be exposed to all kinds of information
from varying sources, the facts and evidence-based information
on our website were seen as credible and reliable information
that will ultimately address the misconceptions of endometriosis
and sexual pain. Although there is still room for improvement,
our website also ensures a full range of choices by showing
different treatment options for endometriosis-associated
dyspareunia. What was missing to fully maximize the principle
of choice was having diverse patient perspectives captured on
the platform. Our team grappled with providing information
about self-management or treatment strategies for which there
is only anecdotal evidence, deciding in the end to highlight the
information that has greater theoretical or empirical evidence
to support its use. Furthermore, the desires for diverse
information and for factual information (under the principle of
trustworthiness) were very interesting but contradictory to each
other, though consistent with our team’s internal debate while
creating the website. Although the diversity of web-based
information was considered essential to understanding the
various options and approaches that people with
endometriosis-associated sexual pain might take, evidence may
not be available to support all the different options people may
desire.

The need for websites to convey real-life experiences and
facilitate interaction among people as a way of addressing sexual
health–related stigma is consistent with previous studies [17,34].
These previous studies demonstrated how the use of positive
language and patients’ personal experiences can promote the

uptake of web-based resources. These findings also show that
our website may be particularly useful for people who need
evidence-based information on endometriosis-associated
dyspareunia but are fearful of disclosing or discussing their
symptoms with providers.

Limitations
Instead of in-person usability testing, we opted for remote
usability testing to comply with public health orders during the
COVID-19 pandemic. We turned off the video to protect the
users’ privacy and, therefore, could not observe body gestures
and facial expressions that typically convey participants’
reactions during a think-aloud procedure [35]. However, given
the sensitive nature of the topic, remote usability testing might
have turned out to be a blessing in disguise as the participants
had the opportunity to explore the website from their home and
in relative anonymity. Although the participants emphasized
the important role of partners in managing sexual health–related
stigma, our sample included only people diagnosed with
endometriosis. This limitation is consistent with the broad sexual
health literature, where partner engagement in women’s sexual
health research is particularly challenging and, in some cases,
disregarded [36-38]. Future usability studies on websites that
address sexual health problems should include partners to ensure
an inclusive end product. For an educational website on
endometriosis-associated dyspareunia such as this one, partner
perspectives are particularly important as the psychosocial
impact of sexual pain can also be experienced by partners [39].

Conclusions
Websites on sensitive health topics are increasingly designed
to provide anonymous platforms for people to obtain
evidence-based information and to empower users, dispel myths,
and alleviate stigma.
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Abstract

Background: Developers, designers, and researchers use rapid prototyping methods to project the adoption and acceptability
of their health intervention technology (HIT) before the technology becomes mature enough to be deployed. Although these
methods are useful for gathering feedback that advances the development of HITs, they rarely provide usable evidence that can
contribute to our broader understanding of HITs.

Objective: In this research, we aim to develop and demonstrate a variation of vignette testing that supports developers and
designers in evaluating early-stage HIT designs while generating usable evidence for the broader research community.

Methods: We proposed a method called health concept surveying for untangling the causal relationships that people develop
around conceptual HITs. In health concept surveying, investigators gather reactions to design concepts through a scenario-based
survey instrument. As the investigator manipulates characteristics related to their HIT, the survey instrument also measures
proximal cognitive factors according to a health behavior change model to project how HIT design decisions may affect the
adoption and acceptability of an HIT. Responses to the survey instrument were analyzed using path analysis to untangle the causal
effects of these factors on the outcome variables.

Results: We demonstrated health concept surveying in 3 case studies of sensor-based health-screening apps. Our first study
(N=54) showed that a wait time incentive could influence more people to go see a dermatologist after a positive test for skin
cancer. Our second study (N=54), evaluating a similar application design, showed that although visual explanations of algorithmic
decisions could increase participant trust in negative test results, the trust would not have been enough to affect people’s
decision-making. Our third study (N=263) showed that people might prioritize test specificity or sensitivity depending on the
nature of the medical condition.

Conclusions: Beyond the findings from our 3 case studies, our research uses the framing of the Health Belief Model to elicit
and understand the intrinsic and extrinsic factors that may affect the adoption and acceptability of an HIT without having to build
a working prototype. We have made our survey instrument publicly available so that others can leverage it for their own
investigations.

(JMIR Hum Factors 2022;9(1):e30474)   doi:10.2196/30474
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intervention technology; digital health; mobile phone
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Introduction

Overview
There are numerous design decisions beyond the rigor of the
information being presented in a health intervention technology
(HIT) that can affect how people incorporate the HIT’s guidance
into their decision-making [1]. These factors can range from
the HIT’s visual appearance [2] and message framing [3,4] to
people’s beliefs and psychological traits [5,6]. Late-stage
evaluation methods such as A/B field testing and randomized
controlled trials are designed to help HIT creators explore the
ways in which the aforementioned factors might affect people’s
decision-making [7-12]. However, deploying an HIT too early
can expose people to numerous risks, such as delays in necessary
lifestyle changes, postponed diagnoses, and unwarranted stress.
User-centered design also encourages designers to incorporate
feedback early and often in their process before reaching these
late-stage evaluation methods [13]. Unfortunately, early-stage
evaluation and rapid prototyping methods (eg, think-aloud
evaluations and paper prototyping) are not as well-suited for
eliciting feedback on how people would respond to an HIT’s
guidance. Many people assess the credibility of an HIT based
on its visual appearance and language [2,14], which may not
be fully developed in a low-fidelity prototype. People can also
idealize unspecified HIT features to their liking, resulting in a
positive but biased evaluation [15]. Even when a prototype is
complete, early-stage methods are better suited for identifying
which features people prefer but not why they prefer those
features or how those features will affect use [16].

In light of these challenges, Klasnja et al [17] called for
early-stage evaluation methods that generate usable evidence:
“empirical findings about the causal effects of [HITs] and how
those effects vary with individual differences, context of use,
and system design.” Klasnja et al [17] discussed usable evidence
in the context of developers and designers who are creating a
new HIT; however, there is also a broader need within the
research community to generate findings that lead to guidelines
and theories. Identifying usable evidence requires an explicit
understanding of the causal mechanisms that affect the reception
of an HIT [18], which can only be gained by untangling the
effects of HIT design decisions and proximal cognitive factors
such as beliefs and attitudes.

As a methodological contribution to HIT design research, we
propose health concept surveying, a variation of vignette testing
[19,20] that supports the generation of usable evidence. Health
concept surveying is centered on a survey instrument that
presents target users with a technology concept in a scenario
and then measures the potential impact that HIT design decisions
may have on 2 distal outcomes [21,22]: (1) adoption of an HIT,
which is a person’s intention of using an HIT, and (2)
acceptability of an HIT’s suggestions, which is a person’s
willingness to conduct the follow-up actions recommended by
the HIT.

The survey instrument also measures proximal cognitive factors
as defined by a health behavior change framework (eg, the
Health Belief Model, HBM [23,24]). The responses to the survey
were analyzed using path analysis to surface causal pathways

that inform future research on HITs. As health concept surveying
relies on design concepts rather than physical prototypes, HIT
creators can be selective about which HIT design characteristics
they include to prevent study participants from getting distracted
by missing or incomplete features.

We demonstrate the efficacy of health concept surveying using
3 case studies to display its utility for multiple stakeholders.
The first 2 case studies show how health concept surveying
would be beneficial to a developer or designer invested in a
particular HIT, whereas the third case study highlights how
researchers could use health concept surveying to test a broader
hypothesis across multiple HITs. The case studies are centered
on sensor-based health-screening apps—smartphone apps that
use on-device sensors such as cameras and microphones to
identify the presence of medical symptoms—as this domain is
emerging in academia and industry alike [25]. The design
decisions that are explored in these case studies include (1) the
inclusion of an incentive, (2) the inclusion of visual test result
explanations, and (3) the trade-off between the true positive rate
and true negative rate.

In summary, our research contributes the following:

1. The health concept surveying method, which uses vignette
testing to disentangle the effects of design decisions and
proximal cognitive factors on the adoption and acceptability
of an HIT.

2. Case studies that show how health concept surveying can
be used to benefit specific HIT designs while generating
usable evidence for the broader community.

3. A more complex case study that shows how health concept
surveying can also support more abstract research to directly
contribute to our understanding of HITs.

Prior Work
Our research is primarily inspired by a collection of
commentaries on behavior change technologies (BCTs) by
Klasnja et al and Hekler et al [17,26,27]. BCTs aim to persuade
a person to change their habits, whereas HITs can include both
health-focused BCTs and technologies that provide a 1-time
suggestion for a course of action.

In this thread of research, Klasnja et al [26] first recognized that
demonstrating behavior change for early-stage BCTs is often
“infeasible as well as unnecessary for a meaningful contribution
to HCI research” and instead suggest that researchers strive for
“a deep understanding of the how and why of the system use
by its target users.” They proposed that researchers can work
toward such an understanding by tailoring their evaluation
methods to the intervention strategies involved in their HIT (eg,
self-monitoring, conditioning, and tunneling [28]), which can
require the development of new strategies that balance
abstraction with contextual relevance [27]. By leveraging
behavioral science theories, Klasnja et al [17] suggested that
researchers can not only advance their particular intervention
but also generate usable evidence: “empirical findings about
the causal effects of BCTs and how those effects vary with
individual differences, context of use, and system design.”

Evaluation methods such as factorial designs [7,8],
microrandomized trials [9,10], and single-case experimental
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designs [11,12] can be used to methodically test
hypothesis-driven research; however, these methods are typically
considered only after a prototype is sophisticated enough to be
put into people’s hands. By using a survey method, health
concept surveying allows investigators to include as few or as
many details about an HIT as they deem fit. This flexibility of
abstraction not only makes the health concept surveying suitable
for developers and designers with early-stage HITs but also for
researchers as they explore hypotheses around HIT concepts.
Health concept surveying also relies on health behavior change
frameworks so that researchers can disentangle complicated
relationships between factors to generate usable evidence.

Theory: HBM
Social psychologists have proposed various frameworks to
predict, explain, and change health behaviors in matters related
to public and personalized health. These frameworks have been
applied to topics ranging from smoking cessation and exercise
[29] to vaccination [30] and hearing loss prevention [31]. Health
behavior change frameworks typically fall into two categories
[32]: social cognition models (eg, theory of planned behavior
[33] and HBM [23,24]), which use cognitive factors such as
beliefs and attitudes as proximal determinants of behavior; and
stage models (eg, transtheoretical model [34]), which describe
decisions as a sequence of discrete phases.

Survey instruments for applying health concept surveying could
be modeled after any of the aforementioned health behavior
change frameworks to specify proximal cognitive factors. In
this work, we demonstrate health concept surveying with a
survey instrument based on the HBM. Researchers have

criticized aspects of the HBM, such as its lack of applicability
outside of health-related contexts [35,36] and the inconsistency
in how different researchers define its constructs [35,37,38].
Nevertheless, we use the HBM because of its specific focus on
health interventions, its applicability to both short-term actions
and long-term behaviors, and the potential for its constructs to
map to actionable feedback for developers, designers, and
researchers. By providing a survey instrument that others can
use, we hope to provide standardized questions that mitigate
inconsistency.

The HBM posits that a person will undergo an action to improve
or maintain their health if the perceived barriers to that particular
action are outweighed by the perceived seriousness of the health
problem, the perceived susceptibility to that health problem,
and the perceived benefits of taking action. All of these
constructs are affected by modifying variables, that is,
demographic information and psychological characteristics that
can explain a person’s decision-making. For instance, someone
who is well-educated may understand the benefits of early
screening, whereas someone who does not have flexible income
may view the cost of a screening examination as burdensome.
Conceptually, the HBM can be summarized using the following
equation:

Modifying variables × (Seriousness + Susceptibility
+ Benefits – Barriers) + Cues to action = Likelihood
of action

Definitions of the HBM constructs according to Urich [39] are
provided in Textbox 1.

Textbox 1. The constructs of the Health Belief Model and their definitions.

Health Belief Model constructs and definitions

• Perceived seriousness: a person’s subjective assessment of the severity of the health problem and its potential consequences

• Perceived susceptibility: a person’s subjective assessment of their risk of developing the health problem

• Perceived benefits: a person’s subjective assessment of the value in taking a certain action

• Perceived barriers: a person’s subjective assessment of the obstacles to taking a certain action

• Modifying variables: individual characteristics (demographic and psychosocial) that can affect a person’s perception of a health problem

• Cues to action: internal or external triggers that prompt a certain action

Methods

Overview
Health concept surveying is centered on a survey instrument
that allows investigators to measure proximal cognitive factors
while manipulating HIT features. In this section, we provide

details on the contents of the survey instrument, as illustrated
in Figure 1. We illustrated this survey instrument with a concept
for a sensor-based health-screening app called SkinCheck, which
analyzes the appearance of a person’s mole to determine whether
it is cancerous. A complete example of the survey instrument
used can be found in Multimedia Appendix 1.
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Figure 1. The structure of the survey instrument for health concept surveying comprises four stages: (1) preintervention, (2) intervention, (3)
postintervention, and (4) end of survey. HBM: Health Belief Model; HIT: health intervention technology.

Survey Design

Preintervention
Our survey instrument starts by presenting respondents with a
scenario that describes a cue to action related to the health topic
of interest for the HIT. Cues to action can include the emergence
of symptoms, promotional advertising, or even direct
recommendations or prescriptions from a physician. For our
example regarding a sinus infection, our prompt was as follows:

You recently noticed a new mole (beauty mark) on
your arm that is oddly colored and misshapen. After
looking up information online, you worry that you
might be developing skin cancer.

After reading the scenario, the respondent is asked to complete
an instructional manipulation check (IMC) [40], where they are
asked to select the symptoms that are associated with the
described medical condition. In addition to checking that the

respondent read the scenario, the IMC forces the respondent to
spend extra time reflecting on the scenario.

The respondent is then asked a series of questions related to
their initial reactions to the scenario according to the constructs
of the HBM: PerceivedSeriousness, PerceivedSusceptibility,
PerceivedBenefits, and PerceivedBarriers (Textbox 2). Each
construct has a corresponding question except for
PerceivedSeriousness, which has 3 questions to account for the
various impacts that a health-related issue can have on a person’s
life. All responses are recorded on a 7-point scale. The
respondent is also asked whether they would take various actions
as a series of yes-or-no questions. The respondent is free to take
0, 1, or multiple actions; therefore, we use the variable
ActionType to keep track of which action corresponds to each
response and ActionTaken to track whether the respondent would
take each action. As people can foresee different
PerceivedBenefits and PerceivedBarriers for various actions,
we also ask the respondent to separately rate those questions
for each ActionType.

Textbox 2. The set of questions that are asked in the pre- and postintervention stages of the health concept surveying survey instrument.

Health Belief Model constructs and survey questions

• Perceived seriousness

• If you had [medical condition] in this scenario, how impactful do you believe it would be on your long-term health?

• If you had [medical condition] in this scenario, how impactful do you believe it would be on your finances?

• If you had [medical condition] in this scenario, how impactful do you believe it would be socially and/or professionally?

• Perceived susceptibility

• How likely do you think you are to have [medical condition] in this scenario?

• Perceived benefits

• How beneficial do you believe each of these actions would be towards helping you recover from your symptoms?

• Perceived barriers

• How easy do you think it would be for you to take each of the following actions to help you recover from your symptoms?

• Action taken

• Given the possibility that you may [have/not have] [medical condition], which of the following actions would you plan to take on the same
day as when you discovered your symptoms?
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Intervention
After the respondents report which actions they would take,
they are given information about an HIT that is meant to address
the health-related issue described in the scenario. This is where
the investigator can choose which details to include about their
HIT. Although more details will generally make the HIT concept
more concrete and leave less room for uncertainty, the
investigator may choose to leave out some information to avoid
potential distractions from their primary questions. Our
SinusCheck example includes the following text:

A smartphone app named SkinCheck analyzes a
picture of a mole to determine whether or not it is
cancerous. To use the app, you are asked to take a
picture of the mole so that it is clearly visible. The
app guides you through taking a picture so that it can
see the mole clearly and at a proper distance.

SkinCheck comes with your smartphone by default
as part of a new mobile health initiative by [Phone
Company]. SkinCheck provides text-based and
audio-based instructions to help you perform the test.
The app also checks that the test was performed
correctly. You can repeat the test until the app
determines the image to be “valid.” The results of
the test are available instantly.

This example includes a high-level description of the app’s
source and functionality; however, it does not include any
mockups or screenshots of the app itself. Therefore, an
investigator could use this example early in their development
process to explore how people would feel about the concept of
using an app to detect sinus infections without undue influence
from the visuals of the app itself, which could be addressed at
a later time.

Postintervention Stage
After reading the HIT description, the respondent is asked about
their interest in using the HIT on a 7-point scale, which we call
TechnologyInterest. If the respondent says that they would use
the HIT beyond the neutral score, they are taken to pages where
they are asked to react to different outcomes in a randomized
order. For health-screening apps, our outcomes included positive
and negative test results. After each outcome, the respondent is
asked to re-evaluate their responses to the questions in Textbox
2. We can determine whether the HIT would have changed the
respondent’s plan by comparing ActionTaken across the pre-
and postintervention stages. This produces a second outcome
variable called ActionChange, indicating whether the HIT had
sufficient influence to change a person’s behavioral intent.
Similar to ActionTaken, ActionChange is recorded for each
ActionType.

Every HBM construct would ideally be evaluated before and
after the intervention to examine how perceptions changed as
a result of the intervention. However, doing so can significantly
increase the survey length when evaluating multiple versions
of an HIT. Therefore, an investigator may choose to remove a
postintervention question for a particular HBM if they are
confident that their design question is unrelated to it. In such
cases, the response from the preintervention stage is propagated

through the rest of the respondent’s data, as it is assumed to be
constant. We use this modification in our third case study as it
has 3 manipulated factors and a mixed factorial study design.

End of Survey
At the end of the survey instrument, the respondent is asked for
information related to ModifyingVariables within the HBM.
These questions can capture demographic information (eg, age
and access to health care services), psychological properties
(eg, risk aversion), or self-assessed expertise in topics related
to the HIT (eg, numeracy and familiarity with the medical
condition). As the content of the survey itself can provide new
information to respondents, some of these questions may be
best placed at the beginning of the survey.

Design Summary
To summarize, our survey instrument captures two key outcome
variables: (1) TechnologyInterest, which measures the likelihood
that the respondent would use the app on a 7-point scale, and
(2) ActionTaken, which measures the likelihood that the
respondent would take action based on the information available
to them at that point in the survey. All respondents would answer
questions related to each HBM construct, TechnologyInterest
and ActionTaken in the preintervention stage. Respondents who
express sufficient interest in using the HIT are then shown
various potential outcomes of the HIT and asked to reanswer
the HBM construct and ActionTaken questions for each one.
The responses to ActionTaken in the pre- and postintervention
stages are compared for each HIT outcome to form the outcome
variable ActionChange. ActionChange is not recorded for
respondents who do not express interest in using the HIT as
they never reach the postintervention stage. We use
TechnologyInterest to project the potential adoption of an HIT,
and we use ActionChange to project the potential acceptability
of an HIT.

Analysis
We analyzed data from our survey instrument using path
analysis, a variant of structural equation modeling that discerns
the effects of a set of observable variables on a specified
outcome via multiple causal pathways [41]. Path analysis
revolves around graphical models called path diagrams, which
encode hypothesized causal relationships by using nodes to
represent measured constructs and directed edges to represent
the relationships between them. Running path analysis produces
a model in which each edge is assigned a path coefficient and
a corresponding P value. We reported standardized path
coefficient (b), where b=0.5 from X to Y, suggesting that a 1
SD change in X produces a 0.5 SD change in Y.

The result of path analysis is a model in which each edge in the
path diagram is assigned a path coefficient and P value. The
coefficient is not a correlation coefficient but rather indicates
the degree to which one variable influences the other. Chin [42]
asserted that meaningful path coefficients have absolute
magnitudes >0.2. The models themselves can be assessed
according to a variety of fit statistics with no agreed-upon
standard [43-45]. We reported two fit statistics: comparative fit
index (CFI) and standardized root mean square residual
(SRMR). CFI compares the model fit against the fit of an
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independent model in which the variables are assumed to be
uncorrelated, whereas SRMR compares the difference between
the residuals of the covariance matrix and the hypothesized
covariance model while standardizing for elements with different
ranges. Hu and Bentler [46] considered a model fit to be strong
when its CFI is ≥0.95 and its SRMR is ≤0.09. The fit statistics
are likely to be poor if the path diagram is insufficient for
characterizing the relationship between variables (eg, missing
nodes or edges) or if the responses to key variables are heavily
biased.

It is possible to analyze the data that are gathered with our
survey instrument using techniques such as analysis of variance
or generalized linear models; however, separate regressions
would be needed for each variable with an inbound edge to
capture all the causal pathways in the path diagram. Path
analysis makes it easier for investigators to contrast the
importance of 2 causal relationships as the entire path diagram
is processed at once, and the edge weights are directly
comparable. Path analysis also makes it possible to characterize
the mediated relationships. In other words, the influence of X
on Z via Y can be calculated by multiplying the edge weights
from X to Y and from Y to Z.

Figure 2 shows the diagram of our outcome variables.
PerceivedSeriousness is a latent variable that combines the
responses to its 3 constituent questions. The more nodes that
are in the path diagram, the more complicated the model
becomes and the more participants that must be recruited to
achieve statistical significance. Therefore, we encourage
investigators to remove directed edges between 2 variables if
they are confident that the variables are unrelated according to
their definition or the investigators’best judgment. For example,
we assume that TechnologyInterest is independent of
PerceivedBenefits and PerceivedBarriers as those constructs
relate to actions that are unrelated to using the HIT itself. HIT
design variables and ModifyingVariables should also be added
at the investigators’ discretion, with particular focus paid to
when they are introduced in the survey instrument. If a design
decision affects how the HIT is introduced, the corresponding
variable should be added to both path diagrams; however, if the
design decision only appears during the intervention stage, the
variable should not be included in the TechnologyInterest
diagram.

Figure 2. The basic path diagrams used to disentangle the effects that health intervention technology design decisions and user-intrinsic factors have
on the measured outcome variables: TechnologyInterest (left) and ActionChange (right). HIT: health intervention technology.

We fit the TechnologyInterest model to the data from all
respondents using their ratings for the HBM constructs in the
preintervention stage. Models for ActionChange require using
data from both the pre- and postintervention stages, therefore
limiting the analysis to data from respondents who expressed
sufficient interest in using the HIT. Variables such as ActionType
do not have causal effects but still produce unique entries in the
data set. Rather than including these variables in the path
diagrams, they are used as grouping factors for multigroup path
analysis, a technique in which a model is fit for each group with
assumptions about which attributes the models share. As people
can have asymmetric reactions to positive and negative test
results, we fit separate ActionChange models in response to
positive (ActionChangePositive) or negative
(ActionChangeNegative) test results when applicable. In each
of these cases, we excluded respondents who would have taken
the HIT’s target action in the preintervention stage. For example,
respondents who would have taken action in the preintervention
stage were excluded from the model because a positive test
result would not be needed to convince them to take action.

Results

Overview
To demonstrate the flexibility of our method in a series of case
studies, we first had to create a variety of prompts for plausible
health-related scenarios and sensor-based health-screening apps.
We selected three scenarios based on their plausibility and the
different reactions we expected them to elicit: (1) a scenario
involving pink eye, which represents a common medical
condition; (2) a scenario involving skin cancer, which represents
a serious medical condition; and (3) a scenario involving
halitosis, which represents a stigmatizing medical condition.
Multimedia Appendix 2 [47-58] explains the formative study
by which these categories and scenarios were selected.

We used these scenarios to generate 3 case studies that
highlighted the diverse ways in which health concept surveying
can be used. Our first 2 case studies, which are centered around
the skin cancer scenario described in the previous section,
illustrate how an HIT developer or designer can use health
concept surveying to decide whether to include a feature in their
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HIT. Our third case study relies on all 3 scenarios to demonstrate
how a human–computer interaction (HCI) researcher can use
health concept surveying to elicit usable evidence without
focusing on a single HIT. We restricted our investigation to a
single ActionType (scheduling an appointment) for brevity;
however, we featured multigroup path analysis in case study 3
to account for its mixed factorial design and demonstrate the
expressivity of our method.

Recruitment
As our case studies were centered on health-screening apps, we
recruited participants from the general population without any
inclusion or exclusion criteria regarding their experiences with
the relevant medical conditions. We sent calls for participation
through Facebook, Reddit, and a mailing list within the
University of Washington’s Institute of Translational Health
Sciences, a center sponsored by the National Institutes of
Health’s Clinical and Translational Science for connecting
clinicians, patients, and other communities throughout the
northwest United States. We excluded respondents who were

aged <18 years or did not own a smartphone. Respondents
electronically consented before viewing any of the survey
materials. Respondents who completed the survey were eligible
for a raffle in which 1 in 20 people would win a US $20 Amazon
gift card. We used this recruitment strategy for all 3 of our case
studies with approval from the University of Washington’s
Institutional Review Board (#00003540). Participants were
restricted from taking part in multiple case studies to avoid any
potential carryover effects or biases (eg, learning and fatigue).

Case Study 1: Incentivizing Clinical Visits

Overview
Our first case study investigated whether the inclusion of a wait
time guarantee provides a sufficient incentive for people who
would not normally seek medical attention to change their minds
and get treatment. We explored this question in the context of
our serious medical condition scenario regarding skin cancer.
We recruited 54 respondents for this case study, and their
demographic information can be found in Table 1.

Table 1. Demographic information for the people who completed the survey in case study 1 (N=54).

Values, n (%)Survey demographics

Source

6 (11)Facebook

48 (89)ITHSa

Gender

41 (76)Female

11 (20)Male

2 (4)Gender variant/nonconforming

Age (years)

31 (57)18-24

13 (24)25-34

7 (13)35-44

1 (2)45-54

2 (4)55-64

Smartphone operating system

34 (63)iOS

20 (37)Android

Self-reported smartphone experience

32 (59)Expert or advanced

21 (39)Intermediate

1 (2)Novice or beginner

aITHS: Institute of Translational Health Sciences.

Study Design
Figure 3 shows the survey design used in this study. We
modified the intervention stage so that respondents were shown
1 of the 2 app descriptions at random. Half of the respondents
read the SkinCheck description presented in the Methods section,

whereas the other half saw the same description with the
addition of the following text to describe a wait time incentive:

Because of their mobile health initiative, [Phone
Company] has an exclusive partnership with
dermatologists across the country. People who have
a questionable mole on their skin according to

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e30474 | p.666https://humanfactors.jmir.org/2022/1/e30474
(page number not for citation purposes)

Mariakakis et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


SkinCheck are given a promotional code that they
can redeem at their local dermatologist to guarantee
a wait time no longer than 10 minutes.

As the incentive was intended to make it easier for a person to
see a clinician, we only asked respondents about how they would
react to a positive test result. The study had a single-factor
between-subjects design with the inclusion of an Incentive as
the factor of interest. As our lone modifying variable, we asked
respondents to rate how quickly they thought they would be
able to see their physician as we hypothesized that people who
did not have convenient access to a clinician would be more

influenced by the incentive. We called this variable
Convenience, and it was measured on a 7-point scale. Incentive
and Convenience were connected to all major HBM constructs
and outcome variables in our path diagrams.

This survey had a completion rate of 83% when we accounted
for respondents who ended the survey early, satisfied the
exclusion criteria, or did not correctly answer the IMC
embedded in the survey. Ignoring 2 cases where respondents
took more than an hour-long break while completing the survey,
the median survey completion time was 8 minutes.

Figure 3. The survey structure for case study 1. The inclusion of an incentive in the health intervention technology description was randomized across
respondents. HBM: Health Belief Model; HIT: health intervention technology.

TechnologyInterest
Most respondents expressed interest in using the SkinCheck
app. Of the respondents who completed the survey, 54% (29/54)
gave the highest rating possible for TechnologyInterest, 19%
(10/54) gave the second-highest rating, 13% (7/54) gave the
third-highest rating, and the remaining 15% (8/54) gave ratings
that were either neutral or worse. The heavy bias in
TechnologyInterest meant that a strong model fit could not be
found for this outcome variable (CFI=0.839; SRMR=0.131).

ActionChangePositive
Table 2 shows the causal path coefficients for the
ActionChangePositive model fit. Across all respondents who
expressed sufficient interest in using the app, 52% (24/46) said
they would not have scheduled an appointment before using
the app. After being presented with a positive test result, 75%
(18/24) changed their mind: 56% (10/18) were shown an
incentive and 44% (8/18) were not.

Table 2. Path analysis coefficients for ActionChangePositive in case study 1 (CFIa=0.951; SRMRb=0.079).c

BarriersBenefitsSusceptibilitySeriousnessActionChangeVariables

−0.0350.0240.636e−0.0026.874dAppResult

−0.361e0.5980.275−0.4061.138Incentive

−0.384f−0.1680.055−0.4920.128eConvenience

N/AN/AN/AN/Ag−0.005Seriousness

N/AN/AN/AN/A0.482eSusceptibility

N/AN/AN/AN/A0.402eBenefits

N/AN/AN/AN/A−0.791dBarriers

aCFI: comparative fit index.
bSRMR: standardized root mean square residual.
cThe columns indicate dependent variables, whereas the rows indicate independent variables.
dP<.001.
eP<.05.
fP<.01.
gN/A: not applicable.

The model fit had a large positive coefficient from AppResult
to ActionChangePositive (b=6.874; P<.001), which was
expected because respondents had to see a test result to change
their opinion. There was also a strong positive coefficient from
AppResult to PerceivedSusceptibility (b=0.636; P<.05), which
supported our intuition that a positive test result should increase
a person’s perceived likelihood of having skin cancer.

ActionChangePositive was heavily influenced by most of the
HBM constructs. The strongest influence came from
PerceivedBarriers (b=−0.791; P<.001), which was negative as
barriers make it more difficult for a person to be able to take
action.
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Although there were strong coefficients from Incentive to all
HBM constructs, the only statistically significant relationship
was from Incentive to PerceivedBarriers (b=−0.361; P<.05).
The fact that there is a negative coefficient between the 2
supported our expectation that the incentive would diminish the
obstacles that respondents would foresee in the scenarios.
Combining this finding with the strong negative coefficient
from PerceivedBarriers to ActionChangePositive implies that
Incentive had a strong positive effect on ActionChangePositive
mediated by PerceivedBarriers. However, the coefficient from
Convenience to PerceivedBarriers (b=−0.384; P<.01) is slightly
larger in magnitude than that from Incentive, which indicates
that the incentive was somewhat less important than the
convenience of getting to a clinician in the first place. Further
investigation into our data set revealed that most individuals

who decided to take action after seeing a positive test result
paired with an incentive gave less than a neutral rating for
Convenience; the Convenience ratings for the individuals who
were not shown an incentive were more evenly distributed.

Case Study 2: Presentation of Results

Overview
Our second case study investigated how the presentation of test
results may influence a person’s decision-making. We examined
whether the inclusion of visuals that explain an algorithm’s
decision would engender more trust in an app’s test result. As
before, we explored this question in the context of our serious
medical condition scenario regarding skin cancer. We recruited
54 respondents for this case study, and their demographic
information can be found in Table 3.

Table 3. Demographic information for the people who completed the survey in case study 2 (N=54).

Values, n (%)Survey demographics

Source

3 (6)Facebook

51 (94)ITHSa

Gender

45 (83)Female

8 (15)Male

1 (2)Undisclosed

Age (years)

34 (63)18-24

13 (24)25-34

2 (4)35-44

2 (4)45-54

2 (4)55-64

1 (2)Undisclosed

Smartphone operating system

39 (72)iOS

15 (28)Android

Self-reported smartphone experience

28 (52)Expert or advanced

26 (48)Intermediate

aITHS: Institute of Translational Health Sciences.

Study Design
Figure 4 shows the survey design used in this study. We
modified the postintervention stage so that respondents would
be asked to react to both positive and negative test results.
Instead of explaining the test result in a paragraph, as in the
previous case study, respondents were shown 1 of 2 result screen
concepts, illustrated in Figure 5 [47], at random. Both screens
were derived from the DermoScreen app by Wadhawan et al
[47], which explains diagnostic decisions using the ABCD rule
of dermatoscopy [59].

The study had a single-factor between-subjects design with the
inclusion of Visuals as the factor of interest. As our lone
modifying variable, we asked respondents about their highest
level of education as we hypothesized that reading
comprehension would affect their understanding of the
visualizations; we called this variable Education. Visuals and
Education were connected to all major HBM constructs and
outcome variables in our path diagrams.

This survey had a completion rate of 82% when we accounted
for respondents who ended the survey early, satisfied the
exclusion criteria, or did not correctly answer the IMC
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embedded in the survey. Ignoring 1 case when a respondent
took more than an hour-long break while completing the survey,

the median survey completion time was 9 minutes.

Figure 4. The 2 possible interface options that respondents could have been shown in case study 2 when presented with a positive test result: the
interface with text descriptions only (left) and the interface with text and visuals to illustrate how the results were obtained (right). The interfaces were
primarily inspired by the DermoScreen app by Wadhawan et al [47]. HBM: Health Belief Model; HIT: health intervention technology.

Figure 5. The two possible interface options that respondents could have been shown in Case Study 2 when presented with a positive test result: (left)
the interface with text descriptions only and (right) the interface with text and visuals to illustrate how the results were obtained. The interfaces were
primarily inspired by Wadhawan et al.’s [47] DermoScreen app.

TechnologyInterest
Most respondents expressed interest in using the SkinCheck
app. Of the respondents who completed the survey, 56% (30/54)
gave the highest rating possible for TechnologyInterest, 19%
(10/54) gave the second-highest rating, 15% (8/54) gave the
third-highest rating, and the remaining 11% (6/54) gave ratings
that were either neutral or worse. The heavy bias in
TechnologyInterest meant that a strong model fit could not be
found for this outcome variable (CFI=0.874; SRMR=0.096).

ActionChangePositive
Across all respondents who expressed sufficient interest in using
the app, there were 56% (27/48) of cases when people said that
they would not have acted before using the app. After being
presented with a positive test result, 78% (21/27) changed their
mind: 38% (8/21) were shown visuals and 62% (13/21) were
not. The inclusion of explanations clearly had an impact on
people’s reaction to the positive test result as the frequency of
ActionChangePositive was much higher than in the first case

study. In fact, there were so few cases when people did not act
even after seeing a positive test result that there was not enough
data to generate a meaningful model fit (CFI=0.644;
SRMR=0.197).

ActionChangeNegative
Table 4 shows the causal path coefficients for the
ActionChangeNegative model fit. Across all respondents who
expressed sufficient interest in using the app, there were 52%
(25/48) of cases when people said that they would have acted
before using the app. After being presented with a negative test
result, 48% (12/25) changed their mind: 50% (6/12) were shown
visuals and 50% (6/12) were not.

As ActionChangeNegative is positive when a person is swayed
to not act in the postintervention stage, we expected many of
the path coefficients to be negated relative to those observed
with ActionChangePositive in the first case study. This
expectation was confirmed in a couple of instances. First, the
negative coefficient from AppResult to PerceivedSusceptibility
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(b=−0.222; P<.05) confirmed our intuition that a negative test
result should decrease a person’s belief that they had skin cancer
in this scenario. Second, the negative coefficient from
PerceivedSeriousness to ActionChangeNegative (b=−0.220;
P<.05) showed that people who were not as concerned about
skin cancer were more likely to change their course of action.

As we hypothesized, including additional information in the
form of visuals strengthened respondents’ confidence in their
test results. This was reflected in the negative coefficient from

Visuals to PerceivedSusceptibility (b=−0.961; P<.01); when
shown a negative test result with visuals, respondents were less
likely to believe they had skin cancer. However,
PerceivedSusceptibility was not influential on
ActionChangeNegative (b=−0.056, not significant); therefore,
the inclusion of visuals had neither a direct nor indirect effect
on a person’s decision to change their action. We also found
that Education was not an influential factor for any of the
measured constructs or outcome variables.

Table 4. Path analysis coefficients for ActionChangeNegative in case study 2 (CFIa=0.961; SRMRb=0.078).c

BarriersBenefitsSusceptibilitySeriousnessActionChangeVariables

−0.3420.000−0.222e0.0006.588dAppResult

−0.610−0.591−0.961f0.2350.231Visuals

0.0550.1070.0370.0860.087Education

N/AN/AN/AN/Ag−0.220eSeriousness

N/AN/AN/AN/A−0.056Susceptibility

N/AN/AN/AN/A−0.233eBenefits

N/AN/AN/AN/A0.223Barriers

aCFI: comparative fit index.
bSRMR: standardized root mean square residual.
cThe columns indicate dependent variables, whereas the rows indicate independent variables.
dP<.001.
eP<.05.
fP<.01.
gN/A: not applicable.

Case Study 3: Accuracy

Overview
In our third and final case study, we explored the trade-off
between false positives and false negatives across medical

conditions of varying concern and severity. We leveraged all
three of our scenarios (common, serious, and stigmatizing) in
a mixed factorial study design, thus necessitating more
participants. In total, 263 respondents completed the survey
from start to finish, and their demographic information can be
found in Table 5.
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Table 5. Demographic information for the people who completed the survey in case study 3 (N=263).

Values, n (%)Survey demographics

Source

16 (6.1)Facebook

240 (91.3)ITHSa

3 (1.1)Reddit

4 (1.5)Other

Gender

202 (76.8)Female

45 (17.1)Male

5 (1.9)Transgender male

7 (2.7)Gender variant/nonconforming

1 (0.4)Self-identify

3 (1.1)Undisclosed

Age (years)

145 (55.1)18-24

84 (32)25-34

17 (6.5)35-44

8 (3.1)45-54

3 (1.1)55-64

3 (1.1)≥65

3 (1.1)Undisclosed

Smartphone operating system

170 (64.6)iOS

93 (35.4)Android

Self-reported smartphone experience

146 (55.5)Expert or advanced

115 (43.7)Intermediate

2 (0.8)Novice or beginner

aITHS: Institute of Translational Health Sciences.

Study Design
Figure 6 shows the survey design for this study, which required
changes in both the intervention and postintervention stages.
The app descriptions included information about their
classification sensitivity and specificity; sensitivity refers to the
proportion of people who are correctly identified as having the
medical condition out of all those who have it, whereas
specificity refers to the proportion of people who are correctly
identified as not having the medical condition out of all those
who do not have it. Because the general public is more adept
at reasoning about counts than fractional quantities [60], the
sensitivity and specificity rates were presented with counts and
icon arrays. An example of the accompanying text is provided
as follows:

Out of every 100 people who have a sinus infection,
SinusCheck correctly told 65 people that they had a
sinus infection.

Out of every 100 people who do not have a sinus
infection, SinusCheck correctly told 80 people that
they did not have a sinus infection.

The survey was used in a 3×3×3 mixed factorial study design.
Each respondent read all three scenarios—pink eye (common),
skin cancer (serious), and halitosis (stigmatizing)—making
ConditionType a within-subjects factor. The presentation order
of the scenarios was counterbalanced across all subjects. A total
of 3 equally spaced levels of sensitivity and specificity were
investigated—65%, 80%, and 95%—producing 9 possible
combinations that described the overall accuracy of the apps.
Each app for each respondent was assigned 1 of the 9
combinations at random, making Sensitivity and Specificity
between-subjects factors. Although there is an inherent trade-off
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between sensitivity and specificity when the underlying
classification algorithm is fixed, we treated them as independent
variables in our study design and analyses. As respondents had
to go through multiple scenarios, we shortened the survey by
only remeasuring PerceivedSusceptibility and ActionTaken
during the postintervention stage. The other major HBM
constructs were not remeasured as we assumed that they should
not be influenced by app accuracy. As such, Sensitivity and
Specificity were connected to PerceivedSusceptibility and the

outcome variables in our path diagrams, and ConditionType
was used as the grouping variable for multigroup path analysis.

This survey had a completion rate of 73% when we accounted
for respondents who ended the survey early, satisfied the
exclusion criteria, or did not correctly answer the IMCs
embedded in the survey. Ignoring 14 cases when respondents
took more than an hour-long break while completing the survey,
the median survey completion time was 16 minutes.

Figure 6. The survey structure for case study 3. Respondents were shown 3 different health intervention technologies (HITs)—1 for each ConditionType.
The 3 HITs either had the same sensitivity and varied in specificity or had the same specificity and varied in sensitivity. Respondents were asked to
react to positive and negative app results in a randomized order. Only PerceivedSusceptibility and ActionChange were remeasured in the postintervention
stages to shorten the survey length. HBM: Health Belief Model; HIT: health intervention technology.

TechnologyInterest
Table 6 shows the causal path coefficients for the
TechnologyInterest model fit. The path coefficients from
Sensitivity and Specificity to TechnologyInterest were sizable
and positive across all scenarios, confirming that higher accuracy

made the apps more attractive. In fact, the effect was so strong
that those coefficients were larger and more statistically
significant than those from the HBM constructs. This suggests
that respondents were willing to use these apps regardless of
their perception of the medical conditions’ threat as long as they
knew that the app was accurate.

Table 6. Path analysis coefficients for ActionChangeNegative in case study 3 (CFIa=0.956; SRMRb=0.075).c

Technology InterestVariables

StigmatizingSeriousCommon

0.1290.101−0.120Seriousness

0.1040.120e0.206dSusceptibility

0.268d0.357f0.416fSensitivity

0.292f0.300d0.461fSpecificity

aCFI: comparative fit index.
bSRMR: standardized root mean square residual.
cThe columns indicate dependent variables, whereas the rows indicate independent variables.
dP<.01.
eP<.05.
fP<.001.

Overall accuracy was most valued for the common condition
(Sensitivity: b=0.416, P<.001; Specificity: b=0.461, P<.001),
followed by the serious (Sensitivity: b=0.357, P<.001;
Specificity: b=0.300, P<.01) and stigmatizing (Sensitivity:
b=0.268, P<.01; Specificity: b=0.292, P<.001) conditions.
Respondents preferred apps with higher accuracy; however,
they attributed more importance to sensitivity or specificity

depending on the scenario; they placed more importance on
specificity for the common and stigmatizing conditions, whereas
they placed more importance on sensitivity for the serious
condition. Sensitivity and specificity were treated independently
in our analysis; therefore, these results do not account for the
fact that improving one metric often requires compromising the
other during the development of the classification model.
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Nevertheless, this result suggests that respondents had an
inherent knowledge about the notion of prevalence and how it
relates to diagnostic decision-making. Common and stigmatizing
conditions are typically prevalent; therefore, prioritizing
specificity may indicate that respondents were eager to use an
app’s test result to rule out having the condition. Serious
conditions are often less prevalent; therefore, prioritizing
sensitivity may indicate that respondents were eager to rule in
having the condition.

ActionChangePositive
Table 7 shows the causal path coefficients for the
ActionChangePositive model fit. Across all respondents who
expressed sufficient interest in using any of the 3 apps, there
were 56.5% (359/635) of cases when respondents said that they
would not have taken action before using the app. After being
presented with a positive test result, 46.2% (166/359) changed
their mind: 28.3% (47/166) in the common scenario, 42.2%
(70/166) in the serious scenario, and 29.5% (49/166) in the
stigmatizing scenario.

Table 7. Path analysis coefficients for ActionChangePositive in case study 3 (CFIa=0.981; SRMRb=0.078).c

StigmatizingSeriousCommonVariables

SusceptibilityActionChangeSusceptibilityActionChangeSusceptibilityActionChange

0.474e5.900d1.518d6.521d0.398d6.962dAppResult

0.204f−0.0040.0140.0110.283e−0.262Sensitivity

−0.0320.033−0.093−0.2120.095−0.095Specificity

N/A0.168N/A−0.124N/Ag−0.149Seriousness

N/A0.474dN/A0.509dN/A0.426eSusceptibility

N/A0.055N/A0.273N/A0.226eBenefits

N/A−0.038N/A−0.061N/A−0.137Barriers

aCFI: comparative fit index.
bSRMR: standardized root mean square residual.
cThe columns indicate dependent variables, whereas the rows indicate independent variables.
dP<.001.
eP<.01.
fP<.05.
gN/A: not applicable.

Although there were large positive coefficients from AppResult
to ActionChangePositive and PerceivedSusceptibility across all
scenarios, the magnitude and significance of those coefficients
varied across the medical conditions. The coefficient from
AppResult to PerceivedSusceptibility for the Serious condition
(b=1.518; P<.001) was 3 times as large and more significant
than the corresponding coefficients for the common (b=0.398;
P<.001) and stigmatizing (b=0.474; P<.01) conditions. Again,
this result suggests that respondents may have been eager to
use the positive test result from an app to rule in having a serious
condition.

Sensitivity had a significant positive effect on
PerceivedSusceptibility for the common (b=0.283; P<.001) and
stigmatizing (b=0.204; P<.05) conditions. There were also
significant positive coefficients between PerceivedSusceptibility
and ActionChangePositive in those scenarios (common:
b=0.426, P<.01; stigmatizing: b=0.474, P<.001), which means
that Sensitivity had a strong effect on ActionChangePositive
mediated by PerceivedSusceptibility in those scenarios. In other
words, respondents were more likely to be convinced to change
their course of action after seeing a positive test result when the
app had a higher sensitivity. Sensitivity did not have a significant

effect on PerceivedSusceptibility for the serious condition
(b=0.014, not significant), implying that respondents were
equally willing to accept a positive test result across the
presented sensitivity rates in that scenario. Specificity did not
have a statistically significant effect on either
ActionChangePositive or PerceivedSusceptibility for any of the
scenarios. Although sensitivity corresponds to a test’s true
negative rate, this finding is still notable as sensitivity affects
how a positive test result should be interpreted according to
Bayesian statistics.

ActionChangeNegative
Table 8 shows the causal path coefficients for the
ActionChangeNegative model fit. We note that this model had
borderline significance according to our fit statistics, satisfying
the threshold for SRMR but not for CFI. Across all respondents
who expressed sufficient interest in using any of the 3 apps,
there were 41.9% (266/635) of cases when respondents said
that they would have taken action before using the app. After
being presented with a negative test result, 51.9% (138/266)
changed their minds: 39.1% (54/138) in the common scenario,
37.7% (52/138) in the serious scenario, and 23.2% (32/138) in
the stigmatizing scenario.
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Table 8. Path analysis coefficients for ActionChangeNegative in case study 3 (CFIa=0.925; SRMRb=0.077).c

StigmatizingSeriousCommonVariables

SusceptibilityActionChangeSusceptibilityActionChangeSusceptibilityActionChange

−2.191d6.833d−0.970d6.144d−1.999d6.230dAppResult

0.0560.003−0.026−0.022−0.1960.022Sensitivity

−0.119−0.192−0.185e0.0630.094−0.103eSpecificity

N/A−0.169N/A−0.182N/Af−0.451eSeriousness

N/A−0.212dN/A−0.358dN/A−0.311dSusceptibility

N/A−0.196N/A0.125N/A0.001Benefits

N/A−0.176N/A0.083N/A0.105Barriers

aCFI: comparative fit index.
bSRMR: standardized root mean square residual.
cThe columns indicate dependent variables, whereas the rows indicate independent variables.
dP<.001.
eP<.05.
fN/A: not applicable.

As with the model fit for ActionChangePositive, there were
statistically significant coefficients from AppResult to
PerceivedSusceptibility and ActionChangeNegative; however,
their magnitude varied across ConditionType. The coefficients
from AppResult to PerceivedSusceptibility for the common
(b=−1.999; P<.001) and stigmatizing (b=−2.191; P<.001)
conditions were nearly double the corresponding coefficient for
the serious condition (b=−0.970; P<.001), suggesting that
respondents may have been eager to use the negative test result
from those apps to rule out having those conditions.

In the serious condition scenario, significant negative
coefficients were found from specificity to
PerceivedSusceptibility (b=−0.185; P<.001) and
PerceivedSusceptibility to ActionChangeNegative (b=−0.358;
P<.001). This combination of results implies that respondents
were more likely to be convinced to change their course of
action after seeing a negative test result when the app had a
higher specificity. Specificity did not have a significant effect
on PerceivedSusceptibility in either the common (b=0.094, not
significant) or the stigmatizing (b=−0.119, not significant)
conditions, indicating that respondents were equally willing to
accept a negative test result across the presented specificity rates
in those scenarios. Sensitivity did not have a statistically
significant effect on either ActionChangeNegative or
PerceivedSusceptibility for any of the scenarios, which mirrors
the earlier findings with respect to specificity and positive test
results.

Discussion

Principal Findings
We sought to develop a low-burden method for projecting the
adoption and acceptability of an HIT, given different design
variations. Our contribution toward this goal—the health concept
surveying method—supports HIT investigators in advancing
their own HITs while generating usable evidence for the broader

research community. Our 3 case studies highlight the different
types of actionable feedback and usable evidence that can be
elicited using our survey instrument without deploying a
working HIT prototype.

Our first case study showed that a wait time incentive might
support some individuals in overcoming barriers that could
prevent them from visiting a dermatologist. However, many
participants said that they would be persuaded to act without
an incentive. This result suggests that HIT developers in this
scenario may want to consider additional messaging that targets
other facets of the HBM, such as the perceived susceptibility
people have to skin cancer or the perceived benefits of seeking
a second opinion. We also found that access to convenient health
care was an important factor in people’s decision-making;
therefore, developers in this scenario may want to examine
whether this is an important issue to address for their target
audience.

Our second case study showed that SkinCheck’s baseline
explanation could be convincing enough to sway a person to
visit a clinician when they received a positive test result. The
inclusion of visuals increased individuals’ trust in negative test
results; however, this was not enough to significantly affect
people’s decision-making. In fact, we found that the main
driving factor for people who decided not to act after seeing a
negative test result was the perceived seriousness of skin cancer.
This presents an interesting challenge for HIT designers.
Lowering a person’s concern about the severity of a medical
condition could have major consequences, including the fact
that they may ignore a positive test result later on because of
their newfound understanding of the condition. Instead, HIT
designers in this scenario may want to consider using a language
that diminishes a person’s short-term concerns but encourages
repeated testing in the near future.

Our third case study suggests that researchers may want to
consider the trade-off between sensitivity and specificity in the
context of their target medical condition. Kay et al [61] elicited

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e30474 | p.674https://humanfactors.jmir.org/2022/1/e30474
(page number not for citation purposes)

Mariakakis et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


similar findings through a survey instrument they created to
understand the acceptability of precision and recall across
various sensor-based technologies. In an example involving a
home alarm system, they showed that participants were more
willing to accept false alarms when the system had a benign
intervention (eg, contacting the homeowners via SMS text
message) than when the system had an intrusive intervention
(eg, automatically alerting the police). To improve the user
experience that people have with a classifier-based application,
HIT developers may consider adjusting the final decision
threshold of their classifier to minimize errors that people are
more prone to believe. However, doing so may serve as an
expedient solution to the greater challenge of helping ordinary
people with Bayesian reasoning.

Other Design Decisions for Exploration
We explored the influence of 3 different design choices on
outcomes relevant to HITs (incentives, results presentation, and
accuracy trade-offs); however, there are many others that would
be interesting to explore in future work. One of those factors
would be the HIT’s price. When we first piloted our studies,
we stated that the apps could be purchased on app stores for US
$0.99. We selected such a low cost as we were worried that a
free app would appear illegitimate; however, an expensive app
would diminish interest to the point that we would not receive
feedback from respondents. However, some of the respondents
in our pilot study felt that a US $0.99 app appeared less
legitimate than a free app and cheap, so we instead crafted
scenarios in which the app was already included on the
respondents’ phones. The economics research community has
debated the relationship between price and perceived product
quality; some researchers argue that there is generally a positive
correlation between price and quality [62], whereas others argue
that the 2 are only correlated under contrived scenarios [63].

Another factor that influences the perceived quality of
technology is endorsements [64]. App stores, smartphone
manufacturers, special interest groups, and physicians can all
endorse technologies, serving as a seal of approval that may
imbue an HIT with legitimacy. A limitation of our survey
instrument is that it is difficult to convey an endorsement to
respondents without explicitly drawing the respondents’
attention to it. Endorsements can appear in many
places—commercials, supplemental materials, or websites—that
may not be as conspicuous as mentioning would be done in the
survey. Determining a more natural way of introducing
endorsements within health concept surveying could be a
potential avenue for future work.

Alternative and Complementary Approaches
Health concept surveying is one of many early-stage quantitative
research methods that developers and designers can use to
further their understanding of HITs. Conjoint analysis and
discrete choice experiments elicit preferences by asking
participants to pick between options with 1 or many feature
variations in a head-to-head comparison [65]. Another relevant
technique is judgment analysis [66,67], where feature
preferences are gathered by comparing the decisions that
participants make in hypothetical scenarios against a predefined
oracle or reference group. All of these methods have been used

to investigate people’s decision-making in the health domain
[68-70]; however, health concept surveying has the advantage
of being designed so that investigators can project both the
adoption of an HIT and the acceptability of an HIT’s
suggestions. By accounting for intrinsic and extrinsic factors
that can influence these distal outcomes, health concept
surveying is able to elicit usable evidence that HIT developers
and designers can apply to their own HITs.

We view health concept surveying as being complementary to
qualitative research methods such as focus group interviews,
which give participants the chance to verbalize their thoughts
and decision-making in a richer way than what can be gathered
through a survey. That said, health concept surveying is far
more efficient to scale. Focus groups must be run with 5 to 10
participants at a time, and investigators must often conduct
multiple sessions to reach diverse populations or gather feedback
on new design iterations. Each new session incurs an additional
time investment for both the interviews and the qualitative
analyses, making focus groups difficult to scale as an HIT
evolves. In addition, focus groups have known confounds such
as group-think or dominance by 1 or 2 individuals, even in light
of techniques to mitigate these confounds [71]. With health
concept surveying, adding more participants simply requires
distributing the survey to more people and then rerunning the
same analysis code as before, imposing no additional burden
beyond what is required for recruitment. Health concept
surveying also helps investigators systematically analyze the
influence of all the variables involved in people’s
decision-making, which can otherwise be difficult for
participants to articulate and for investigators to translate into
usable evidence. We hope that our work inspires HCI
researchers to explore how people can incorporate psychological
frameworks into other evaluation techniques.

Limitations
Several psychological frameworks for explaining behavior rely
on the belief that intention is a strong predictor of behavior. The
correlation between intention and behavior has been supported
by research on health-related topics such as dieting [72],
physical activity [73,74], and weight loss [75]. Nevertheless,
people’s behavioral intentions or expected actions do not always
lead to completing the action because of the emergence of
unforeseen barriers or changing beliefs over time. Psychologists
have called this phenomenon the intention–behavior gap [76,77].
This potential disconnect exists in most early-stage evaluation
methods; however, the gap may be particularly relevant to health
concept surveying as intention in scenario-based study designs
may not translate to real-world actions, and there are no
consequences to hypothetical decisions. Despite these
shortcomings, there are steps that HIT investigators can take to
engender more confidence in their survey responses. We
recruited respondents from the public; however, developers and
designers who are creating an HIT for a specific audience may
want to recruit participants who are either in an at-risk
demographic or actively seeking solutions in the HIT’s target
domain. As realism is an important mediator in the
intention–behavior gap, we also suggest that investigators craft
their scenarios with the help of domain experts to make the
scenarios as realistic as possible. Investigators could even add
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questions to their surveys that measure the degree to which
respondents resonate with their scenarios; such measures could
be used to either filter responses or create an additional
modifying variable in the analyses.

HIT investigators may also want to consider focusing on
short-term actions rather than long-term goals (eg, I intend to
eat more vegetables for dinner today vs I intend to lose 10
pounds this month) when querying how a person would respond
to an HIT; intention is believed to be a weaker predictor for
long-term goals as completing them requires more self-efficacy
and coordination to complete [76]. Finally, the health action
process approach of Schwarzer [78] separates preintentional
motivation and postintentional volition when measuring the
likelihood of action; therefore, doing the same in health concept
surveying may be beneficial.

To ensure that we were collecting meaningful responses, we
also had to create plausible scenarios. We validated the scenarios
used in our work through a pilot study using an abridged version
of our survey instrument. Researchers who are investigating
high-level questions as we did in our third case study would
want to repeat this procedure; however, an HIT developer
interested in advancing a particular HIT design while generating
usable evidence may only need to assess scenario plausibility.
We used a single question that explicitly asked respondents how
plausible they believed a scenario to be; however, future
researchers may want to investigate the nuances of plausibility

through multiple questions. A person may believe a scenario is
plausible as the health issue in question is common for their
demographic or to people who engage in similar behaviors, or
they may believe it is plausible because they do not have enough
knowledge about the issue to know better. Researchers interested
in examining HIT design decisions across multiple scenarios
may also want to consider making their scenarios publicly
available for future use. Sharing a common set of prevalidated
scenarios would standardize the context of findings related to
the same topic (eg, physical activity, step counting, and
exercise).

Conclusions
As more HITs transition from research to practice, it is important
for HCI researchers to examine how those technologies will be
received by the general population. Although one-off user
studies provide actionable feedback for a specific HIT, they
rarely provide insights that benefit other HIT creators. Our
method, health concept surveying, attempts to strike a balance
between actionable feedback and usable evidence. Using the
HBM, health concept surveying disentangles proximal cognitive
factors from HIT design decisions to explain how and why
certain features are preferred. We used health concept surveying
in 3 case studies to demonstrate the range of questions it can
support and discussed the implications of the findings in each
case. We hope that researchers will continue using health
concept surveying in the future to better our understanding of
HITs and accelerate their development.
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Abstract

Background: Partnerships between academic institutions and public care agencies (public–academic partnerships [PAPs]) can
promote effective policy making and care delivery. Public care agencies are often engaged in PAPs for evidence-informed policy
making in health care. Previous research has reported essential partnership contextual factors and mechanisms that promote
evidence-based policy making and practice in health care. However, the studies have not yet informed whether public care agency
leaders’ and academic researchers’ perceptions of partnership purpose formulation and coalition building evolve through the PAP
life cycle and whether public care agency leaders’ use of research evidence differs through life cycle stages.

Objective: This exploratory study aims to focus on PAPs designed to improve youth mental health and well-being outcomes.
This study also aims to identify public care agency leaders’ and academic researchers’ perceptions of PAP purpose formulation
(structure, goals, primary function, and agenda-setting process) and coalition building (mutual benefits, trust, convener’s role,
member role clarity, and conflict management) by PAP life cycle stage and examine whether public care agency leaders’ use of
research evidence differs according to the perception of PAP purpose formulation and coalition building through the PAP life
cycle.

Methods: A web-based survey of PAP experience was conducted by recruiting academic researchers (n=40) and public care
agency leaders (n=26) who were engaged in PAPs for the past 10 years. Public care agency leaders additionally participated in
the survey of the Structured Interview for Evidence Use scale (n=48).

Results: Most public care agency leaders and academic researchers in PAPs formed, matured, and sustained perceived their
PAP as having purpose formulation context well aligned with their organizational purpose formulation context, pursuing mutual
benefits, having leadership representation and role clarity, having a higher level of trust, and knowing how to handle conflicts.
Most PAPs across all life cycle stages crystallized another issue to focus, but not all PAPs with issue crystallization had purpose
reformulation. Public care agency leaders who trusted academic researchers in their PAP had greater use of research evidence.
Public care agency leaders in PAPs that had gone through new issue crystallization also showed greater use of research evidence
compared with those that had not.

Conclusions: To promote public care agency leaders’ use of research evidence, focusing on developing trusting partnerships
and continuously crystallizing PAP issues are important.
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Introduction

Background
Partnerships between academic institutions and public care
agencies (public–academic partnerships [PAPs]) can promote
effective public policy making and care delivery. For example,
local US public health departments that formally partner with
academic institutions are more likely than those not engaged in
partnership with academic institutes to make evidence-based
policy making and implement evidence-based interventions in
health care delivery [1]. Previous studies have demonstrated
the important role of PAPs in training service providers [2-5],
supporting the implementation of promising evidence-based
practices [3-7], and conducting systems evaluation that inform
policy development and program planning [2,4]. Such
partnerships have effectively responded to the need for
additional, more diverse, and more inclusive mental health and
child welfare services [2,3,8-10].

Although previous studies have demonstrated the positive impact
of PAPs on youth mental health and well-being outcomes, few
empirical studies have examined whether and how PAP contexts
and mechanisms evolve through the PAP life cycle and which
PAP contexts and mechanisms foster public agency leaders’
use of research evidence to improve youth mental health and
well-being [11]. Public mental health and child welfare agencies
are expected to increase the use of evidence-based care to
improve mental health and well-being of vulnerable youth
[12-16]. Many public care agencies partner with academic
researchers to meet these expectations. Considering the
multifaceted nature of public mental health and child welfare
systems in the United States [17-20], it is important to develop
a better understanding of the context and mechanisms that
promote successful PAPs and evidence use by policy makers
to improve youth outcomes.

This study has 3 aims. First, we describe a new integrated
framework to understand PAP development through the PAP
life cycle and potential PAP contexts and mechanisms that foster
public care agency leaders’ use of research evidence. Second,
we summarize the literature to provide empirical support for
the integrated framework, focusing on the contexts and
mechanisms of PAP purpose formulation and coalition building.
Third, we report our study that comprehensively explored the
relationship between PAP purpose formulation and coalition
building and public care agency leaders’ use of research
evidence by PAP life cycle stages of formed, matured, sustained,
declining, and terminated.

Key PAP Process
Although research on individual components of the partnership
process has revealed important information about factors that
support successful partnerships, the literature has yet to bring
these components together into an integrated framework [11].
Such a framework would offer a way to examine the totality of
PAPs, including the contexts in which they initiate and mature,
the mechanisms that propel them forward, and the outcomes
that they define and achieve at various stages in relation to
public care agency leaders’ use of research evidence. The
integrated framework by Kang-Yi [11] introduces concrete

components of partnership purpose formulation and coalition
building as the key contexts and mechanisms of PAPs that lead
to policy makers’ use of research evidence. The framework
consists of three theoretical perspectives: the social partnerships
perspective [21,22], the organizational life cycle perspective
[23-26], and the realist evaluation perspective [27,28].

On the basis of the social partnerships and organizational life
cycle perspectives [21,25], the integrated framework posits that
PAPs that continuously reformulate partnership purposes and
build coalitions are likely to successfully evolve through life
cycle stages of being formed, matured, and sustained. Public
care agency leaders in successful PAPs (being matured or
sustained compared with being just formed, declining, or
terminated) are more likely to use research evidence. According
to the social partnerships perspective by Waddock [21], purpose
formulation processes include identifying clear goals and the
primary function of partnership, creating a partnership structure,
and setting partnership agenda. Coalition building processes
include pursuing mutual benefits for each partner, building trust
among partners, solidifying the convener’s role, clarifying the
roles of all parties, and managing conflict [21]. The realist
evaluation perspective provides a methodology for configuring
contexts, mechanisms, and outcomes to examine the interplay
of partnership purpose formulation, coalition building, and
public care agency leaders’ use of research evidence in each
PAP life cycle stage and overall evolvement of PAP [27-29].
The integrated framework emphasizes continuous purpose
formulation and coalition building to adjust to changing
partnership environment, sustain PAP, and promote public care
agency leaders’ use of research evidence.

Purpose Formulation

Agenda-Setting
One key ingredient in successful PAPs is the development of a
clear purpose formulation among partners. Focusing on the
needs of policy makers [2,6,30-32] and having public care
agency representatives who are also skilled researchers driving
the agenda-setting process are important [2].

Goals
Setting clear goals for a PAP is an important aspect of achieving
and measuring success. Clear PAP goals have the power to keep
partners focused on working toward positive outcomes [10].
PAPs in which goals are aligned with the goals of each
partnering entity can contribute to the success and longevity of
those PAPs [4-6]. PAPs with clear goals can promote the use
of evidence by policy makers [30].

Primary Function
PAPs can play diverse primary functions, including generating
knowledge related to the development and implementation of
evidence-based policy making and practices, generalizing
practices to a larger population, disseminating knowledge related
to the implementation of evidence-based practices, and offering
technical assistance, such as professional training and program
evaluation in improving service quality and outcomes [11].
Given that public care agencies and academic institutes pursue
diverse missions and primary functions, alignment in primary
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functions between a public care agency and an academic
research institute can influence PAP sustainability and use of
evidence by policy makers.

Structure
A partnership structure involves shaping governance processes,
agreements around dissemination of findings, data sharing,
business arrangements, ethics approvals, determining partnership
mission, and general coordination among the partners
[5,7,31-34]. The degree and quality of formalized structure
shapes the extent of PAP success [5,32,35].

Partnership Coalition Building
Previous studies have shown that coalition building, including
mutual benefits and trust, plays a critical role in successful
partnerships and in promoting the use of evidence by policy
makers. The key dimensions of partnership coalition building
include mutual benefits, trust, convener’s role, member role
clarity, and conflict management.

Mutual Benefits
Successful PAPs are found to pursue mutual benefits, such as
having specific agreement that ensures strategic advantages for
both parties, smoother facilitation of contracts, financial
incentives for the university, conducting actionable research,
offering innovative ideas, improving the quality of services,
offering researchers the benefit of evaluating a new theoretical
model, and facilitating knowledge translation to direct practice
[10,30,34-36]. Although PAPs offer a range of mutual benefits,
they are not without risk. For example, time, effort, and cost of
work are costs for all parties involved [36]. Risks specific to
researchers include opportunity costs of spending time on
projects that may not lead to publications and the potential
negative impact of a changing political environment [34,36].
Risks for policy makers include spending social capital to justify
engagement in the PAP, working with researchers who might
not appreciate the complexity involved in the PAP work, the
potential that research outcomes might not be practical, and the
unknown impact the partnership may have on the organization
[34,36].

Trust
Trust is another vital component of partnerships’ success. Trust
plays a key role in the sustainability of partnerships, leading to
continued work, additional projects, and system-level changes.
Trusting relationships among partners also support PAPs in
weathering leadership changes, particularly when that work has
become integral to the functioning of an agency, promoting
more efficient and purposeful engagement of policy makers in
the research process [31,36]. Trust among partners may also
facilitate the use of evidence by policy makers. For example,
some PAPs appoint personnel specifically to serve as
relationship cultivators and to seek input into research questions
to be explored by PAPs [30].

Convener’s Role
PAPs need conveners to bring partners together into a
partnership formation. Previous studies have documented the
importance of such a role in bringing partners together in
long-standing relationships within both organizations,

identifying problem areas and developing initiatives in response,
maintaining the necessary structure of PAP to disseminate the
information generated by the partnership, and promoting the
use of research evidence by policy makers [33,35,37].
Individuals who possess knowledge spanning both research and
policy realms can support translating knowledge into the policy
process [35].

Role Clarity
Clear delineation of roles among partners related to developing
research questions and methodology as well as the eventual
dissemination of the findings is important for successful PAPs
[30,33]. In addition, clear communication between partners
about how decisions are to be made and whether researchers
can provide policy recommendations is critical [10], as these
decisions can make a difference in informing policy makers and
promoting the use of research evidence among policy makers.
Partnerships that are slow in building comprehensive leadership
teams and having members who are unsure of their roles can
delay the generation of useful evidence for policy.

Conflict Management
Conflict is not unusual in the life of a partnership. Disagreement
over project aims and funding [30] and other partnership
processes, such as agenda-setting and contracting, can increase.
Effective conflict management skills are important in building
successful PAPs that lead to the use of research evidence in
policy making.

This Study: Web-Based Survey of PAPs
Our study aims to focus on PAPs designed to improve youth
mental health and well-being. This study also aims to identify
whether contexts and mechanisms of PAP partnership purpose
formulation (structure, goals, and primary function as contexts
and agenda-setting process as mechanism) and coalition building
(convener’s role, leadership representation, role clarity, and
conflict management as contexts and mutual benefits and trust
as mechanisms) evolve through PAP life cycle stages (formed,
matured, sustained, declining, and terminated). We also
examined whether public care agency leaders’ use of research
evidence differs according to their perception of the PAP life
cycle stage, purpose formulation, and coalition building.
Research evidence was defined as relevant conceptual
frameworks or reviews and empirical findings from systematic
qualitative, quantitative, or mixed research methods projects
[38]. The study was approved by the institutional review board
of the University of Pennsylvania (see Kang-Yi [11] for the
published study protocol).

Methods

Sampling and Participant Recruitment
A web-based survey of PAP partnership experience and use of
research evidence was conducted by recruiting academic
researchers and public care agency leaders who were engaged
in PAPs. See Page et al [39] for a detailed discussion of the
approach used to identify PAP researchers and public care
agency leaders. To recruit public care agency leaders and
academic researchers who were engaged in PAPs, we identified
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PAPs through two primary methods: a web-based search of
peer-reviewed journals and Google for key terms related to
youth-focused PAPs and national and local meetings of
professionals and researchers in the fields of mental health and
child welfare. A total of 87 PAPs were identified, which met
the following criteria: formed on a project, program, or
intervention basis or as a consortium; aimed to improve mental
health and well-being outcomes for youth aged 12-25 years;
and comprised at least one or more state or local county mental
health and child welfare agencies and one or more academic
researchers. PAPs focused on youth outside the United States
or established outside the United States and PAPs terminated
within 10 years before the study initiation in 2017 were
excluded. Of the 87 PAPs identified, we reached out to at least
one public care agency leader in 67 PAPs and at least one
academic researcher in 83 PAPs.

Once we identified researchers and public care agency leaders,
we emailed them a link to the web-based survey along with
introductory information about the nature of the study. A US
$35 gift card was offered for full completion of a survey.
Respondents were informed that the link was unique to them
and asked not to share it with others. Data were collected from
March 2019 to February 2020. The survey was tested for
usability and accuracy by the research team and a small number
of colleagues before being shared with potential respondents.
In addition, the Checklist for Reporting Results of Internet
E-Surveys [40] was used to report the survey as needed.

Survey Measures
To respond to the survey questionnaire, the participants were
asked to focus on the latest PAP or one of the PAPs for the past
decade if they were not engaged in PAP at the time of the
survey. The Structured Interview for Evidence Use (SIEU) [41]
was used to identify public care agency leaders’ engagement
level of research evidence, which refers to the frequency of
using various types of sources for research evidence; public
care agency leaders’ ratings of the importance of evaluating the
validity, reliability, and relevance of research evidence; and
various factors leading public care agency leaders to use or
ignore research evidence in deciding to adopt a new program
or intervention. The SIEU was developed based on the posit
that research use is driven by context and social relationships
[41]. Thus, SIEU as a tool reflects the integrated conceptual
framework being tested in this study. SIEU includes input,
process, and output scales. The input scale (20 items) assesses
the source of research evidence that public care agency leaders
obtain. The process scale assesses how public care agency
leaders evaluate the research evidence obtained and includes 3
subscales of self-assessment for validity and reliability of
research evidence (10 items), reliance on others (5 items), and
self-assessment for relevance (5 items). The output scale (20
items) assesses whether public care agency leaders eventually
use the research evidence or ignore the evidence. The
measurement responses use a 5-point Likert-type scale ranging
from 1 (not at all) to 5 (all the time) for the items contained in
the input scale and a 5-point Likert-type scale ranging from 1
(not important) to 5 (very important) for the items contained in
the process and output scales. Each subscale measure and the
total SIEU score are represented as average scores. Higher scores

indicate higher agreement with the sources of evidence obtained
for the input scale, more frequent evaluation of research
evidence for the process scale, and greater use of research
evidence for the output scale. SIEU has shown high internal
consistency reliability (Cronbach α=.88) [41].

The PAP experience survey was developed for this study [11].
The questionnaire included 41 questions that were based on the
potential PAP context, mechanism, and outcome configuration
developed for the study [11,39]. These questions included both
a Likert-type scale and open-ended questions. The survey items
focused on the following four areas: (1) partnership purpose
formulation (structure, goals, primary function, and
agenda-setting process), (2) perceptions of partnership coalition
building (mutual benefit, trust, convener’s role, leadership
representation, role clarity, and conflict management), (3)
perception of the PAP life cycle stage, and (4) public care
agency leaders’ use of research evidence. We built and
administered the web-based survey in the Research Electronic
Data Capture [42], a secure web-based data collection tool that
includes data entry forms and web surveying features.

A total of 48 public care agency leaders participated in the
web-based SIEU survey scale [41], and 40 academic researchers
and 26 public care agency leaders participated in the PAP
experience survey. The survey response rates were 72% (48/67)
for the SIEU survey, 48% (40/83) for academic researchers’
PAP experience survey, and 39% (26/67) for public care agency
leaders’ PAP experience survey.

Analysis
The reliability of the SIEU was calculated using Cronbach α
internal consistency for each of the subscales and the overall
scale. Frequencies, percentages, and mean scores were calculated
to identify (1) public care agency leaders’ and academic
researchers’ ratings of alignment between PAP structure, goals,
primary function, and agenda-setting process and their
organizational structure, goals, primary function, and
agenda-setting process by PAP life cycle stage (formed,
matured, sustained, declining, and terminated); (2) public care
agency leaders’ and academic researchers’ ratings of PAP
coalition building (mutual benefits, trust, convener’s role,
leadership representation, role clarity, and conflict management)
by PAP life cycle stage; (3) public care agency leaders’ and
academic researchers’ ratings of their partnership outcomes
(identifying another issue to focus on and reformulate PAP
purpose); and (4) public care agency leaders’ use of research
evidence by the ratings of PAP life cycle stage, purpose
formulation, and coalition building.

The original study design [11] was to recruit academic
researchers and public care agency leaders in pairs. However,
because of the low response rate for the PAP experience survey,
we conducted group-level analysis for public care agency leaders
and academic researchers, respectively, instead of conducting
the analysis in pairs.
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Results

Demographic Characteristics and Work Experience
of Study Participants
As shown in Multimedia Appendix 1, public care agency
leaders’ age and years of experience in the fields were
distributed evenly. Of the public care agency leaders who
answered the demographics and work experience questions,
most (20/31, 65%) held a master’s degree. More than two-thirds
of the public care agency leaders were women (21/31, 68%)
and White (22/31, 71%). More than two-thirds of public care
agency leaders (21/31, 68%) reported being at their current
organizations for more than 10 years. More than three-fourths
of public care agency leaders (24/31, 77%) had been involved
in their current PAP for fewer than 10 years. The PAP roles
they played were diverse and distributed evenly, and most
(23/31, 74%) of public care agency leaders reported having
been engaged in 5 or fewer PAPs.

As shown in Multimedia Appendix 2, academic researchers’
age and years of experience were also evenly distributed as were
years at the current organization. Of the academic researchers
who answered the demographic and work experience questions,
most were women (30/40, 75%) and White (33/40, 83%) and
held a doctoral degree (26/40, 65%). More than one-fourth of
the academic researchers (11/40, 28%) had been involved with
their current PAP for more than 10 years. The PAP roles they
played were diverse, and only under one-third (11/40, 28%)
identified their role as principal investigator, lead evaluator,
and university lead.

PAP Life Cycle Stages and SIEU Scale Scores
The average total SIEU score was 3.1 (SD 0.81; range 0.9-4.1).
The internal consistency reliability of the SIEU based on the
study sample was high (Cronbach α=.89). The mean score for
the SIEU Input scale, the assessment of the source of research

evidence that public care agency leaders obtain, was 2.9 (SD
0.46; range 1.8-3.9). The internal consistency reliability of the
input scale was a Cronbach α value of .80. The mean SIEU
process scale, the assessment of how public care agency leaders
evaluate research evidence obtained, was 3.8 (SD 0.68; range
0.4-4.8). The internal consistency reliability of the process scale
was a Cronbach α value of .85. The mean SIEU output scale,
the assessment of public care agency leaders’ use of research
evidence, was 3.1 (SD 0.74; range 0.2-3.9). The internal
consistency reliability of the output scale was a Cronbach α
value of .74.

As shown in Figure 1, 56% (15/26) of the public care agency
leaders answered that their PAP was in a sustained stage, 22%
(6/26) answered that their PAP was matured but did not reach
a sustained stage yet, 11% (3/26) answered that their PAP was
terminated at the time of the survey, 7% (2/26) answered that
their PAP was declining, and 4% (1/26) answered that they were
unsure about the stage of their PAP life cycle. None of the public
care agency leaders answered that their PAP was formed but
not matured yet.

For academic researchers, 45% (18/40) of the academic
researchers answered that their PAP was in a sustained stage,
18% (7/40) answered that their PAP was matured but did not
reach a sustained stage yet, 18% (7/40) answered that their PAP
was formed but not reached a matured stage yet, 10% (4/40)
answered that their PAP was declining, and another 10% (4/40)
answered that their PAP was terminated.

For public care agency leaders’use of research evidence (Figure
1), the public care agency leaders who answered that their PAP
was declining had the highest SIEU output score (mean score
3.6, SD 0.42), followed by those who answered that their PAP
was terminated (mean score 3.4, SD 0.13), those who answered
that their PAP was mature but did not reach a sustained stage
yet (mean score 3.3, SD 0.24), and those who answered that
their PAP was sustained (mean score 3.3, SD 0.32).
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Figure 1. Public care agency leaders’ perception of public–academic partnership life cycle stage and the Structured Interview for Evidence Use score.
PAP: public–academic partnership; SIEU: Structured Interview for Evidence Use.

Perceptions of Purpose Formulation Context and
Mechanism (Primary Function, Goals, Structure, and
Agenda-Setting Process) and PAP Life Cycle Stage
As shown in Table 1, for PAPs in matured and sustained stages,
only one public care agency leader in each group (1/6, 17% and
1/7, 7% of the PAPs, respectively) perceived the primary
function of their PAP as perfectly aligned with the primary
function of their organization. None of the public care agency
leaders in PAPs declining and PAPs terminated perceived
perfect alignment. A total of 4 academic researchers in formed,
matured, and sustained PAPs (1/7, 14%; 1/7, 14%; and 2/17,
12% of the PAPs, respectively) perceived the primary function
of partnership as perfectly aligned with the primary function of
their organization.

Regarding the alignment of structures between PAP and
partnering organizations, more than 86% (57/66) of both public
care agency leaders and academic researchers answered that
the structures were fairly well to perfectly aligned across all
PAP life cycle stages. Three of the academic researchers in
declining and terminated PAPs (2/4, 50% and 1/4, 25% of the
PAPs, respectively) perceived very little alignment in the
structures, whereas all public care agency leaders in PAPs
declining and terminated perceived very well or perfectly

well-aligned structures. All public care agency leaders perceived
their PAP goals as fairly well to perfectly aligned with their
organizational goals across all PAP life cycle stages. On the
other hand, 2 of the academic researchers in PAPs declining
and terminated (2/8, 25% of the PAPs) perceived their PAP
goals as very little aligned with their organizational goals.

As shown in Table 2, 3 of the 5 public care agency leaders in
the PAPs declining and terminated, perceived their PAP
agenda-setting process as not at all or very little driven by the
public care agency leaders. Academic researchers’ perception
was similar; 3 of the 15 academic researchers in the PAPs
formed, declining, and terminated perceived their PAP
agenda-setting process as not at all or very little driven by public
care agency leaders. More than 97% (30/31) of academic
researchers in formed, matured, and sustained PAPs perceived
their PAP agenda-setting process as driven by public care agency
leaders. Almost half of the public care agency leaders (n=12)
perceived very little of their PAP agenda process as driven by
academic researchers, and this was consistent regardless of their
perception of the PAP life cycle stage. The academic
researchers’ perceptions were similar. Regardless of the PAP
life cycle stage, almost half of academic researchers (n=18)
perceived their PAP agenda-setting as not at all or very little
driven by the researcher.
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Table 1. Public–academic partnership purpose formulation context: perception of alignment in primary function, structure, and organizational goals

(public care agency leaders [N=26] and academic researchers [N=40])a.

Terminated, n (%)Declining, n (%)Sustained, n (%)Matured, n (%)Formed, n (%)Parameters

Academic
researchers
(n=4)

Public
care
agency
leaders
(n=3)

Academic re-
searchers
(n=4)

Public
care
agency
leaders
(n=2)

Academic
researchers
(n=17)

Public
care
agency
leaders
(n=15)

Academic
researchers
(n=7)

Public
care
agency
leaders
(n=6)

Academic re-
searchers
(n=7)

Public
care
agency
leaders
(n=0)

Primary functionb

1 (25)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)N/AcNot at all

0 (0)0 (0)1 (25)0 (0)0(0)0 (0)0 (0)0 (0)0 (0)N/AVery little

0 (0)1 (33)2 (50)0 (0)2 (12)3 (20)0 (0)2 (33)2 (29)N/AFairly well

1 (25)2 (67)0 (0)1 (50)4 (24)2 (13)3 (42)0 (0)3 (43)N/AQuite well

2 (50)0 (0)1 (25)1 (50)9 (53)7 (47)3 (42)3 (50)1 (14)N/AVery well

0 (0)0 (0)0 (0)0 (0)2 (12)1 (67)1 (14)1 (17)1 (14)N/APerfectly

0 (0)0 (0)0 (0)0 (0)0 (0)1 (67)0 (0)0 (0)0 (0)N/ADo not know
or unsure

Structure alignmentd

0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)1 (14)N/ANot at all

1 (25)0 (0)2 (50)0 (0)0 (0)1 (67)0 (0)1 (17)1 (14)N/AVery little

1 (25)0 (0)1 (25)0 (0)2 (12)5 (33)1 (14)2 (33)1 (14)N/AFairly well

1 (25)1 (33)1 (25)1 (50)5 (29)3 (20)4 (57)0 (0)2 (29)N/AQuite well

1 (25)2 (67)0 (0)1 (50)8 (47)5 (33)1 (14)3 (50)2 (29)N/AVery well

0 (0)0 (0)0 (0)0 (0)2 (12)1 (67)0 (0)0 (0)0 (0)N/APerfectly

0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)1 (14)0 (0)0 (0)N/ADo not know
or unsure

Organizational goalse

0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)N/ANot at all

1 (25)0 (0)1 (25)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)N/AVery little

0 (0)1 (33)2 (50)0 (0)2 (12)4 (27)0 (0)1 (17)2 (29)N/AFairly well

1 (25)1 (33)0 (0)1 (50)3 (18)2 (13)3 (43)1 (17)1 (14)N/AQuite well

2 (50)1 (33)1 (25)1 (50)10 (59)8 (53)3 (43)4 (67)3 (43)N/AVery well

0 (0)0 (0)0 (0)0 (0)2 (12)1 (67)1 (14)0 (0)1 (14)N/APerfectly

0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)N/ADo not know
or unsure

aFor each cell, the within-column percentages of public care agency leaders’ and academic researchers’ perceptions are presented.
bResponse missing for public care agency leaders (n=1); response missing for academic researchers (n=1).
cN/A: not applicable.
dResponse missing for public care agency leaders (n=0); response missing for academic researchers (n=1).
eResponse missing for public care agency leaders (n=0); response missing for academic researchers (n=1).
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Table 2. Public–academic partnership (PAP) purpose formulation mechanism (agenda-setting process; public care agency leaders [N=26] and academic

researchers [N=40])a.

Terminated, n (%)Declining, n (%)Sustained, n (%)Matured, n (%)Formed, n (%)Parameters

Academic
researchers
(n=4)

Public
care
agency
leaders
(n=3)

Academic
researchers
(n=4)

Public
care agen-
cy leaders
(n=2)

Academic
researchers
(n=17)

Public
care
agency
leaders
(n=15)

Academic
researchers
(n=7)

Public
care
agency
leaders
(n=6)

Academic
researchers
(n=7)

Public
care
agency
leaders
(n=0)

Perception of PAP agenda driven by researchersb

1 (25)1 (33)0 (0)0 (0)2 (12)3 (20)1 (14)1 (17)0 (0)N/AcNot at all

1 (25)1 (33)3 (75)1 (50)6 (35)4 (27)1 (14)1 (17)3 (43)N/AVery little

1 (25)0 (0)0 (0)0 (0)2 (12)2 (13)0 (0)2 (33)2 (29)N/AFairly well

0 (0)0 (0)1 (25)1 (50)3 (24)1 (7)2 (29)1 (17)2 (29)N/AQuite well

1 (25)1 (33)0 (0)0 (0)1 (6)3 (20)3 (43)1 (17)0 (0)N/AVery well

0 (0)0 (0)0 (0)0 (0)1 (6)0 (0)0 (0)0 (0)0 (0)N/APerfectly

0 (0)0 (0)0 (0)0 (0)1 (6)0 (0)0 (0)0 (0)0 (0)N/ADo not know
or unsure

Perception of PAP agenda driven by public care agency leadersd

1 (25)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)N/ANot at all

0 (0)1 (33)2 (50)1 (50)0 (0)0 (0)0 (0)0 (0)1 (14)N/AVery little

1 (25)1 (33)2 (50)0 (0)3 (18)6 (40)1 (14)1 (17)0 (0)N/AFairly well

1 (25)1 (33)0 (0)1 (50)5 (29)3 (20)5 (71)3 (50)4 (57)N/AQuite well

1 (25)0 (0)0 (0)0 (0)7 (41)5 (33)1 (14)2 (33)2 (29)N/AVery well

0 (0)0 (0)0 (0)0 (0)2 (12)1 (7)0 (0)0 (0)0 (0)N/APerfectly

0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)N/ADo not known
unsure

aFor each cell, within-column percentages of public care agency leaders’ and academic researchers’ perception are presented, respectively.
bResponse missing for public care agency leaders, (n=2); response missing for academic researchers (n=1).
cN/A: not applicable.
dResponse missing for public care agency leaders, (n=0); response missing for academic researchers (n=1).

PAP Coalition Building Context (Convener’s Role,
Leadership Representation, Role Clarity, and Conflict
Management) and PAP Life Cycle Stage
As shown in Table 3, most public care agency leaders and
academic researchers in PAPs formed, matured, and sustained
had a convener who gathered people together to carry out
partnership processes, such as issue crystallization, partnership
coalition building, and agenda-setting. In total, 3 of the 8
academic researchers in PAPs declining and terminated (2/4,
50% and 1/4, 25% of the PAPs, respectively) and 1 public care
agency leader (1/3, 33%) in PAPs terminated answered that
their PAPs were missing a convener.

Public care agency leaders’ perceptions of clear leadership
representation and role clarity did not differ according to the
PAP life cycle stage. Approximately 27% (4/15) of public care
agency leaders in PAPs sustained answered that their PAP rarely
or only occasionally had leadership representation and role
clarity. Overall, 30 academic researchers (30/40, 75% of all
academic researchers) answered that their PAP always had
leadership representation and clear roles.

Most public care agency leaders and academic researchers
answered that they experienced partnership conflict across all
PAP life cycle stages, except for PAPs in a formed stage. Most
public care agency leaders (up to 23/26, 88%; range 67%-100%
across all PAP life cycle stages) answered that PAP members
knew how to manage partnership conflicts. Most academic
researchers in PAPs formed, matured, and sustained (up to
29/31, 94%; range 86%-100%) answered that their PAP
members knew how to handle partnership conflicts. In total, 3
of the 8 academic researchers in PAPs declining and terminated
answered that their PAP members knew how to handle
partnership conflicts.

As shown in Table 4, public care agency leaders’ trust in
researchers, academic researchers’ trust in public care agency
leaders, and perception of pursuing mutual benefit in partnership
agenda-setting did not show meaningful patterns by the PAP
life cycle stage. Researchers’ perception of PAPs pursuing
mutual benefit in partnership agenda-setting differed according
to the PAP life cycle stage. Most researchers (30/31, 97%) in
PAPs formed, matured, and sustained perceived their PAP very
frequently or always pursuing mutual benefit and used to pursue
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mutual benefit in setting partnership agenda. PAPs sustained
had the highest percentage of academic researchers (6/17, 35%)
answering their PAP always pursued mutual benefits.

As shown in Table 5, across all PAP life cycle stages, most
public care agency leaders and researchers answered that their
PAP resulted in focusing on another issue. Academic
researchers’ perception of their partnership leading to focus on
another issue was the highest among PAPs matured (6/7, 86%),

followed by PAPs sustained (14/17, 82%), PAPs declined (3/4,
75%), PAP terminated (2/4, 50%), and PAPs formed (3/7, 43%).
More than two-thirds of the researchers (4/5, 67%) in PAPs
matured answered that focusing on a new issue led to
reformulating the PAP agenda-setting process. The majority of
public care agency leaders (10/16, 63%) answered that the new
issue did not result in reformulating the PAP agenda-setting
process.

Table 3. Public–academic partnership (PAP) coalition building context (convener’s role, leadership representation, role clarity, and conflict management;

public care agency leaders [N=26] and academic researchers [N=40])a.

Terminated, n (%)Declining, n (%)Sustained, n (%)Matured, n (%)Formed, n (%)Parameters

Academic
researchers
(n=4)

Public
care
agency
leaders
(n=3)

Academic
researchers
(n=4)

Public
care
agency
leaders
(n=2)

Academic
researchers
(n=17)

Public
care
agency
leaders
(n=15)

Academic
researchers
(n=7)

Public
care
agency
leaders
(n=6)

Academic
researchers
(n=7)

Public
care
agency
leaders
(n=0)

Perception of PAP having a convener who plays the role of gathering people togetherb

1 (25)2 (67)2 (50)2 (100)14 (82)9 (60)5 (83)5 (83)6 (86)N/AcYes

1 (25)1 (33)2 (50)0 (0)3 (18)3 (20)1 (17)0(0)1 (14)N/ANo

2 (50)0 (0)0 (0)0 (0)0 (0)2 (13)0 (0)1 (17)0 (0)N/AUsed to have

0 (0)0 (0)0 (0)0 (0)0 (0)1 (7)0 (0)0 (0)0 (0)N/ADo not know or
unsure

Perception of having clear leadership representation and rolesd

1 (25)0 (0)0 (0)0 (0)1 (6)2 (13)0 (0)0 (0)0 (0)N/ARarely

2 (50)0 (0)2 (50)0 (0)2 (12)2 (13)0 (0)0 (0)0 (0)N/AOccasionally

0 (0)1 (33)2 (50)0 (0)1 (6)1 (7)1 (14)1 (17)0 (0)N/AFrequently

1 (25)1 (33)0 (0)0 (0)4 (26)1 (7)1 (14)2 (33)0 (0)N/AVery frequently

0 (0)1 (33)0 (0)2 (100)9 (53)8 (53)5 (71)3 (50)7 (100)N/AAlways

0 (0)0 (0)0 (0)0 (0)0 (0)1 (7)0 (0)0 (0)0 (0)N/AUsed to have

0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)N/ADo not know or
unsure

Experience of PAP conflicte

4 (100)2 (67)4 (100)1 (50)8 (47)10 (67)4 (57)3 (50)1 (14)N/AYes

0 (0)1 (33)0 (0)1 (50)9 (53)4 (27)3 (43)2 (33)6 (86)N/ANo

0 (0)0 (0)0 (0)0 (0)0 (0)1 (7)0 (0)1 (17)0 (0)N/ADo not know or
unsure

Perception of PAP members knowing how to handle PAP conflictsf

2 (50)3 (100)1 (25)2 (100)16 (94)14 (93)6 (86)4 (67)7 (100)N/AYes

2 (50)0 (0)2 (50)0 (0)1 (6)0 (0)0 (0)2 (33)0 (0)N/ANo

0 (0)0 (0)1 (25)0 (0)0 (0)1 (7)1 (14)0 (0)0 (0)N/ADo not know or
unsure

aFor each cell, the within-column percentages of public care agency leaders’ and academic researchers’ perceptions are presented.
bResponse missing for public care agency leaders (n=0); response missing for academic researchers (n=2).
cN/A: not applicable.
dResponse missing for public care agency leaders (n=0); response missing for academic researchers (n=1).
eResponse missing for public care agency leaders (n=0); response missing for academic researchers (n=1).
fResponse missing for public care agency leaders (n=0); response missing for academic researchers (n=1).
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Table 4. Public–academic partnership (PAP) coalition building mechanism (mutual benefit and trust in PAP agenda-setting; public care agency leaders

[N=26] and academic researchers [N=40])a.

Terminated, n (%)Declining, n (%)Sustained, n (%)Matured, n (%)Formed, n (%)Parameters

Academic
researchers
(n=4)

Public
care
agency
leaders
(n=3)

Academic
researchers
(n=4)

Public
care
agency
leaders
(n=2)

Academic
researchers
(n=17)

Public
care
agency
leaders
(n=15)

Academic
researchers
(n=7)

Public
care
agency
leaders
(n=6)

Academic
researchers
(n=7)

Public
care
agency
leaders
(n=0)

Perception of mutual benefit in PAP agenda settingb

1 (25)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)1 (17)0 (0)N/AcRarely

1 (25)1 (33)3 (75)0 (0)0 (0)0 (0)0 (0)0 (0)1 (14)N/AOccasionally

2 (50)0 (0)0 (0)0 (0)3 (18)5 (33)3 (50)0 (0)1 (14)N/AFrequently

0 (0)1 (33)1 (25)0 (0)8 (47)2 (13)2 (33)0 (0)2 (29)N/AVery frequently

0 (0)1 (33)0 (0)2 (100)6 (35)7 (47)1 (17)4 (67)3 (43)N/AAlways

0 (0)0 (0)0 (0)0 (0)0 (0)1 (7)0 (0)1 (17)0 (0)N/AUsed to pursue mutual
benefit

0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)N/ADo not know or unsure

Perception of the level of trust academic researchers have for public care agency leadersd

1 (25)2 (67)1 (25)1 (50)14 (83)7 (47)5 (71)4 (67)5 (86)N/AHigh

1 (25)1 (33)1 (25)1 (50)2 (17)5 (33)1 (14)1 (17)1 (14)N/AModerate

1 (25)0 (0)2 (50)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)N/ALow

1 (25)0 (0)0 (0)0 (0)0 (0)2 (13)0 (0)0 (0)0 (0)N/AUsed to have high level
of trust

0 (0)0 (0)0 (0)0 (0)0 (0)1 (7)1 (14)1 (17)0 (0)N/ADo not know or unsure

Perception of the level of trust public care agency leaders have for academic researcherse

1 (25)2 (67)0 (0)1 (50)15 (83)7 (47)5 (63)5 (83)5 (71)N/AHigh

2 (50)1 (33)3 (75)1 (50)2 (17)5 (33)1 (13)0 (0)2 (29)N/AModerate

1 (25)0 (0)1 (25)0 (0)0 (0)1 (7)0 (0)0 (0)0 (0)N/ALow

0 (0)0 (0)0 (0)0 (0)0 (0)2 (13)1 (13)0 (0)0 (0)N/AUsed to have high level
of trust

0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)1 (17)0 (0)N/ADo not know or unsure

aFor each cell, the within-column percentages of public care agency leaders’ and academic researchers’ perceptions are presented.
bResponse missing for public care agency leaders (n=0); response missing for academic researchers (n=2).
cN/A: not applicable.
dResponse missing for public care agency leaders (n=0); response missing for academic researchers (n=2).
eResponse missing for public care agency leaders (n=0); response missing for academic researchers (n=0).
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Table 5. Public–academic partnership (PAP) purpose formulation and coalition building outcome (new issue to focus and reformulation of PAP

agenda-setting process; public care agency leaders [N=26] and academic researchers [N=40])a.

Terminated, n (%)Declining, n (%)Sustained, n (%)Matured, n (%)Formed, n (%)Parameters

Academic
researchers
(n=4)

Public
care
agency
leaders
(n=3)

Academic
researchers
(n=4)

Public
care
agency
leaders
(n=2)

Academic
researchers
(n=17)

Public
care
agency
leaders
(n=15)

Academic
researchers
(n=7)

Public
care
agency
leaders
(n=6)

Academic
researchers
(n=7)

Public
care
agency
leaders
(n=0)

Perception of PAP leading to focus on another issueb

2 (50)2 (67)3 (75)1 (50)14 (82)10 (67)6 (86)3 (50)3 (43)N/AcYes

2 (50)1 (33)1 (25)1 (50)2 (12)4 (27)1 (14)2 (33)4 (57)N/ANo

0 (0)0 (0)0 (0)0 (0)1 (6)1 (7)0 (0)1 (17)0 (0)N/ADo not know or unsure

Perception of PAP leading to reformulate PAP agenda-setting processd

1 (50)0 (0)0 (0)0 (0)5 (36)4 (40)4 (67)2 (67)1 (33)N/AYes

1 (50)2 (100)2 (67)1 (100)9 (64)6 (60)2 (33)1 (33)2 (67)N/ANo

0 (0)0 (0)1 (33)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)N/ADo not know or unsure

aFor each cell, the within-column percentages of public care agency leaders’ and academic researchers’ perceptions are presented.
bResponse missing for public care agency leaders (n=0); response missing for academic researchers (n=1).
cN/A: not applicable.
dResponse missing for public care agency leaders (n=10); response missing for academic researchers (n=12).

PAP Purpose Formulation and Coalition Building and
Public Care Agency Leaders’Use of Research Evidence
Figures 1-9 present public care agency leaders’ perceptions of
PAP purpose formulation and coalition building and their use
of research evidence. The average SIEU output scale score that
indicates public care agency leaders’ actual use of research
evidence was the highest among the PAPs declining followed
by PAPs terminated, PAPs formed, and PAPs matured (3.6, SD
0.42; 3.4, SD 0.13; 3.3, SD 0.32; and 3.3, SD 0.24, respectively).
The average SIEU output scale score was higher in PAPs, which
resulted in another issue to focus compared with the score of

PAPs without issue recrystallization (SIEU scores 3.4, SD 0.28
vs 3.1, SD 0.25).

On the other hand, the SIEU output scale score did not show a
correlated pattern with public care agency leaders’ perceptions
of the agenda-setting process. Public care agency leaders who
reported that their partnering researchers used to have trust in
PAP leaders (public care agency leaders) showed the highest
average SIEU output scale score (3.5, SD 0.21). The SIEU
output scale scores did not show correlated pattern with the
public care agency leaders’ perception of PAP seeking mutual
benefit.
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Figure 2. Public care agency leaders’ perception of goal alignment and the Structured Interview for Evidence Use score. SIEU: Structured Interview
for Evidence Use.

Figure 3. Public care agency leaders’ perception of primary function alignment and the Structured Interview for Evidence Use score. SIEU: Structured
Interview for Evidence Use.
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Figure 4. Public care agency leaders’perception of structure alignment and the Structured Interview for Evidence Use score. SIEU: Structured Interview
for Evidence Use.

Figure 5. Public care agency leaders’ perception of agenda-setting driven by public care agency leaders and the Structured Interview for Evidence Use
score. SIEU: Structured Interview for Evidence Use.

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e29288 | p.693https://humanfactors.jmir.org/2022/1/e29288
(page number not for citation purposes)

Kang-Yi & PageJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 6. Public care agency leaders’ perception of agenda-setting driven by researchers and the Structured Interview for Evidence Use score. SIEU:
Structured Interview for Evidence Use.

Figure 7. Public care agency leaders’ response for partnership issue crystallization and the Structured Interview for Evidence Use score. PAP:
public–academic partnership; SIEU: Structured Interview for Evidence Use.
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Figure 8. Public care agency leaders’ response for partnership pursuing mutual benefits and the Structured Interview for Evidence Use score. PAP:
public–academic partnership; SIEU: Structured Interview for Evidence Use.

Figure 9. Public care agency leaders’ perception of level of trust researchers have for the public care agency leaders and the Structured Interview for
Evidence Use score. PAP: public–academic partnership; SIEU: Structured Interview for Evidence Use.
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Discussion

Purpose Formulation, Coalition Building, and PAP
Life Cycle Stages
The study findings show that overall, PAP purpose formulation
including goals, primary function and structure, and partnership
coalition building, including mutual benefits, trust, convener’s
role, leadership representation, role clarity, and conflict
management, are important contexts and mechanisms for PAPs
to evolve through life cycle stages. For the partnership contexts
and mechanisms, PAPs matured were perceived more positively
than PAPs formed, and PAPs sustained were perceived more
positively than PAPs matured by public care agency leaders
and academic researchers. However, not all the contexts and
mechanisms of purpose formulation and coalition building
showed evolving through the PAP life cycle stages.

Most public care agency leaders and academic researchers in
PAPs formed, matured, and sustained perceived the context of
partnership purpose formulation as well aligned with those of
their organization. Public care agency leaders and academic
researchers in PAPs declining and terminated perceived a low
level of alignment in the context. This echoes the findings from
studies focused on PAPs in other fields, such as public health
insurance [31], environmental health [32], health care delivery
[30], child welfare and mental health services [10], and general
and adult mental health care [2,4-6,37] in which successful
PAPs were reported to have aligned structure, goals, and
agenda-setting process.

More than 40% (30/66) of public care agency leaders and
academic researchers in PAPs sustained perceived that PAP
agenda-setting was not at all or little driven by them.
Particularly, more than one-third of researchers perceived that
their PAP agenda-setting was not at all driven by academic
researchers. More than 50% (25/45) of public care agency
leaders and academic researchers in PAP matured and sustained
perceived their PAP as always having leadership presentation
and role clarity. As demonstrated in previous studies [10,34],
a continuous role clarity process that responds to changing
environments and needs of the mental health, child welfare, and
public health fields is important for PAPs to sustain. PAPs
sustained are likely to have overcome periodic leadership shifts
and changes in the political environment, successfully engaging
new leaders in the partnership process and continuously
clarifying the roles of the members of PAP [10].

Effective conflict management skills have been shown to be
important in building successful PAPs in health care delivery
[30]. Most public care agency leaders and researchers
experienced partnership conflict regardless of the PAP life cycle
stage, except for the researchers in PAPs formed. Most public
care agency leaders and academic researchers in PAPs formed,
matured, and sustained reported that their PAP members knew
how to handle partnership conflicts.

We found that most PAPs across all life cycle stages crystallized
another issue, but the issue of crystallization did not lead to
purpose reformulation for most PAPs. Although partnerships
are expected to constantly review and reformulate purpose and

scan their environmental changes to increase their sustainability
[21], it is possible that focusing on another issue does not require
changes in the PAP agenda-setting process. We did not have
information on whether the new issue crystallization required
PAPs to reformulate partnership purpose. Further research on
specific PAP context and mechanisms that result in PAP purpose
reformulation will lead to gaining an in-depth understanding.

Public Care Agency Leaders’Use of Research Evidence
by Perception of PAP Purpose Formulation, Coalition
Building, and PAP Life Cycle Stage
Supporting the previous research [29] on context and
mechanisms for successful PAPs, our study found that
developing trusting relationships with public care agency leaders
and continuously crystallizing PAP issues play an important
role in not only increasing PAP sustainability but also fostering
public care agency leaders’ use of research evidence. Public
care agency leaders using research evidence may be more open
to new ideas proposed by academic researchers and actively
pursue issue crystallization. PAPs that continuously crystallize
issues are also likely to lead public care agency leaders to be
frequently exposed to research evidence. Public care agency
leaders who reported their PAP as having a high level of trust
in their partnering researchers also showed greater use of
research evidence.

Unlike the previous research in health care delivery [30] that
reports identifying clear and aligned goals as promoting
partners’ prioritization of their work and eventual use of
evidence, our study did not find greater use of research evidence
among public care agency leaders who perceived their PAP
goals, primary function, and structure well aligned with their
organizational goals, primary function, and structure. Previous
research on health care delivery [30] and public health [36] have
reported a positive relationship between PAPs seeking mutual
benefit and public care agency leaders’use of research evidence.
However, our study did not find the positive relationship. Public
care agency leaders’ use of research evidence did not show a
consistent pattern by the PAP life cycle stage. Public care agency
leaders who perceived their PAP as declining showed the highest
level of use of research evidence. This may be attributed to the
small sample size, and further research is warranted. Future
research with a larger study sample and mixed methods will
provide further insights.

Limitations
Our study has a few limitations. The number of public care
agency leaders who participated in the PAP experience survey
was limited to 26. We described in the informed consent that
information provided by study participants would remain in a
secure web-based database that only the key research staff could
access, and that data would be analyzed at the aggregate level.
Despite the statement of confidentiality and privacy protection
written in the informed consent, the response rate from public
care agency leaders was low. Some of the contexts and
mechanisms of PAP purpose formulation and coalition building
not varying by PAP life cycle stage may be attributed to the
small sample size. Academic researchers’and public care agency
leaders’ PAP partnership experience were not analyzed in pairs
because of the small sample size. Thus, our findings do not
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reflect the concordance level in the perception of academic
researchers and public care agency leaders in pairs. The study
findings may reflect social desirability bias from the
respondents. For example, as noted by Ross et al [36],
researchers may have reported on positive aspects of the
relationships with public care agency leaders to avoid damaging
connections, and policy makers might have reported stronger
reliance on evidence use because of public emphasis on evidence
use. Some of the PAP contexts, such as funding opportunities
and mental health and child welfare policies at the federal and
state levels, are expected to influence PAP sustainability and
public care agency leaders’ use of research evidence. In this
study, we focused on the contexts and mechanisms that can be
applied to all PAPs in the fields instead of reviewing and
interpreting PAP-specific contexts. A case analysis that
incorporates PAP-specific contexts along with the purpose
formulation and partnership coalition building can provide
in-depth insights.

Conclusions
Understanding factors that promote successful PAPs and
evidence use by policy makers has the potential to improve
outcomes for vulnerable youth populations served by public
mental health and child welfare systems in the United States.

PAPs declining can revive through making changes to adapt to
continuously changing environment. Our study findings suggest
that continuous trust cultivation through ongoing and clear
communication and continuous issue crystallization may
promote public care agency leaders’ use of research evidence.
Academic researchers’ efforts to build trust with public care
agency leaders and constantly formulate issues to meet the needs
of public care agency leaders who constantly experience changes
in the public care environment are essential. To promote mutual
benefits that link to the use of research evidence, public care
agencies should establish clear research and evaluation
guidelines to inform researchers of expectations when initiating
and forming PAPs.

Few studies have examined PAPs in the mental health and child
welfare fields despite the frequent use of PAPs. Recently, there
has been increased attention to PAPs in other related fields such
as health care, with rapid advancement of science such as health
information technology [43]. PAPs play an important role in
translating research findings into innovative policies and
practices. We urge academic researchers and public care agency
leaders in the fields of mental health and child welfare to pay
greater attention to further understanding the partnership context
and mechanisms that promote innovative evidence-based policy
and practice.
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Abstract

Background: Maintaining nutrition and exercise strategies after rehabilitation can be difficult for older people with malnutrition
or limited mobility. A technical assistance system such as an e-coach could help to positively influence changes in dietary and
exercise behavior and contribute to a sustainable improvement in one’s nutrition and mobility status. Most apps do not provide
a combination of nutrition and exercise content. In most cases, these apps were evaluated with healthy individuals aged <70 years,
making transferability to vulnerable patients, with functional limitations and an assumed lower affinity for technology, in geriatric
rehabilitation unlikely.

Objective: This study aims to identify the potential for optimization and enhance usability through iterative test phases to
develop a nutrition and mobility e-coach suitable for older adults (≥65 years) based on individual health behavior change stages
in a rehabilitation setting.

Methods: Iterative testing was performed with patients aged ≥65 years in a rehabilitation center. During testing, participants
used an e-coach prototype with educational elements and active input options on nutrition and mobility as a 1-time application
test. The participants performed navigation and comprehension tasks and subsequently provided feedback on the design aspects.
Hints were provided by the study team when required, documented, and used for improvements. After testing, the participants
were asked to rate the usability of the prototype using the System Usability Scale (SUS).

Results: In all, 3 iterative test phases (T1-T3) were conducted with 49 participants (24/49, 49% female; mean 77.8, SD 6.2
years). Improvements were made after each test phase, such as adding explanatory notes on overview screens or using consistent
chart types. The use of the user-centered design in this specific target group facilitated an increase in the average SUS score from
69.3 (SD 16.3; median 65) at T1 to 78.1 (SD 11.8; median 82.5) at T3. Fewer hints were required for navigation tasks (T1: 14.1%;
T2: 26.5%; T3: 17.2%) than for comprehension questions (T1: 30.5%; T2: 21.6%; T3: 20%). However, the proportion of unsolved
tasks, calculated across all participants in all tasks, was higher for navigation tasks (T1: 0%, T2: 15.2%, T3: 4.3%) than for
comprehension tasks (T1: 1.9%, T2: 0%, T3: 2.5%).

Conclusions: The extensive addition of explanatory sentences and terms, instead of shorter keywords, to make it easier for
users to navigate and comprehend the content was a major adjustment. Thus, good usability (SUS: 80th-84th percentile) was
achieved using iterative optimizations within the user-centered design. Long-term usability and any possible effects on nutritional
and physical activity behavior need to be evaluated in an additional study in which patients should be able to use the e-coach
with increasing independence, thereby helping them to gain access to content that could support their long-term behavior change.

(JMIR Hum Factors 2022;9(1):e31823)   doi:10.2196/31823
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Introduction

Background
Different demographic, clinical, biological, and lifestyle factors
contribute to the development of frailty and sarcopenia in older
populations. The accumulation of these risk factors leads to a
reduction in resistance to health stressors. In addition to a decline
in independence, there is an increased risk of falls and mortality
[1,2]. In many older people, malnutrition and reduced physical
activity are associated with each other [3]. The performance of
physical exercises in combination with a protein-rich diet is a
promising approach for the prevention and treatment of frailty
[1]. Such treatments can be provided as part of outpatient or
inpatient geriatric rehabilitation, although inpatient geriatric
rehabilitation is more common in Germany. In the context of
geriatric rehabilitation, patients are treated by a multidisciplinary
team, which focuses on the individual needs and abilities of the
patient [4,5]. However, long-term maintenance by older adults
after rehabilitation is often unsuccessful. Negative influences
on adherence, such as sudden changes in health status, a lack
of interest or motivation, low self-efficacy, or low expectations
of improvement [6,7] are likely to be factors affecting this lack
of success.

Technical assistance systems, such as health apps, could help
ensure that dietary and exercise behaviors are implemented and
changed after rehabilitation. In a survey in Germany with older
adults (aged >65 years) in 2020, up to 22% reported that they
used health apps to track fitness data, and 16% used apps to
obtain information about health, fitness, and nutrition topics.
However, the proportion of seniors interviewed who could
envision using such apps was more than twice as high for both
types of health apps [8]. Factors that influence the acceptance
of health apps should be considered in an effort to encourage
older adults to use such apps. Barriers to the acceptance of health
apps include a lack of trust in health apps, privacy concerns,
and fear of misdiagnosis. In addition, older people who generally
use apps, but who have no experience using health apps,
reported a lack of health app usability and low self-confidence
as reasons for poor acceptance [9]. In addition to improving
older people’s access to technology, it is also essential that
health apps are valid, reliable, and based on current scientific
evidence. It is recommended to increase the involvement of
older people in the design, conceptualization, and testing of
such apps [10]. Most scientifically developed health apps were
evaluated with individuals aged up to 70 years or with older
adults without health impairments [11-13].

Apps are one type of technical tool for improving, assisting, or
supporting people. The various realizations, such as tele-visits,
exergames, or health websites, can be summarized under the
term eHealth. A review of the use of eHealth in the context of
geriatric rehabilitation revealed that most studies (68%) involved
people with neurological diseases. In addition, only 8% of all
identified studies assessed the use of health apps as an eHealth
intervention. However, the results on the applicability of eHealth

with the target group indicated that interventions are feasible if
adequate training takes place, and if the eHealth intervention is
simple and has good usability [14]. For example, a study on
telerehabilitation via a website compared with conventional
rehabilitation after a hip fracture showed that patients in the
telerehabilitation group achieved better functional scores than
those in the control group [15]. In addition, in a study by Bean
et al [16], the implementation of a 12-month web-based training
program using a tablet and supervised by a physiotherapist led
to a significant reduction in emergency department visits and
hospital admissions in older adults with mobility impairments.
However, there is also evidence that the more severe the health
limitations of older people, the less willing they are to use
eHealth [17]. A systematic review of the use of health apps to
improve dietary behavior and nutrition-associated outcomes
was unable to find any studies that focused on the use of such
apps by people aged >70 years [18].

As previously described, a nutrition intervention in combination
with an exercise intervention could lead to more significant
effects than would an exercise intervention alone in older people
with frailty or sarcopenia [2]. An app that offers coaching in
the sense of providing information and feedback on physical
activity and nutrition topics, thus supporting behavior change
or the maintenance of newly adopted behaviors and tailored to
the needs of older people, could therefore be a promising
approach to making a rehabilitation program even more effective
and sustainable. The use of the app should be continued after
rehabilitation and thus provide support in everyday life in the
uptake, implementation, and maintenance of the
recommendations in the area of nutrition and physical activity.

To develop an age-adapted device and health app (e-coach) for
older adults with deficits in nutritional status and physical
activity needs, we followed the German International
Organization for Standardization 9241-210:2019 Ergonomics
of human–system interaction—Part 210: Human-centered design
of interactive systems [19] and the user-centered design process
[20].

These concepts first require an analysis of the context of use
and, as a next step, a specification of the use requirements. The
context of use was described in a previous study by performing
and analyzing focus groups with older adults as well as experts
[21]. In all, 3 focus groups with patients and relatives (10/17,
65% female; 16/17, 94% in a 70- to 99-year–age category) and
1 focus group with experts (2 dieticians and 1 physiotherapist)
were held in a geriatric rehabilitation center. Interviews held
with the focus groups were recorded, transcribed verbatim, and
analyzed using content analysis. Both patients and therapists
mentioned very similar points as relevant topics for e-coaches.
Examples of the aspects mentioned included information about
nutrition in advanced age, macronutrients, fluid intake, nutrition
myths, physical activity recommendations for older adults,
guidance in performing physical exercises, information on goal
setting, the risk of falling, and adherence to physical activities.
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However, individual perceptions of the need for further
information varied widely.

The information gained was used to derive the user and design
requirements for the e-coach. For geriatric patients in
rehabilitation, educative content from the areas of nutrition and
physical activity focused on the changes and demands of aging
that should be included in the e-coach. The older adults would
also like the e-coach to be able to provide them with exercises
and thus support them in their training. The feedback and
evaluation of input regarding nutrition and exercise are described
as helpful but should not be an admonition. The results indicate
that, as many patients in this age group have little experience
with technology and usually use other sources of information,
it is important to develop a nutrition and mobility e-coach,
particularly given the easy handling and provision of clear
information to individual users on the advantages of the e-coach.
It is also important for older adults to avoid barriers, such as
small font, low video volume, or poor contrast.

The e-coach needs to be integrated into users’daily lives without
stressing or restricting them. Moreover, it must be possible to
adapt the content to the physical abilities of the users, and
because of the heterogeneity of older people in terms of previous
knowledge and willingness to change their behavior, appropriate
strategies should be used. A recent umbrella review of eHealth
interventions suggested that applications involving behavior
change techniques may have promising effects on physical
activity, sedentary behavior, and healthy eating. However, it is
not yet known which theoretical construct is the most effective
[22]. In this study, the transtheoretical model of behavior change
(TTM) was used as the underlying psychological construct for
the e-coach. The patient was categorized into one of the five
TTM phases reflecting their readiness for change: (1)
precontemplation, (2) contemplation, (3) planning, (4) action,
and (5) maintenance. In the first phase (precontemplation), there
is no awareness of the problem or intention to act yet, whereas
in the fourth stage (action), the desired behavior is already
specifically being executed. Different strategies are used at each
phase to achieve or sustain targeted behavior [23]. The model
was first developed in the context of substance abuse treatment;
however, it has also been applied to other health behavior change
processes, such as increasing physical activity [24,25]. A recent
systematic review on the use of the TTM in programs designed
to improve physical activity in older people showed positive
effects on relevant parameters, such as the reduction of sedentary
behavior, the increase in activity time per week, an increase in
the number of steps, and an increase in the daily total of
moderate to vigorous activity time [26]. In another study that
used an app to increase physical activity in healthy older adults,
the TTM was also used and positive effects on exercise
adherence and walking speed were observed [13].

On the basis of the findings from the focus groups, it was
possible to further differentiate the settings for teaching the use
of the e-coach. To give older adults time to familiarize
themselves with the system and generally introduce them to its
use, this introduction should already take place in the
rehabilitation center. In a real health care situation, it would be
easier to explain the technology to the patient; in case of
questions or if further explanations are necessary, it would be

more uncomplicated to address these points in a personal
appointment. In addition, patients would also be able to repeat
relevant content that they may not have been able to remember
completely from the seminars at their own pace. Therapists
should have the possibility to adapt the e-coach to the needs of
the patients and their TTM phase. As, in the context of
rehabilitation, the therapies take place directly between the
physiotherapist or nutritionist and the patient, and the
interventions are also strongly influenced by the interactions
between the professionals and patients, complete automation
of the e-coach would not be efficient. Adaptations of the e-coach
to the patient’s previous knowledge and support needs should
therefore be made by a physiotherapist or a nutritionist.

Objectives
This paper aims to describe the design process and an iterative
evaluation of the developed content. The aim of this study is to
identify optimization potentials and enhance usability through
iterative test phases to develop a nutrition and mobility e-coach
based on individual health behavior change stages, usable for
older adults (≥65 years) in a rehabilitation setting.

Methods

Study Design
The e-coach prototypes were evaluated with older adults in 3
iterative test phases, using a between-subject design. User
experience was reflected by the System Usability Scale (SUS)
[27] and participants’ comments, which were made while
thinking aloud during the tests.

To detect and analyze usability problems in more detail, at least
10 patients were included in each iterative test phase [28]. Then,
based on the feedback, improvements were made and the
prototypes were evaluated again with the target group. The
opinions of other relevant stakeholders (physiotherapists and
nutritionists) were taken into account throughout the design
process by involving professionals from these disciplines in the
study team.

Ethics Approval
The study was approved by the Ethical Review Board of the
Carl von Ossietzky University Oldenburg (registration number:
2018–132). We conducted the study in accordance with the
Declaration of Helsinki and the underlying data protection
regulation.

Participants
Patients in rehabilitation, from geriatric and cardiology wards,
were eligible based on the following inclusion criteria: (1)
participants aged ≥65 years and (2) participants were able to
speak and understand German. Exclusion criteria were (1) severe
visual impairment (eg, inability to read large font on a screen),
(2) severe hearing impairment (eg, deafness), or (3) inability to
understand study information and provide informed written
consent (eg, aphasia or severe cognitive impairment or
dementia). Participants were recruited by placing flyers in the
patients’ wards.
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Tablet App (e-Coach)
The e-coach screens were designed in Adobe XD (version 34;
Adobe Systems) for a 10-inch tablet in landscape mode. Design
guidelines for apps for older adults were used to take into
account specific requirements, such as a decline in vision or
decreased motor abilities when developing the prototype [29,30].
To ensure a linear navigation structure, the position and design
of the navigation buttons were always identical. The only gesture
needed was to tap a button to minimize the number of necessary
gestures. The structure of different screens containing the same
type of information provision (eg, videos or texts) was kept
identical.

The e-coach contained two main topics: mobility and nutrition.
Both topics offered five modules in total, which were identified
from previous focus group discussions with patients and experts.
The e-coach was designed to support behavior change in older,
vulnerable patients in rehabilitation by providing information,
education about risk factors, and strategies for implementing
and maintaining nutrition and physical activity
recommendations. Different elements, such as videos, texts, or
quizzes, were used to provide the information. In addition, the
e-coach included educational elements and active input options,
such as feedback on nutrient intake through entries in a nutrition
diary or instructions and documentation of physical exercises,
and an overview of the achievement of exercise goals. The
modules entitled interesting facts, recommendations, and
execution were elements of both main themes, although with
different subthemes (eg, content about fall risk factors or
strategies to promote the intake of fluids). The modules and
their content differed according to the phase of the TTM. For
example, by focusing more on educational content in the
precontemplation and contemplation phases, strategies to
increase problem awareness, environmental re-evaluation, and
emotional experience are promoted, whereas, in the planning,
action, and maintenance phases, more content was introduced
that enabled the maintenance of new behaviors, such as
enhancing self-efficacy or offering specific action guidance.

The module content and the composition of modules for each
TTM phase were compiled in advance by members of the study
team who have expertise in physiotherapy and nutritional
therapy. The content of the nutrition modules was based on the
recommendations of the European Society for Clinical Nutrition
and Metabolism guidelines on clinical nutrition and hydration
in geriatrics [31], as well as on the information provided in
brochures issued by the IN FORM initiative of the Deutsche
Gesellschaft für Ernährung (German Nutrition Society) entitled
Essen und Trinken im Alter (Eating and drinking in old age)
[32] and Mangelernährung im Alter (Malnutrition in old age)
[33]. The content of the physical activity modules was mainly
based on the national recommendations for physical activity
and physical activity promotion, the Älter werden in Balance
(Getting Older in Balance) program of the Federal Center for
Health Education and the recommendations from the IN FORM
initiative run by Bundesarbeitsgemeinschaft der
Seniorenorganisationen (German National Association of Senior
Citizens’ Organizations) [34]. Physical exercises were based
on exercises from the Otago Exercise Program [35],
Lifestyle-integrated Functional Exercise-Program [36], and
home-based older people’s exercise [37] programs, which were
developed especially for older people and people at risk of
falling. Automated adaptation of module content was not part
of the e-coach. The results of the focus groups did not indicate
that this would be a requirement for therapists for such apps.
Moreover, the app should be able to be used as support and an
addition within the scope of therapies in rehabilitation and in
further outpatient care. Therefore, the use should be embedded
in the context of the therapy situation, and the assessment of
the TTM phase should not be done completely automatically
but by the therapist in interaction with the patient. Therefore,
the TTM phase is determined as described below and then set
in the app. In the context of this study, no direct association
between the TTM phase and the ability to perform tasks in the
app was assumed, as it was a 1-time application test with
specific task instructions to the participants. The general
structure of the e-coach is shown in Figure 1.

Figure 1. Structure of the e-coach modules.
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Procedure

Overview
Data were collected in the form of in-person testing in patients’
rooms at the rehabilitation center. After the patients had been
informed of the content and the procedure of the study by a
study team member (LH or MS) and had signed the informed
consent, a survey was conducted on sociodemographic data,
data on nutrition and physical activity, the phases of behavioral
change, and technology commitment. A usability test was
subsequently performed. The entire process of data collection
took approximately 45 minutes to 60 minutes per patient.

Evaluation of Nutritional Data and Physical Activity
Nutritional status was assessed using the Mini Nutritional
Assessment-Short Form (MNA-SF) [38] and a survey of
nutritional behavior based on an eating protocol for a typical
day. The data from the eating protocol were compared with the
recommendations of the German Nutrition Society for people
aged >65 years [39]. Physical activity was evaluated using the
Physical Activity Scale for the Elderly (PASE) [40]. The
intensity, type, and duration of the activities described were
compared with the German national recommendations for
physical activity in older adults [41].

Phases of Behavior Change (TTM)
Patients were classified separately into the TTM for physical
activity and nutrition based on the data from the dietary protocol
and the PASE. Patients who did not achieve the defined target
criteria in the areas of physical activity or nutrition were asked
whether they had thought about changing their behavior
(contemplation) and, if so, whether they had already planned
to do so in any specific way (planning). Depending on their
answers, patients were then categorized into the phases of
precontemplation, contemplation, or planning. Patients who
were already performing the target behavior were asked whether
they had been doing so for a short time (action) or for a longer
period (maintenance). On the basis of their answers, the patients
were classified into the phases of action or maintenance.

Technology Commitment
In addition, the patients’ technology commitment was assessed
using a questionnaire developed by Neyer et al [42]. In this
questionnaire, technology commitment was measured using a

5-point Likert scale with 12 items. The items covered statements
about personal contact, interest, and the use of technologies in
general [42].

Usability Task
The test procedure was explained in detail, and the contents and
navigation options were shown in advance. Before testing the
usability task, the patients were told that the aim of the study
was not to test their abilities, but the quality and usability of the
e-coach [43]. Moreover, the patients were able to choose
whether they wanted to be interviewed about content from one
main topic only (nutrition or mobility) or about both topics. The
status of development and the general structure of the mock-ups
from the 2 areas were identical, but the content differed on
account of topics. All elements that could be used by patients
in the final e-coach were tested; however, not every screen was
tested, instead, a transferability of findings was assumed.

Testing also took place in the patient’s room at the rehabilitation
center. During the test, the examiner (LH or MS) and the
participant sat at a table. The tablet with the app could be placed
on the integrated stand of the device, placed on the table, held
in the hand, or laid down by the participant. The examiner read
the tasks to the participant and then observed the participant.

Usability tasks in three different domains were defined and used
for each iterative testing period: navigation, comprehension,
and design. Navigation tasks were used to determine whether
users were able to find their way through the e-coach and use
the buttons correctly. In the case of quizzes, we tested whether
the screens were structured such that they could be used
successfully by the participants. On quiz screens, the question
was highlighted at the top of the screen (eg, What is the
recommended minimum number of small portions of dairy
products to eat per day?) and below it, two to three answer
options were shown (eg, You should eat at least two servings
of dairy products per day and You should eat at least four
servings of dairy products a day) along with a prompt (press
the correct answer). Comprehension tasks were intended to test
whether screen content and information were correctly
interpreted and understood. The aim of the design questions
was to identify visual barriers such as a font that was too small
or an acoustic problem, such as an extremely fast rate of speech
in videos. An example of questions and tasks is shown in Table
1 and Multimedia Appendices 1 and 2.
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Table 1. Task types in the different iterative testing phases as the total number of tasks and percentages per iterative testing phase.

Comprehension
question, T3, n (%)

Comprehension
question, T2, n (%)

Comprehension
question, T1, n (%)

Navigation task,

T3c, n (%)

Navigation task,

T2b, n (%)

Navigation task,

T1a, n (%)

Task type

N/AN/AN/AdNavigation

3 (30)5 (24)16 (57)Next screen (1 screen)

4 (40)5 (24)4 (14)Further screen (≥2 screens)

2 (20)5 (24)5 (18)Use of back button

0 (0)2 (10)2 (7)Use of different tabs (text
elements)

1 (10)3 (14)0 (0)Use of the help button

0 (0)0 (0)1 (4)Use of quizzes

0 (0)1 (5)0 (0)Use of the exercise diary

N/AN/AN/AComprehension

1 (25)2 (20)5 (28)Purpose of the screen

1 (25)0 (0)3 (17)Foresight of content

0 (0)0 (0)1 (6)Nutrition diary

2 (50)8 (80)7 (39)Interpretation of content

0 (0)0 (0)2 (11)Understanding of quizzes

aT1: iterative phase 1.
bT2: iterative phase 2.
cT3: iterative phase 3.
dN/A: not applicable.

Evaluation of Usability
The results from the usability tasks were reported in three
different categories (success rate, number of hints, and content
of hints) to evaluate usability problems in more detail. The
performance of the particular task was evaluated in the
categories of successful and unsuccessful. Furthermore, the
content of the hints given and the number of hints given were
recorded.

For the usability test, patients were instructed to simultaneously
speak their thoughts aloud while performing the tasks. The
concurrent think-aloud method was intended to immediately
identify and specify problems for older adults using the e-coach
[44]. Attention was paid not to interrupt patients while they
were still thinking or looking for an answer. However, if the
participant said that they were stuck or if they were obviously
having difficulties, (eg, the participant looked around for help
for a longer period or became increasingly nervous) a hint was
given. These hints mostly consisted of a slight rephrasing of
the question or a request to the participant to read through the
contents of the screen again. If a hint had to be given, this was
noted for the relevant task, and the number of times hints were
given was counted.

The tasks in the test sequence were always carried out in the
same order, but patients had the option of skipping tasks at any
time or stopping the usability test. The tests and verbal feedback
during the tasks were recorded by taking notes.

After the usability test, patients were finally interviewed using
the SUS. The questionnaire contained 10 statements about the
usability of a system rated on a 5-point Likert scale. The values
of individual items were added together and then multiplied by
2.5, resulting in a score between 0 and 100. The results provided
a general overview of product usability [27].

Iterative Process
A total of 3 iterative test phases were used. Before each test
phase, we refined the content, design, and potential functionality
of the elements. The first test phase mainly tested the basic
functionality of the chosen navigation structure with the target
group, with simpler tasks such as finding the next page; in
phases 2 and 3, we increased the number of navigation steps
required in some tasks and tested other functions such as the
use of the help button. To minimize the contact time and number
of contacts with the study team in the context of the increasing
incidence of COVID-19 in our region in Germany, it was
decided to test the optimized elements and new content in the
nutrition section only after completion of the second iterative
test phase. As no further problems were found concerning the
exercise part, but some were found concerning navigation from
screens or the interpretation of nutritional diagrams, the last
iterative phase focused on the questions from the nutrition part.
Figure 2 shows an example of screenshots from version 1 to
the final version. Multimedia Appendices 1 and 2 show click
routes from the areas of nutrition and exercise, respectively.
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Figure 2. German original version of screens from the 3 iterative test phases. Explanations and translations of changed elements based on the results
of the test phase are shown in the text boxes.

Data Analysis
Statistical analyses were performed using the software SPSS
(version 27.0; SPSS Inc).

Participants’characteristics, success rates of the tasks, and SUS
scores were analyzed using descriptive statistics; they were
presented as frequencies, means, SDs, and percentages.

The hints given during the usability test were presented as the
total number of hints required for this task type in the iterative
phase. The total number of unsolved tasks and percentages of
unsolved tasks for all participants that performed this task type
in the iterative phase were also reported.

The notes from the concurrent thinking aloud during the
usability test were used to derive aspects that the participants

noticed during the test. These aspects were discussed by the
study team (LH and MS) to identify specific problems in the
tasks and to derive possibilities for optimization.

An explorative ANOVA was conducted to compare the SUS
scores among the 3 iterative test phases. The robust Welch F
test was used if the assumption of homogeneity of variances
was violated or if the data were not normally distributed.

The group was divided into 2 equally sized subgroups to test
for group differences in successful task completion. Half of the
participants who performed the tasks better were compared with
the other half. The variables of age, sex, BMI, MNA-SF
classification, technology affinity, TTM phase nutrition, TTM
phase mobility, and SUS score were tested for group differences.
The explorative analysis was performed using the
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Mann–Whitney U test for ordinal and not normally distributed
variables, and the chi-square test was performed for nominal
variables. Statistical significance was set at P<.05, for all
explorative analyses.

Results

Characteristics of Participants
A total of 49 patients who were aged 66-94 years (24/49, 49%
female; mean 77.8, SD 6.2 years) participated in the study.
Patient characteristics per iterative test phase are presented in
Table 2. An example of screens and changed elements based
on the results of the iterative test phases are shown in Figure 2.

Table 2. Overview of participants’ characteristics within each iterative test phase (N=49).

Iterative phase 3aIterative phase 2Iterative phase 1Characteristics

NutritionMobilityNutritionMobilityNutrition

Participantsb

1213131215Total, n

5 (42)5 (39)9 (69)6 (50)8 (53)Female, n (%)

27.6 (4.3)26.6 (4.6)27.6 (5.8)26.6 (5.6)26.3 (4.4)BMI (kg/m2), mean (SD)

76.8 (5.2)76.3 (6.8)78.5 (7.3)78.4 (5.5)79.1 (6.8)Age (years), mean (SD)

TTMcphase, n (%)

3 (25)0 (0)4 (31)1 (8)3 (20)Precontemplation

2 (17)5 (39)3 (23)5 (42)2 (13)Contemplation

5 (42)4 (31)1 (8)3 (25)4 (27)Planning

0 (0)1 (8)2 (15)1 (8)0 (0)Action

2 (17)3 (23)3 (23)2 (17)6 (40)Maintenance

TCd, mean (SD)

39.4 (11.9)43.7 (6.9)38.7 (11.4)39.3 (13.4)36.6 (11.3)Total score (12-60 points)

3.3 (1.0)3.7 (0.6)3.3 (1.1)3.4 (1.6)3.1 (1.0)Pointse

aOnly tests in the nutrition section were performed to keep contact times and numbers low in the context of increasing COVID-19 incidence in the
region.
bDifferent sample sizes within nutrition and mobility owing to the patient’s choice option to participate only in one main theme or in both main themes.
cTTM: transtheoretical model of behavior change.
dTC: technology commitment (Neyer et al [42]).
eAverage Likert scale points per item.

Navigation tasks required fewer hints (14.1%-26.5%) per task
than comprehension tasks (20%-30.5%) in all iterative test
phases (Table 3). The percentage of tasks that participants were
unable to successfully complete was 0% for the navigation tasks
in iterative test phase 1; 15.2% in iterative test phase 2; and
4.3% in iterative test phase 3. For the comprehension tasks,

participants were unable to complete 1.9% of the total tasks in
iterative test phase 1; 0% of the tasks in iterative test phase 2;
and 2.5% of the tasks in iterative test phase 3 despite receiving
hints. An overview of the tasks that could partially not be solved
and the respective optimizations is provided in Multimedia
Appendix 3.
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Table 3. Participants’ performance in the different navigation and comprehension tasks in the iterative test phases.

Iterative phase 3Iterative phase 2Iterative phase 1Tasks

Fail, n
(%)

Hints, n
(%)

Total tasks,
N

Fail, n (%)Hints, n
(%)

Total tasks,
N

Failc, n
(%)

Hintsb, n
(%)

Total tasksa,
N

4 (4)16 (17)9331 (15)54 (27)2040 (0)25 (14)177Navigation (total tasks)

1 (4)4 (14)298 (16)10 (20)490 (0)15 (14)105Next screen (1 screen)

3 (8)8 (22)3710 (19)20 (37)540 (0)3 (14)21Further screen (≥2
screens)

0 (0)1 (6)186 (11)10 (18)550 (0)6 (19)32Use of back button

0 (0)0 (0)02 (22)2 (22)90 (0)1 (8)12Use of tab layout (text
elements)

1 (11)3 (33)95 (18)10 (36)280 (0)0 (0)0Use of the help button

0 (0)0 (0)00 (0)0 (0)00 (0)0 (0)7Use of quizzes

0 (0)0 (0)01 (11)2 (22)90 (0)0 (0)0Use of exercise diary

1 (3)8 (20)400 (0)16 (22)742 (2)32 (31)105Comprehension (total tasks)

0 (0)1 (11)90 (0)5 (19)260 (0)11 (33)33Purpose of screen

0 (0)2 (17)120 (0)0 (0)00 (0)6 (40)15Foresight of content

0 (0)0 (0)00 (0)0 (0)02 (25)6 (75)8Nutrition diary

1 (5)5 (26)190 (0)11 (15)720 (0)7 (18)38Interpretation of content

0 (0)0 (0)00 (0)0 (0)00 (0)2 (19)11Comprehension of
quizzes

aTotal number of tasks performed by all participants per iterative phase.
bSummed up the number and percentage of required hints for all participants for this task type in the iterative phase.
cTotal number and percentage of unsolved tasks in all participants who performed this task type in the iterative phase.

Most participants understood how to use the buttons correctly.
In 86.9% of all tests, participants consistently selected the arrow
button for navigation to the next screen as intended. When
navigating back to previous screens, this was done completely
correctly in 84.7% of all tasks.

Many participants were able to successfully interpret the active
input options such as the drinking protocol (11/15, 73%), the
diagram of consumed food groups (9/10, 90%), and the exercise
diary (7/8, 88%).

Some participants had difficulties in interpreting the content
they would expect to find based on the names of the modules
or the themes. The contents that needed to be optimized are
shown in Table 4.

Many design elements on the overview screens and the
educational features were rated positively by older adults. For
educational content with texts, the font sizes, readability, and
length of the text were positively rated in almost all
corresponding tasks (92.3%).

Moreover, more than half of the participants (25/49, 51%) were
able to successfully solve more than 90% of the tasks.
Exploratory analysis of group differences suggested that those
who solved more than 90% of the tasks had significantly higher
technology affinity (P=.02). The participants who were able to
solve more than 90% of the tasks also rated the e-coach
significantly better with the SUS score (P=.04).
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Table 4. Content and structures optimized following iterative testing with participants.

AdaptationsDomain

Navigation • On the main overview screens for the nutrition and mobility modules, details on the content of modules
were added.

• Checkboxes for the confirmation of exercise execution and the labeling of the elements were enlarged.
• For screens that guide different topics in a module, a question or more guidance about the content was

added in addition to the title (eg, increasing activity: How can I become more active in everyday life?).

Comprehension • Keywords were supplemented with further information (eg, nutrition was changed to nutrition topics).
• The wording macronutrients was changed to nutrients.
• An instruction for the action was added below the screen heading (eg, “Please select one of the following

topics to get more information.”).
• Information for food groups was added (2/5 was changed to 2 of 5 servings).

Design • The symbols for nutrients (the molecule symbol was changed to a magnifying glass), interesting information
(the light bulb was changed to a book with light bulb on it), and the nutrition diary (the booklet was changed
to a book) were replaced.

• Photographs for text elements were exchanged for symbols or drawings.
• Exercise photos were used instead of exercise drawings; a white background was added to the exercise

photos.
• Any other elements besides diagrams were removed from the evaluation screens.
• Feedback on reaching the training goal using flowers instead of stars was added (flowers contain additional

information about the number of exercises performed).

Evaluation of the SUS
The evaluation of the SUS showed a continuous improvement
in the usability of the e-coach (Table 5).

Because the normality assumptions of the ANOVA were
violated, a 1-way Welch-ANOVA was performed to determine
whether the SUS score was significantly different among the
test phases. The improvement in the SUS score was not
statistically significant among the 3 test phases (Welch
F2,46=1.79; P=.19).

Table 5. System Usability Scale (SUS) score for each iterative test phase.

ValuesPhase

Median (IQR)Mean (SD; range)n (%)

65.0 (57.5-83.8)69.3 (16.3; 42.5-97.5)21 (43)Iterative phase 1

77.5 (60.0-84.4)70.3 (18.7; 20.0-95.0)16 (33)Iterative phase 2

82.5 (70.6-86.9)78.1 (11.8; 50.0-92.5)12 (25)Iterative phase 3

Discussion

Principal Findings
We showed that it is possible to conduct iterative test phases
and improve the usability of a health app, even for older adults
with health restrictions who are undergoing inpatient
rehabilitation. After 3 iterative test phases, the average SUS
increased from 69.3 (SD 16.3; median 65) to 78.1 (SD 11.8;
median 82.5), indicating good usability of the e-coach and is
comparable with the SUS results on eHealth application use in
other studies with older adults [45-47]. More hints were required
to answer comprehension questions (20%-30.5%) than to solve
navigation tasks (14.1%-26.5%) during testing. With minor
support from the study team, by hints, it was almost always
possible for participants to solve the tasks or questions. Overall,
only 5.5% of all tasks in all tests could not be successfully
completed. These results show that even participants who had
greater difficulties using the e-coach were able to solve most
tasks with minor support.

Comparing the completion of tasks among the 3 iterations, it is
noticeable that in the first iterative test phase, hints were needed,
especially for comprehension questions (30.5%), and a few
tasks were not fulfilled by all participants in this test (1.9%). In
this iterative phase, hints were often needed for comprehension
questions, such as what can be done on certain screens and also
concerning the interpretation of what was meant by certain titles
(eg, an overview of the recommended amount of physical
activity). These difficulties were solved by adding more
information to the descriptive texts and partly by changing the
wording of individual terms.

In the second iterative test phase, the proportion of required
hints in the navigation tasks (26.5%) increased noticeably
compared with the first iterative test phase (14.1%), and 15.2%
of all navigation tasks could not be solved by the participants
in the second iterative test phase. In the first iterative test phase,
many navigation tasks included easier functions, such as
navigation to the next screen, and only a few tasks with more
complex navigation steps. In contrast, in the second iterative
test phase, more complex tasks were added, requiring, for
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example, 2 navigation steps, and the proportion of simpler
navigation tasks decreased accordingly (Table 1). It seems
possible that the increase in the complexity of the navigation
tasks explains the increase in the number of hints required, as
well as the increase in the proportion of navigation tasks that
could not be solved. However, we did not perform any
corresponding measurements that would allow conclusions to
be drawn about the participants’ working memory capacity, as
this was not part of our study.

In the third iterative test phase, hints were also required more
often for navigation tasks that required several navigation steps.
Although there were some tasks in the last iteration phase that
required more than one navigation step, only 17% (2/12) of all
participants needed help with all navigation tasks, and 4.3% of
all navigation tasks in the third iterative test phase were not
successfully completed. However, in the comprehension tasks,
the need for hints was almost similar in the last iterative phase
(20%) compared with the second iterative phase (21.6%), but
more tasks could not be solved (2.5%) than in the second
iterative phase. Compared with the first iterative test phase,
almost all participants (10/12, 83%) in the last iterative test
phase were able to derive the following content from the labeling
of the modules. In addition, the question about what can be done
on the overview screens was also answered correctly by all
participants. Nevertheless, some participants found it difficult
to interpret diagrams, meaning that they required hints, and one
participant was unable to solve the task.

Other aspects should be considered as possible reasons for the
different performance in the tasks, in addition to the increase
in complexity. There were fewer tasks and fewer participants
in the third iterative test phase because increasing COVID-19
case numbers forced us to reduce contact times with the
participants. In addition, all the comprehension questions that
could not be answered successfully in the last test were questions
about protein and energy intake shown in a diagram. This topic
could be difficult for people with little existing knowledge of
the subject.

Furthermore, in our exploratory analysis of group differences
between half of the participants who solved more than 90% of
the tasks correctly and those who solved less than 90% of the
tasks correctly, we found indications that those who solved
more than 90% of the tasks correctly had a significantly higher
affinity for technology (P=.02). A significant correlation
between the use of health apps by older people and a higher
affinity for technology has also been found in other studies
[9,48]. Moreover, a stronger interest in technology appears to
have a significant influence on the use of information and
communication technologies even among people aged >80 years
[49]. To estimate how well older adults can cope with a health
app or whether more support might be needed, technology
affinity could be surveyed beforehand and used as an indicator
of the need for support. Different variables such as education
level, sex, and computer literacy did not significantly influence
the use of health apps in the study by Rasche et al [9]. Age
differed significantly among groups. Individuals who reported
using health apps were significantly younger than those who
did not use health apps. In contrast, Schlomann et al [49] also
found no significant influence of the variable age among older

adults who already used mobile devices (smartphones, tablets,
fitness trackers, or smartwatches). In our study, individuals who
correctly solved more than 90% of the tasks were younger (mean
76.0, SD 4.3 years) than those who correctly solved less than
90% of the tasks (mean 79.7, SD 7.4 years) but this difference
was not statistically significant (P=.09).

Technology commitment in our study population was at a
median of 3.5 (SD 0.6) points in the group of participants who
correctly solved more than 90% of the tasks and at a median of
3.0 (0.6) in the group of people who correctly solved less than
90% of the tasks. This value seems to correspond approximately
to the technology readiness of people in this age group in
Germany. Rasche et al [9] found comparable values among
older people who reported no app use (mean 2.9, SD 0.6 points)
or app use but no health app use (mean 3.4, SD 0.6 points).

To increase the usability of e-coaches in health care, as well as
for less technically inclined older persons, detailed instructions
on how to use the e-coach could be applied. Older people seem
to have greater benefits from step-by-step instructions when
learning to use new technologies. To address this problem in a
real-world setting in terms of use of the e-coach by older adults,
guidance (eg, in the form of a printed manual) should be
additionally offered [50]. Furthermore, it was helpful for
participants if the screens contained additional information, for
example, what should be done on the screen or what content
and information they would receive if they selected certain
modules. The screens were not rated as overly cluttered despite
additional information. This may be an important fact for other
researchers developing apps for multi-morbid older adults in
rehabilitation facilities, who have rarely been involved in app
development to this extent. Although studies on eHealth
interventions are already being conducted in the context of
geriatric rehabilitation, apps have only been considered as a
form of intervention in a few studies to date, and many
applications relate to specific clinical conditions, particularly
in the neurological field [14]. In older adults with limited
mobility and after hip fractures, positive effects on mobility,
functional outcomes, and hospitalization could be achieved
through telerehabilitation interventions with an app [16] or via
web sites [15,51]. However, these applications do not focus on
educating participants but rather on teaching exercises. People
who have not yet reached this phase in their behavioral change
process may therefore benefit less from these tools. Furthermore,
it is possible to use apps to conduct relevant assessments for
older people with multiple morbidities with regard to fall risk
[46] and mobility [47]. The usability of these assessment apps
was investigated in older people and achieved SUS scores of
77.9 and 77.6, comparable with the score gained by our e-coach.
In general, there are already different apps in the rehabilitation
context for postoperative care after certain surgical interventions
[52] or for improving self-management of hypertension or for
medication planning. In these studies, however, it became clear
that apps from the app store often lacked an evidence-based
background, usability for older people is poor, and there is also
a lack of data security [53,54]. In the field of nutrition apps, no
studies involving participants aged >70 years have been found
in a review from 2019 [18].

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e31823 | p.710https://humanfactors.jmir.org/2022/1/e31823
(page number not for citation purposes)

Happe et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


The data on the TTM phases of the participants demonstrate
that geriatric patients in rehabilitation are at different phases of
the behavioral change process. In the iterative tests with nutrition
content as well as with physical activity content, the proportion
of participants in the first 2 phases of TTM (precontemplation
and contemplation) and the remaining phases (preparation,
action, and maintenance) was quite balanced. As such, the
readiness and implementation of behavior change in the areas
of nutrition and physical activity appear to be heterogeneous
among the target group, requiring the use of different strategies
in the e-coach to support behavior changes. No indications of
significant group differences between the half of the participants
who were able to solve more than 90% of their tasks and those
who were able to solve less than 90% of the tasks were found
for the TTM phase distribution in the area of nutrition. For the
TTM phase in the physical activity domain, no testing for group
differences was conducted because of the small sample size
resulting from missing data from the last iterative test. A
correlation between certain phases of behavior change and the
ability to successfully solve tasks could be explained only to a
limited extent. In the case of tasks for operating the app, such
as finding specific screens or using buttons, personal readiness
to change one’s nutritional or physical activity behavior should
have little influence. It could be possible that the interpretation
of specific content with terms such as protein or foodgroup is
more difficult for people with less existing knowledge. However,
even someone without existing technical knowledge may have
already achieved the nutrition and physical activity goals we
used. Therefore, it is not practical to draw conclusions from the
behavior change phase alone about the ability to use or the
general understanding of the app based on our results.

When developing the e-coach, design recommendations for the
target group [29,30] were considered in advance. The button
labels and the texts on the navigation screens were phrased
without technical terms to make them usable even for novice
technology users. This, as well as the chosen high contrasts of
the different contents and texts, was maintained throughout the
development process. In some cases, the minimum size of the
arrow buttons was exceeded, but based on the feedback from
our tests, this did not represent a barrier for the patients.

In a few tests, it was noticed that a user wanted to select the
correct button, but the pressure on the button was not recognized
by the device. Besides a possible malfunction of the touchscreen,
there are 2 points that have been described in further studies
[30,55] and are also found in our study; these should also be
considered with regard to other apps for this target group. One
possible cause of failure could be the contact between the test
person’s finger and the touchscreen. In addition, the conductivity
of the skin decreases with age, but we also observed that some
participants typed using their fingernails rather than their
fingertips. To improve usability, older participants could
alternatively be offered to operate the device with a stylus [30].
As a second possible source of error, we observed the button
being pressed for a very long time or the finger already being
positioned outside the button on the touchscreen and then moved
toward the button. When training users, the use of buttons should
be explained in more detail and practiced. Furthermore, feedback

(haptic, auditory, or visual) could improve usability [30];
however, this additional function was not used in this study.

Limitations
It is likely that more people who already had a general interest
in nutrition, physical activity, or technology participated in the
study. Therefore, a selection bias cannot be ruled out even if at
least the measured technology commitment also corresponds
to the figures from another study with older people in Germany
with varying degrees of experience in the use of technology [9].
In addition, study participation was not dependent on specific
criteria related to mobility limitation or malnutrition. In a recent
review with meta-analysis on nutritional status and physical
functionality of geriatric patients in rehabilitation, it was
demonstrated that a large proportion of persons in geriatric
rehabilitation are affected by malnutrition and mobility
restrictions [3]. The results of our tests also confirmed this
finding for the participants of this study. Malnutrition was
present in 27% (13/49) of the participants, and the risk of
malnutrition was present in 51% (25/49) of the participants, as
measured by the MNA-SF. The PASE score was 46.2, which
is significantly lower than the average score of
community-dwelling older adults reported by Washburn et al
[56].

Data collection was conducted by study team members who
were involved in the development of the e-coach. An uninvolved
person would have had to conduct usability tests to increase the
objectivity of these tests. This was not possible because of the
financial resources of the project.

Moreover, the test situation itself may have biased the results.
On the one hand, it is likely that older adults were more nervous
and made more mistakes than if they had used the e-coach
unobserved. On the other hand, the possibility of receiving hints
and help from the examiner could also have led to a situation
in which help was requested more quickly and, if necessary,
tasks would have been solved after some time without the help
of the study team member. In addition, it cannot be ruled out
that unintentional nonverbal responses were given by the study
team (eg, nodding) that were not recorded in the documentation.

In the context of this study, the time spent on the task was not
determined. The time it takes a participant to complete a task
can be an indicator of usability, as quick performance can also
indicate ease of use. However, there is also evidence from a
study by Sonderegger et al [57] that the time to complete a task
is less related to perceived usability in older people than in
younger people. We decided not to measure the time during
tasks so as not to create additional pressure in the already
unfamiliar test situation and because time-critical aspects
presumably tend to play a minor role in the use by our target
group.

This study only evaluated whether e-coach elements are
generally usable for older adults. It provides an indication of
the e-coach’s usability for first-time users but not for a longer
period of use.
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Conclusions
This study involved older people undergoing inpatient
rehabilitation in iterative optimization and usability testing for
an e-coach according to the German International Organization
for Standardization 9241-210:2019 Ergonomics of
human–system interaction—Part 210: Human-centered design
of interactive systems [24] and the user-centered design process
[23]. It has been shown that this approach can be successfully
applied to this vulnerable and low technologically skilled target
group. The involvement of the target group was very important
in developing a program that older people could rely on that is
oriented to their needs, that is based on a psychological model
for long-term behavior change, and that can also be used by
them. When an app addresses important health issues (eg,

malnutrition and inactivity), it seems particularly important to
consider known barriers such as a lack of confidence in the app,
low usability, or even users’ low existing technical experience
and to offer evidence-based support [9].

As the target group is particularly vulnerable, and an individual’s
willingness to continuously use the e-coach may impose an
additional burden on them, it is essential to evaluate the
acceptance, willingness, and adherence for long-term use of the
system in a further study. Previous studies have shown that it
can be very difficult to recruit patients for such long-term use
of technical devices in this target group, and that good usability,
as well as subjective benefits for patients, must necessarily be
present [58].
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Abstract

Background: Increased physical activity (PA) levels are associated with reduced risk and improved survival for several cancers;
however, most Americans engage in less than the recommended levels of PA. Using interactive voice response (IVR) systems
to provide personalized health education and counseling may represent a high-reach, low-cost strategy for addressing physical
inactivity and cancer disparities in disproportionately burdened rural regions. However, there has been a paucity of research
conducted in this area to date.

Objective: The aim of this study is to design, develop, and test the usability of an IVR system aimed at increasing PA levels in
the rural Alabama Black Belt.

Methods: A pilot version of the IVR system was used to assess initial feasibility and acceptability. Detailed exit interviews
were conducted to elicit participant feedback, which helped inform the development of a substantially upgraded in-house IVR
system. This refined IVR system was then subjected to a sequential explanatory mixed methods evaluation. Participating rural
county coordinators and research staff (N=10) tested the usability of the IVR system features for 2 weeks and then completed
the System Usability Scale and qualitative semistructured interviews.

Results: The study sample comprised mostly African American people, women, rural county coordinators, and research staff
(N=10). Participants rated the IVR system with a mean score of 81 (SD 5) on the System Usability Scale, implying excellent
usability. In total, 5 overarching themes emerged from the qualitative interviews: likes or dislikes of the intervention, barriers to
or facilitators of PA, technical difficulties, quality of calls, and suggestions for intervention improvement. Message framing on
step feedback, call completion incentives, and incremental goal-setting challenges were areas identified for improvement. The
positive areas highlighted in the interviews included the personalized call schedules, flexibility to call in or receive a call, ability
to make up for missed calls, narration, and PA tips.
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Conclusions: The usability testing and feedback received from the rural county coordinators and research staff helped inform
a final round of refinement to the IVR system before use in a large randomized controlled trial. This study stresses the importance
of usability testing of all digital health interventions and the benefits it can offer to the intervention.

(JMIR Hum Factors 2022;9(1):e29494)   doi:10.2196/29494

KEYWORDS

interactive voice response systems; usability; exercise; physical activity; rural health; telehealth

Introduction

Background
Automated telephone-based intervention strategies may be key
to overcoming the numerous barriers to physical activity (PA)
promotion and cancer control in the Alabama Black Belt, a rural
region named for its rich soil but whose population is at
increased risk for sedentary lifestyles and related cancer
disparities [1]. Low literacy, poverty, lack of transportation,
cultural preferences, and distance from PA facilities often
impede access to PA information and resources in this region
[2]. Interactive voice response (IVR) systems allow users to
interact by pressing keys on the telephone keypad and can be
effective in targeting behavior change [3]. The recent National
Health Interview Survey estimates that only 0.7% of the
population in the United States is phoneless [4], thereby
demonstrating the potential for a wider reach of IVR
interventions. Moreover, IVRs do not require clinic visits, high
literacy, or access to costly technology [5,6].

In response, we have developed an IVR-delivered PA
intervention that is currently being tested in a large randomized
controlled trial (RCT) in 6 rural Black Belt counties of Alabama.
This paper describes the process that led us to the design of the
IVR system and the results of the usability testing that was
conducted before the commencement of the RCT.

As with any intervention, particularly digital health
interventions, examination of the usability of the developed
intervention before the actual deployment of the intervention
is vital [7]. With IVR systems featuring only voice-based output
and keypad-based input, a seamless user experience can indeed
be tricky [8-10]. IVR-based intervention systems can pose more
challenges than simple IVR data collection systems, as
IVR-based intervention systems need to focus on achieving
minimal information navigation time, while featuring maximal
information relevance and capacity [8].

Objectives
Our proposed study aims to target rural Black Belt counties of
Alabama that are marked by low literacy and education levels
[1,2]. Although there is a body of work focused on the usability
of IVR systems [8-10], there is limited research on the usability
of IVR systems for rural settings and underserved populations.
This limited body of literature has used surveys and interviews
to evaluate the usability of IVR systems. This study seeks to
fill this gap in the literature by reporting our development
methodology, system features, and explanatory sequential mixed
methods design to assess the usability of the IVR system. Our
hypotheses are that most participants in this usability study will

rate the usability of the IVR system favorably and provide useful
suggestions for further improvements during interviews.

Methods

Parent Study Overview
The parent study (R01CA233550) is an ongoing RCT (N=240)
comparing a Deep South IVR-Supported Active Lifestyle
(DIAL) intervention with a waitlist control among underactive
adults residing in 6 rural Alabama counties [11]. On the basis
of the social cognitive theory (SCT) [12], this study extends an
IVR-supported PA intervention that targets key SCT constructs
(self-regulation, self-efficacy, enjoyment, outcome expectations,
and social support) through IVR counseling calls. The
participants are provided pedometers (Accusplit AX2790MV)
and Fitbit activity monitors (model: Inspire) to record daily
steps and receive progress feedback via the IVR PA-tracking
and goal-setting calls.

The number of calls in a week tapers as participants progress
through the intervention (from daily calls in months 0-3 to twice
per week in months 4-6 and weekly in months 7-12), and the
content of the calls vary based on specific days of the
intervention.

Iterative IVR System Design

Piloting a Beta Version of IVR
A previous pilot study (R03CA177538) tested a beta version
of this IVR system with a convenience sample (N=63) [13-15].
Findings from this trial supported the feasibility and
acceptability of the approach and helped further refine the
technology and theory-driven intervention components in
preparation for extension to rural populations. More specifically,
the findings yielded the need for IVR-initiated calls as opposed
to only participant-initiated calls, specific targeting of unchanged
SCT constructs and incorporating multi-level strategies
(incremental goal-setting and county coordinator support) for
increased support, accountability, and sustainability [14].

The IVR system used in this pilot study was a commercial IVR
system and posed several limitations. First, all voice clips were
prerecorded by voice narrators and uploaded. Second, the system
only worked by participants calling into the system and did not
offer a way for the system to initiate calls. The commercial
system also posed limitations in terms of dynamic tailored
questions that used earlier responses to frame newer questions
as the call progressed.

Upgrading and Refining the IVR System
In response to this pilot study feedback, we developed a
completely homegrown IVR system for the parent RCT using
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more up-to-date technology. This new system was hosted on a
Linux server, powered by an Apache web server, programmed
using the Laravel framework (a hypertext preprocessor–based
rapid development framework), data stored using a MySQL
database, and connected to Twilio for telephony.

Although the system was being developed, we conducted focus
groups with multiple stakeholder groups (rural county
coordinators and research staff from the University of Alabama
at Birmingham [UAB] O’Neal Comprehensive Cancer Center
Community Outreach and Engagement Office). For the focus
groups, we generated 3 sample voice clips of intervention
messages using Amazon Polly, a text-to-speech engine, and
presented the 3 sample voice clips to our stakeholders. Amazon
Polly is capable of close to human-like voices, which resulted
in stakeholders preferring Amazon Polly voices over prerecorded
human voices. This choice of Amazon Polly voices also allows
for the use of different tones and genders for the voices during
the calls and avoids the extensive time and financial costs
associated with rerecording message libraries with human
narrators every time an edit is made to the content.

The focus group participants also provided feedback on
incoming versus outgoing calls, the preferred procedure to
handle missed calls, and other support strategies. More
specifically, they felt that their community members and
potential participants would appreciate the flexibility and
convenience of bidirectional calls and the option to fill in missed
call data at later dates. The need to be able to change phone
numbers and allow incoming calls from new (unregistered)
numbers was stressed. Support strategies, such as brief
counseling sessions during in-person data collection and offering
Fitbit devices were also suggested.

The system development was conducted in an agile fashion,
with regular demonstrations to the rural country coordinators
from the UAB O’Neal Comprehensive Cancer Center
Community Outreach and Engagement Office. Their feedback
regarding the speed of the voice clips, pauses between sentences,
pauses in sentences, length of the phone call, reading level of
the language used in the calls, and logical flow of the content
resulted in numerous edits. The system included a participant
call completion incentive mechanism that awarded the
participants a minimum of US $0.25 for each call completed.
However, the incentive amount became US $0.50 when the
participant completed 7 preceding calls, with the incentive
falling back to US $0.25 when a call was not completed.

The development phase concluded with the core project staff
(DP, MT, ST, and VR) pilot-testing the revised system to
identify and fix any problems. Some examples of the problems
identified and fixed include system expecting responses within
5 seconds, incorrect feedback messages, and outgoing calls not
being placed as scheduled. After this, a formal usability test
was conducted as detailed in the following section. Finally, the
system went through another round of iterative refinements
based on the findings from the usability testing. The details of
the resultant system are presented in the Results section.

Usability Testing

Study Design
This study incorporated an explanatory sequential mixed
methods design to assess the usability of an IVR phone
counseling system that will be extended to physically inactive
residents in 6 rural Alabama counties (Hale, Choctaw, Greene,
Marengo, Dallas, and Sumter). Demographics were assessed at
baseline. System usability and semistructured interviews were
conducted at the 2-week follow-up.

Participants
The sample for usability testing comprised 10 rural county
coordinators and research staff affiliated with the UAB O’Neal
Comprehensive Cancer Center Community Outreach and
Engagement Office who would later serve a critical role in
recruitment, assessment, and intervention delivery for the RCT
study but had yet to be exposed to the newly developed IVR
system.

Procedures
Each participant completed a one-on-one orientation via Zoom
with the DIAL program manager or principal investigator.
During the session, the participants were given an overview of
the usability study protocols and the IVR system, completed an
initial IVR call with the research team, and asked questions.

Following orientation, the participants began wearing a
study-provided pedometer or an approved personal activity
monitor (ie, Fitbit or Apple Watch) and receiving daily IVR
calls from DIAL for 2 weeks. The participants received all 3
types of IVR calls: PA-tracking, goal-setting, and counseling
calls. For tracking calls, the participants answered PA questions
(reported pedometer use, steps per day, and any
moderate-intensity PA in the past 24 hours) and received PA
tips and feedback. Tracking calls lasted approximately 1 minute
per call. During the counseling calls, the participants answered
PA questions and additional questions covering PA self-efficacy,
enjoyment, outcome expectations, and social support. Moreover,
they received tailored feedback on these psychosocial variables
based on their individual responses to these questions.
Counseling calls lasted approximately 10 minutes per call.
Goal-setting calls allowed the participants to set their own step
goal or increase their current step goal by 500 steps for the
upcoming week. Goal-setting calls lasted approximately 5
minutes per call. In the 2-week period, the participants received
1 call per day, with a total of 1 goal-setting call, 1 counseling
call, and 12 PA-tracking calls.

Quantitative Measures

Demographics

Participant demographics, including age, gender, educational
attainment, race and ethnicity, household income, employment,
marital status, and number of children living at home were
assessed at baseline.

Survey Items

At follow-up, the participants completed the System Usability
Survey (10 items) on the web via Qualtrics XM (Qualtrics)
combined with 4 more project-specific items. All 14 items were
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aimed at assessing how the participants felt about the phone
counseling system after using it for 2 weeks. The participants
responded to the statement—Please select the answer that best
expresses how you feel about each statement after using the
phone counseling system over the past 2 weeks—for items such
as I think I would like to use this phone counseling system
frequently, I thought the phone counseling system was easy to
use, I felt very confident using the phone counseling system,
and I needed to learn a lot of things before I could get going
with this phone counseling system. The 4 project-specific items
were worded as How likely are you to recommend this system
to others?, Did you receive your calls at the scheduled time?,
What gender was the voice on your calls?, and Did you use the
study-provided pedometer to track your steps?

Quantitative Analysis
All quantitative data collected during this study were
descriptively analyzed. Microsoft Excel was used for all the
quantitative analyses.

Qualitative Methodology
After 2 weeks of receiving calls and completing the quantitative
survey, all 10 rural county coordinators and research staff
participated in one-on-one, semistructured interviews conducted
via Zoom regarding their experiences with the calls and how
usability could be improved before implementing the IVR for
the RCT. The semistructured interview guide was developed
by coauthors (DP and SN) and included questions regarding
motivation to exercise, likes and dislikes of the calls, specific
call features that could motivate or demotivate individuals,
technical aspects of the IVR call, and suggestions for
improvement. To ensure consistency, all interviews were
conducted in July 2020 by 1 member of the study team (SN)

with expertise and experience in qualitative interviewing. SN
is not involved in any aspect of the broader RCT or technology
design and development and was engaged to serve as a neutral
evaluator for the purpose of this usability evaluation.

Qualitative Analysis
All interviews were audio-recorded and transcribed verbatim
by a professional transcription service. Thematic analysis [16]
was conducted using NVivo 13 (QSR International) [17].
Investigator triangulation methodology was conducted [18] by
a 2-member analysis team (DP and SN) with experience in
qualitative methodology in social science disciplines (clinical
psychology and medical sociology) who independently reviewed
transcripts through line-by-line coding. After the initial
categories and themes were generated in a cyclical, iterative
process, the full research team refined the existing categories,
themes, and subthemes. Discrepancies, although infrequent,
were addressed with the research team.

Results

Participant Characteristics
Participant characteristics are shown in Table 1. The total sample
included 10 participants with an average age of 48.7 (SD 18.6)
years. The sample comprised largely female (8/10, 80%), Black
(8/10, 80%), and non-Hispanic or Latino (9/10, 90%)
participants, and had no children living at home (9/10, 90%).
Most reported completing college (6/10, 60%) and either
full-time or part-time employment at the time of usability
testing. Half of the sample (5/10, 50%) reported <US $50,000
annual household income, and only 30% (3/10) of the
participants reported never being married.
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Table 1. Demographic characteristics of the usability testing participants (N=10).

ValuesDemographics

48.7 (18.6)Age (years), mean (SD)

Sex, n (%)

8 (80)Female

Race, n (%)

8 (80)Black or African American

1 (10)Non-Hispanic or Latino

1 (10)Other

Education, n (%)

4 (40)Some college

3 (30)College graduate

3 (30)Postgraduate work

Household annual income (US $), n (%)

5 (50)<50,000

5 (50)≥50,000

Marital status, n (%)

3 (30)Single (never married)

4 (40)Married

3 (30)Divorced

Children living at home, n (%)

9 (90)None

1 (10)≥1

Quantitative Results
The usability testing survey that was conducted after 2 weeks
of IVR system use yielded positive results (Table 2). All
participants (10/10, 100%) agreed that the IVR system was easy
to use without the need for technical assistance or extensive
learning, and most (7/10, 70%) would recommend the IVR
system to others. The participants were confident in using IVR
(8/10, 80%), and 70% (7/10) would like to use IVR frequently.
Very few participants found the IVR system cumbersome (2/10,
20%) or confusing (3/10, 30%), and only 10% (1/10) of the
participants found the IVR system to be unnecessarily complex.
In terms of functionality, 70% (7/10) of the participants agreed

that the various functions of the IVR system were
well-integrated. The participants (7/10, 70%) reported receiving
their calls at the scheduled time, and 90% (9/10) reported a
female voice on their calls. Only 40% (4/10) of the participants
reported wearing the study pedometer; however, of the 60%
(6/10) who did not wear the study pedometer, 50% (3/6) used
an Apple Watch and 50% (3/6) used a Fitbit Inspire. To
numerically interpret the usability of the system, the
standardized System Usability Scale scoring procedure was
used [19]. This resulted in an average score of 81 (SD 5).
Previous research indicates that a System Usability Scale score
of >68 can be considered as above-average usability. This score
of 81 translates to an excellent usability rating [20].
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Table 2. Usability testing survey results (N=10).

Participants, n (%)Statement and answersa

I think I would like to use this phone counseling system frequently.

7 (70)Somewhat agree

3 (30)Neither agree nor disagree

I found the phone counseling system unnecessarily complex.

7 (70)Strongly disagree

2 (20)Somewhat disagree

1 (10)Somewhat agree

I thought the phone counseling system was easy to use.

5 (50)Strongly agree

5 (50)Somewhat agree

I think that I would need the support of a technical person to be able to use this system.

7 (70)Strongly disagree

3 (30)Somewhat disagree

I found the various functions in this phone counseling system were well-integrated.

3 (30)Strongly agree

4 (40)Somewhat agree

3 (30)Somewhat disagree

I thought there was too much inconsistency in this phone counseling system.

4 (40)Strongly disagree

3 (30)Somewhat disagree

2 (20)Neither agree nor disagree

1 (10)Somewhat agree

I would imagine that most people would learn to use this phone counseling system very quickly.

4 (40)Strongly agree

6 (60)Somewhat agree

I found the phone counseling system very cumbersome to use.

4 (40)Strongly disagree

4 (40)Somewhat disagree

1 (10)Neither agree nor disagree

1 (10)Somewhat agree

I felt very confident using the phone counseling system.

6 (60)Strongly agree

2 (20)Somewhat agree

1 (10)Neither agree nor disagree

1 (10)Somewhat disagree

I needed to learn a lot of things before I could get going with this phone counseling system.

5 (50)Strongly disagree

5 (50)Somewhat disagree

How likely are you to recommend this system to others? (Scale of 0-10)

2 (20)2

1 (10)6

4 (40)8
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Participants, n (%)Statement and answersa

2 (20)9

1 (10)10

Did you receive your calls at the scheduled time?

7 (70)Yes

3 (30)No

What gender was the voice on your calls?

9 (90)Female

1 (10)Both male and female

Did you use the study-provided pedometer to track your steps?

4 (40)Yes

6 (60)No

3 (30)Apple Watch

3 (30)Fitbit Inspire

aPlease select the answer that best expresses how you feel about each statement after using the phone counseling system over the past 2 weeks.

Qualitative Results
A total of 5 overarching themes emerged: (1) likes or dislikes
of the intervention, (2) barriers to or facilitators of PA, (3)
technical difficulties, (4) quality of the calls, and (5) suggestions
for improvement of the intervention.

Likes and Dislikes About the IVR Intervention
When asked what they liked about the DIAL intervention,
several participants stated that the phone calls motivated them
to exercise and kept them accountable:

I wasn't as active, but after I went through the calls,
I became more active and aware, and I was becoming
used to the calls, and I was looking forward to the
calls, and I was looking forward to the motivational
tips.

I think because it held me accountable. The
accountability to hear what I had accomplished and
what I not accomplished, that adds extra value
because it almost puts a mirror in front of your face,
and says, “Look.” Sometimes it's very difficult to look
at that mirror, and say, “This is what I have or have
not done.”

The participants also appreciated the flexibility of the (new)
bidirectional call format:

One thing I did like was that, for instance, if I did not
make my call. I had the opportunity to call back. That
was good.

You have the different options and different times of
calling, I think that's good for the people that's busy.
So if they miss the call, they can call back, or the
system will call them back, but if they need to change
their time of the call, then they able to do that.

Finally, the participants looked forward to the PA tips at the
end of the call:

I think motivating tips at the end, they were good. I
knew them already, but I listened to them. So I think
that they were good for people that's just starting out
with their health journey.

Regarding dislikes, the participants expressed concerns that
specific step feedback messages were negative and stern. For
example, when <10,000 steps per day were reported in the
PA-tracking call, the participants received the following
feedback:

Thanks for reporting your steps. You did not meet the
DIAL study step goal of 10,000 steps per day yet, but
you are on your way. Keep making small increases
until you get there.

The participants had strong reactions to this feedback and
compared it to a slap in the face:

It would be a little discouraging to hear that every
day, “You didn't meet your 10,000 steps goal. You
did not meet the goal. You did not meet the goal.”

The incentives for IVR call completion were another dislike,
particularly for rural county coordinators:

I don't think that that 25 cents is helpful for motivating
people to continue to get the call.

What’s with the incentive? That's kind of really, make
you feel a little worthless.

Other participants were more open to the idea:

Anything that's an incentive that would give people
the extra motivation to want to do it, I think it's a good
idea...it's not much, but it gives you that sense of, “I
made it. I got a quarter, I got 50 cents.” It's not much,
but it's that knowing that something is in [it at] the
end for you.
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Facilitators of and Barriers to Participating in PA or
the IVR Intervention
Chronic disease prevention and management was an important
motivator for participation in PA or the IVR intervention:

I think depending on where people are in their lives,
being physically active might be motivated by so
saying, “Hey, this disease process can be kept at bay
or managed or maybe even prevented if you exercise.”

Social support was also key to encouraging PA initiation and
maintenance, especially once the DIAL intervention ended:

Yes, I do think that they will start or to continue to
exercise if they have a friend or a buddy to walk with
or whatever. I think that that is important to have
someone to exercise with.

I think that the interpersonal aspect of it will be really
important. Although it's not a person, when that
connection and accountability with the phone system
is removed, I think it will be really important to have
that from another source, and hopefully other
participants or family members of the participants.

As for barriers to engaging in PA and completing the IVR calls,
the participants stressed the lack of time and competing interests:

There are many, many days where I don't want to do
any physical activity. I would say actually most days.
It's not because it's tedious. It's because I have so
many things to do, and I keep thinking, “Wow. I got
to spend that hour doing this.”

Technical Difficulties
The participants described experiencing some initial technical
difficulties with the IVR calls, such as receiving calls at incorrect
times or with system error messages. The programming decision
to skip calls on holidays also seemed to cause some confusion
and was changed as a result:

During the 4th of July holidays, I didn't receive any
calls at all that weekend.

Finally, the participants learned to take their time entering the
responses during the IVR calls:

If you trying to speed it up and hurry up, you know
you going to press two, nuh-uh. it's going to hit you
with an error.

Quality of the Calls
The participants generally indicated that the quality of the call
is good. In fact, rural county coordinators had previously given
the Amazon Polly narration a favorable review at a focus group.
During usability testing, several participants distinguished the
female voice options as less monotone, robotish than certain
boring male voice options. The pace of the calls received mixed
reviews; It really was a good pace for some and a bit too fast
for others:

There were times where it felt like it was moving a
bit too fast, especially when there were multiple
options or the question or the prompt was read or
said, and then the answers were said immediately

after. I don't know, sometimes it was rushed through,
it felt like.

Suggestions
The participants stated that they preferred to have written
user-friendly instruction materials that could be used during the
calls:

I think you can give them a little prompt card. Like
some of the prompts. Because it's just different every
time, but just a small, little introduction of what to
expect.

The participants also suggested that having printed materials
of the survey readily available to community participants would
be beneficial and crucial for capturing accurate data:

I think it would help to have some sort of printout.
Just a scale that says, “This is what one means, and
this is what 100 means.” Because again, and maybe
I just was doing too many things sometimes. For me
to remember what that scale was. If I had a call that
was coming through, of course I would not click over,
but that's a distraction for me, again. So if I'm in the
middle of a question, I'm like, “Oh my gosh. Am I
supposed to pick 1 or 100.” I think a printout scale
or something in front of me probably would have
reminded me, because again, some days I'm putting
one, some days I'm putting 99, and that's not what I
meant. But there was no way for me to go back and
erase my answer, to my knowledge. I don't know if I
missed that in the training, but I just thought, “Oops.”
But that was just my short term memory, and knowing
I needed to complete the call.

In addition to the advantage of obtaining accurate data, the
participants stated that having printed materials would also
mitigate noncompliance from frustration:

Anything that we could get to assist would always be
helpful. So, if we could come up with something, some
type of visual aid for the older generation, then that
will be great. I'm sure everybody can work a phone,
but you want to make sure that they're not getting
confused. Because once they get confused, confusion
causes discouraged sometimes. So, you don't want to
get them confused. So, yeah, if we could come up with
some type of handout that would be great.

The participants suggested that step goals should be modest and
community participants should be reminded to gradually
increase their steps during the study:

Take baby steps. I think if you want to see somebody
make it to that 10,000 goal marker, try to start small,
like see where they're at and see what is an average
for the participant and then work your way up from
there. And ultimately, it may be just too hard for
somebody's daily schedule to meet that 10,000 goal
step without making significant changes to their daily
routines. But I think if you take baby steps, then for
a good bit of the participants, you may not got to do
it for everybody, but at least a certain group of the
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participants, and you're able to get some changes,
like an increase in daily steps from them, they're all
meeting the goals, then I think that could be a good
motivating factor.

It did tell me, try to add a 500 steps for the next time,
but I feel like it should be more personalized like,
“Okay, you got 2000, tomorrow let's try to get 2,500.”
And then when they call the next day, if they have the
2,500 be like, “Great, you met the goal. Do you think
you could add another 500?” I feel like that's how it
should be. I don't feel like the bar should right off the
top be 10,000 because that's a lot for some people.

The participants also provided solutions for the previously
mentioned issues with incentives for call completion (eg,
substituting nonmonetary incentives and a point system):

I can tell you that getting 25 cents for each phone call
was not motivating at all. Yeah. I don't mean to be
blunt, but it wasn't. It wasn't motivating. How much
I earned at the end of each phone call, it just didn't
motivate me. Now, if I earned points for each phone
call, and I could redeem those points in some sort of
physical activity, online store.

I mean, the value may be still $3.75, but with let's just
say 375 points may be like a gift. It may be a
pedometer. It may be a little lunch tote, or it may be
something else. People can use a tote. They can use
a pedometer. They can use even a cup or a mug, or
a water bottle if they're exercising. But what can you
do with $3.75?

Finally, the participants discussed the tips provided to increase
the number of steps and suggested that they be personalized to
the Deep South rural community:

For instance, tell them like get up during commercial
break and walk around your coffee table twice. That's
feasible. It's within reach and it doesn't take a lot of
effort to go out. Because think about these people that
don't have parks nearby. We're telling them to go to
the nearest park. Well, there is no nearest park.

Tell them, okay, well walk around your house two
times or walk to the mailbox twice or for instance
what's something else. Go three mailboxes down and
come back. Something that people can be like, “Oh
yeah, I can do that. I never thought to do that.”

Discussion

Summary
Innovative IVR systems hold the potential to overcome barriers
to achieving the recommended levels of PA in the rural Black
Belt region of Alabama [3]. However, no previous research has
examined IVR systems in rural contexts to increase PA levels.
We developed an IVR system in an iterative manner based on
feedback from earlier pilot studies, focus groups, and the current
usability testing with key stakeholders (both community
members and local county coordinators with UAB O’Neal
Comprehensive Cancer Center Community Outreach and
Engagement Office). The resultant system was characterized

by high usability and is currently being tested for efficacy in an
RCT.

Principal Findings and Resultant IVR System
The IVR system received a numerical usability score of
81—equating to an excellent usability score. The sequential
explanatory mixed methods design we adopted helped us
identify several opportunities for improvement through the
qualitative interviews. After usability testing (qualitative
interviews), we implemented several improvements into the
system. First, we modified our messaging when the participants
failed to reach their goals to sound less negative or stern. We
implemented graceful handling of wrong key presses by
participants; instead of informing them that they had pressed a
wrong key, we reworded to say that the system could not
understand. We implemented a detailed orientation session
procedure in which the IVR system was oriented and printed
materials were made available. Instead of directly pushing the
participants toward 10,000 steps, following participant feedback,
we implemented incremental goals of 250 steps per week. We
reworded our reward system to use the word points instead of
cents to emphasize the gamification of IVR adherence versus
financial transactions. Finally, we also added several more PA
tips as suggested by our interview participants.

As a means to further test the system before the commencement
of the RCT, the core group of researchers working on this study
met to discuss whether further formal usability testing was
required. As most reported issues pertained to wording or
content, it was decided that no further usability testing was
needed. However, the core group of researchers were listed as
pilot users of the IVR system. These pilot users were scheduled
approximately 2-3 weeks ahead of the actual RCT participants.
These researchers actively tested the system daily and reported
to the development team on any issue found. This enabled the
development team to aggressively address the issues before any
RCT study participants encountered them. Some example issues
identified and fixed using this approach included problems when
the participants moved from one phase (daily calls) to another
(biweekly calls) and nonavailability of new PA strategies to
suggest to participants. Our 2 weeks ahead approach enabled
us to resolve these issues before any real participants
encountered them while avoiding lapses in time that would
delay the project.

Our final product is a comprehensive IVR system with
cutting-edge capabilities such as streamlined calls, smart
dropped calls handling, and assignable voice gender. Future
research should examine the added value of such features and
their impact on this promising technology.

Final IVR System Design
The feedback during, before, and after the usability testing was
used to iteratively refine the IVR system. The resultant system,
which is now being used in the RCT, is described as follows:

1. The system is designed to handle complex call schedules
involving different types of calls during different phases of
the intervention and the randomization group.
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2. The system can receive incoming calls and smartly place
outgoing calls only if the participant has a pending
incomplete call.

3. To protect the privacy of the participants, they are identified
using their phone number and a personal identification
number (PIN). When the participants use their registered
phone, only a PIN is required. When the participants use a
phone other than their registered phone, both the registered
phone number and PIN are required. This achieves a balance
between user experience and security.

4. New participants are registered on a web portal by a study
manager who retrieves the unique PIN for the user. The
study manager is then able to print the PIN and other
instructional materials in an educational binder for the
participants.

5. A comprehensive missed call policy has been implemented,
with the system retrying the call after 30 minutes. Again,
if there is no response, the call is marked as incomplete and
can be completed the next day.

6. A smart dropped-call policy has also been implemented,
wherein if a participant drops midway through a call and
the user connects again within a preset time limit, the
participant is able to continue from the last question they
answered.

7. One of the most significant aspects affecting the usability
of IVR systems is the information navigation time [7]. We
have essentially eliminated the navigation time by streaming
the content for calls in multiple ways. First, calls are not
placed unless there is a pending survey to be completed.
Second, when users have multiple surveys due, the system
combines all the surveys and offers them in a sequence.
Finally, if the participant has any pending surveys as a result
of missed calls in the previous 2 days, the system offers the
missed surveys in sequence.

8. Many IVR systems require a significant amount of time
because of the confirmation messages, such as “You pressed
6, press 1 if this is right or press 2 to change.” These
confirmation messages are necessary as it is easy for a
participant to accidentally mistype a number; however,
these confirmation messages almost double the call time.
To overcome this, during the orientation session, we educate
the users on pressing * anytime during the call to edit the
last response.

9. The participants can call the IVR system anytime and
change their preferred call receiving time.

10. To maximize information relevance [7], the system is
programmed to be able to look up the participant’s previous
step goals, PA self-efficacy, enjoyment, social support, and
outcome expectancies and use those values as a part of the
conversation—thereby leading to high relevance.

11. To maximize information capacity [7], a bank of
PA-increasing strategies has been created, with new
strategies being revealed on a weekly basis. Similarly, a
bank of greeting messages has also been made available.
Through these mechanisms, despite the daily calls during
the first 3 months, the users would find a variety of content
being delivered.

12. At the end of each call, the system announces the reward
points earned by the participant, which can be redeemed
for actual monetary incentives. Before the usability testing,
we directly referred to points as cents. However, we learned
from usability testing that the participants felt that 25 cents
per call made them feel that their time was worthless. Thus,
we reworded our call content to award points rather than
cents.

13. The gender of the voice narration in the call can be set to
match the gender of the participant, to the opposite gender,
or to be random.

Strengths and Limitations
This study had a few limitations. First, usability testing was
conducted during the COVID-19 pandemic; thus, for participant
safety, all surveys and interviews were conducted remotely, and
participation was limited to community health advisors and
staff. Although these community health advisors live and work
in the same rural counties of the Black Belt region of Alabama
as the future participants, it is possible that they do not
accurately represent the demographics of the participants (eg,
education levels) who would participate in the RCT study. In
addition, our demographics includes predominantly female and
non-Hispanic or Latino populations.

However, this opportunity allowed rural county coordinators
to gain familiarity and comfort with the inner workings of the
IVR system before spearheading its dissemination among their
own communities. Thus, they will be more prepared to orient
participants to the IVR system and field their questions.
Moreover, playing such a key role in the development and
refinement of this technology likely enhanced the sense of
buy-in and ownership among these key stakeholders and
gatekeepers to the community and substantially improved the
final product.

Conclusions
This study demonstrated that the developed IVR system is usable
and has the potential to increase the levels of PA. Study findings
provided insight into the participants’ preferred language,
narration tones, rewards, and variety of messaging. These
insights can be valuable for future studies that seek to develop
IVR-based interventions.
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Abstract

Background: Research integrating multisensory home-monitoring in respiratory disease is scarce. Therefore, we created a
novel multisensory home-monitoring device tailored for long-term respiratory disease management (named the CAir-Desk). We
hypothesize that recent technological accomplishments can be integrated into a multisensory participant-driven platform. We
also believe that this platform could improve chronic disease management and be accessible to large groups at an acceptable
cost.

Objective: This study aimed to report on user adherence and acceptance as well as system functionality of the CAir-Desk in a
sample of participants with stable chronic obstructive pulmonary disease (COPD) or asthma.

Methods: We conducted an observational usability study. Participants took part in 4 weeks of home-monitoring with the
CAir-Desk. The CAir-Desk recorded data from all participants on symptom burden, physical activity, spirometry, and environmental
air quality; data on sputum production, and nocturnal cough were only recorded for participants who experienced symptoms.
After the study period, participants reported on their perceptions of the usability of the monitoring device through a purpose-designed
questionnaire. We used descriptive statistics and visualizations to display results.

Results: Ten participants, 5 with COPD and 5 with asthma took part in this study. They completed symptom burden questionnaires
on a median of 96% (25th percentile 14%, 75th percentile 96%), spirometry recordings on 55% (20%, 94%), wrist-worn physical
activity recordings on 100% (97%, 100%), arm-worn physical activity recordings on 45% (13%, 63%), nocturnal cough recordings
on 34% (9%, 54%), sputum recordings on 5% (3%, 12%), and environmental air quality recordings on 100% (99%, 100%) of
the study days. The participants indicated that the measurements consumed a median of 13 (10, 15) min daily, and that they
preferred the wrist-worn physical activity monitor to the arm-worn physical activity monitor.

Conclusions: The CAir-Desk showed favorable technical performance and was well-accepted by our sample of participants
with stable COPD and asthma. The obtained insights were used in a redesign of the CAir-Desk, which is currently applied in a
randomized controlled trial including an interventional program.

(JMIR Hum Factors 2022;9(1):e31448)   doi:10.2196/31448
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home monitoring; digital health; respiratory disease; usability; feasibility; adherence; disease management; chronic disease;
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Introduction

Respiratory disease has a huge impact on global health. Taken
together, both acute and chronic respiratory disease rank second
among all-cause mortality [1]. At the same time, chronic
respiratory disorders carry substantial disease burden. Chronic
obstructive pulmonary disease (COPD), a major chronic
respiratory condition, poses a substantial risk of disability (the
ninth most frequent cause of disability worldwide) [1]. Global
networks of experts engage in improving diagnostic approaches
and researching the most effective treatment modalities for
chronic respiratory disease [2,3]. Current evidence indicates
multimodal diagnostic and treatment approaches to be the
method of choice.

Technological advances substantially impact health care.
Home-monitoring and self-reporting allow more frequent
measurements of individuals’ symptoms and behaviors,
supported by seamless data transfer, storage, and analysis in
the cloud, enabling on-demand overviews of subjects’ health
states and trajectories. However, cutting-edge technology seems
scarcely implemented into clinical practice and clinical research.
The most widely used approach is “tele-healthcare,” in which
part of the management is carried out through telephone calls
[4-7]. This is an interesting option in mobility-compromised
populations or for minor health issues. However, this approach
is still staff-intense and provides a unidimensional focus on
solely patient-reported outcomes (PROMs). Furthermore,
appointments, and accordingly the time points when the PROMs
are measured, are most commonly dictated by the schedule of
the health care professionals and not by the time point at which
participants experience symptoms, attacks, barriers, or
insecurities. We hypothesize that recent technological
accomplishments can be integrated into a multisensory

participant-driven platform, which involves both PROMs and
disease markers incorporating multiple measures from a variety
of sensors. We also believe that this platform could improve
chronic disease management and be accessible to large groups
at an acceptable cost.

Research integrating multisensory home-monitoring in
respiratory disease is scarce [8]. The available investigations
were most commonly unidimensional, short-term, and
small-scale. To overcome these shortcomings, we developed a
novel multisensory home-monitoring device tailored for
long-term respiratory disease management (named the
“CAir-Desk”), which is optimized for user experience, health
workflow, and outcomes. In this study, we report on system
functionality of the novel CAir-Desk and feasibility, as well as
user adherence and acceptance in a sample of participants with
stable COPD or asthma.

Methods

Study Design
We conducted an observational usability study. Participants
conducted 4 weeks of disease home-monitoring with the
CAir-Desk, without interventions or modifications to their
established treatment regimen. The participants were instructed
to place the CAir-Desk in their bedroom and take daily
measurements in accordance with a schedule (Figure 1). After
the study period, participants reported their perceptions on the
usability of the CAir-Desk with a purpose-designed
questionnaire (Multimedia Appendix 1). This study did not fall
within the scope of the Human Research Act (HRA) [9] and
did not require authorization from the ethics committee. The
Ethics Committee of the Canton of Zurich confirmed this in the
BASEC Request (2018-00180).

Figure 1. Daily measurement schedule during the study period.

Study Participants
We used convenience sampling for this study. Ten participants
with stable COPD or asthma, attending outpatient secondary
care at the Department of Pulmonology, University Hospital
Zurich, Switzerland, consented to take part in the study.

The CAir-Desk
The CAir-Desk (Figure 2), is a novel, custom-built disease
home-monitoring system [10]. It combines multiple sensors in
a compact format with a single power plug for device charging.
All components of the CAir-Desk are conformité européenne
(CE)-certified.
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Figure 2. The CAir-Desk setup for the usability study as a collection of sensors. Items indicated here are as follows: (a) smartphone, (b1) arm-worn
accelerometer, (b2) wrist-worn accelerometer, (c) spirometer, (d) sputum collector and smartphone camera, (e) environmental air quality monitor, and
(f) nocturnal cough monitor.

Smartphone
The smartphone (Galaxy A320, 2017, Samsung Group)—object
a in Figure 2—contained purpose-designed apps for user
interaction and data visualization. All sensors are accessible via
the smartphone. Further, all sensor data are transferred to the
cloud storage through the smartphone by the Global System for
Mobile Communications (GSM) network.

Physical Activity
Physical activity was measured using multisensory triaxial
accelerometry (Charge 3, Fitbit Inc, and Everion, Biovotion).
We decided to include 2 physical activity monitors for this
usability study to conclude on the participants’ preference. The
Charge 3 is a wrist-worn device (item b2 in Figure 2) with a
small display that provides real-time information on step count.
The Everion does not include a display and is worn on the upper
arm, (item b1 in Figure 2). It only provides information when
synchronized with the CAir-Desk.

Symptom Burden
Symptom burden in the participants diagnosed with COPD was
assessed using the COPD Assessment Test [11]. For the
participants diagnosed with asthma, a purpose-designed
questionnaire was used (Multimedia Appendix 2). The
questionnaires were sent out through the patient-provider
communication channel app (docdok.health). The smartphone
displayed push notifications when the daily questionnaire was
due, and participants answered the questions directly in the app.

Nocturnal Cough
Nocturnal cough recordings were collected using the smartphone
microphone (item f in Figure 2). The participants had to
manually enable recording every night before going to bed and
turn it off in the mornings. A purpose-designed algorithm
isolated and extracted the cough count from the background
noise. The CAir-Desk app displayed cough count in running

monitoring sessions in near real-time (10-second delay) [12].
This was a voluntary measurement; we encouraged only
participants with a self-reported cough to use the sensor.

Spirometry
Daily spirometry recordings were obtained with a portable
spirometry device (Air Next Spirometer, NuvoAir)—item c in
Figure 2—which connected with the smartphone via Bluetooth.
The values obtained were forced expiratory volume in 1 second
(FEV1) and forced vital capacity (FVC). All participants were
trained to produce reproducible maneuvers that comply with
published guidelines [13].

Sputum Monitoring
This was a voluntary measurement; we encouraged only those
participants with self-reported sputum production to submit a
photograph of a sample to the system. This was accomplished
using the built-in smartphone camera and purpose-designed
sputum collectors (item d in Figure 2).

Environmental Air Quality
The CAir-Desk continuously recorded environmental air quality
(Foobot, Airboxlab)—item e in Figure 2. The values obtained
were temperature, humidity, particulate matters, and volatile
organic compounds. No interaction with the CAir-Desk was
needed from the participants to enable data-recording.

Cloud and Backend Setup
Data transfer to and data storage on the cloud were performed
with encryption, as required by data protection regulations for
sensitive personal information.

Further details about technical, cloud, and backend solutions
can be found elsewhere [10].
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Device Usage and Adherence Thresholds
To identify days of adherence, we defined individual thresholds

for each sensor in accordance with the study protocol. An
overview of these thresholds for each sensor, together with
details on recording modalities, is provided in Table 1.

Table 1. Overview of the sensor and adherence thresholds.

Adherence day thresholdRelevant modalitiesSensor

Mandatorya

Steps ≥ 100Step countPhysical activity, wrist-worn

Recording ≥ 1 hourStep countPhysical activity, arm-worn

Completed questionnaireCATb [11] or Asthma questionnaireSymptom burden

≥3 valid exhalationsForced expiratory volume in 1 second, forced vital capacitySpirometry

Recording ≥ 1 hourVolatile organic compounds, temperatureEnvironmental air quality

Voluntaryc

Recording ≥ 1 audio fileAudio (.wav) file countNocturnal cough

Recording ≥ 1 photoPhoto countSputum

aMeasurements were requested from all participants.
bCAT: chronic obstructive pulmonary disease assessment test.
cMeasurements were requested from participants experiencing specific symptoms.

Statistical Analysis
This small-scale usability study did not allow assumptions on
normally distributed data, which we confirmed visually using
quantile-quantile plots. The day of instruction and the day of
return of the CAir-Desk were both excluded from the analysis,
only considering full study days. In case of technical issues, for
example, when a sensor was not recording for the whole or part
of the study period, these data were excluded from
adherence-reporting.

We extracted and prepared the data for statistical analysis with
Python 3.7.10 (The Python Software Foundation, 2021). We
analyzed the data statistically with R 4.0.3 (R Core Team, 2021,
R Foundation for Statistical Computing).

Results

All results are presented using descriptive statistics in the format
median (25th percentile, 75th percentile) unless otherwise stated.

Ten participants, 5 with COPD (61 [59, 62] years; median FEV1

predicted=69% [60%, 78%]) and 5 with asthma (55 [55, 55]
years; median FEV1 pred=62% [62%, 69%]) were included in
this study (detailed characteristics in Table 2) and used the
CAir-Desk for 27.5 (27, 28) days, excluding the on- and
off-boarding days. All participants completed the predetermined
study period and did not experience any adverse events.

Table 2. Study participant characteristics stratified in accordance with their diagnosis.

Participants with asthma (n=5)Participants with chronic obstructive pulmonary
disease (n=5)

Characteristics

55 (55, 55)61 (59, 62)Age (years), median (25th percentile, 75th percentile)

1/4 (25/75)3/2 (60/40)Sex (female/male), n (%)

62 (62, 69)69 (60, 78)Forced expiratory volume in 1 second (% predicted), medi-
an (25th percentile, 75th percentile)

0/5 (0/100)1/4 (25/75)Smoking status (yes/no), n (%)

Participant Adherence and Technical Considerations

Questionnaires
In total, participants completed 96% (14%, 96%) of the daily
questionnaires. Participants with COPD completed 96% (0%,
96%) and those with asthma completed 96% (22%, 96%) of the
daily questionnaires. Owing to a technical issue, one participant

with COPD did not receive the questionnaires and was excluded
from the analysis of adherence data. Figure 3A provides
individual adherence rates throughout the study period; Figure
3A indicates participants who could not adhere owing to
technical difficulties. Except for 2 days, adherence rates with
respect to the study days remained constantly high throughout
the study period (Figure 4A).
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Figure 3. Individual daily adherence for symptom burden questionnaires (A) and spirometry (B). All participants are shown (ie, including those with
nonadherence due to technical difficulties). COPD: chronic obstructive pulmonary disease.

Figure 4. Daily adherence (ratio of participants who adhered to the total number of study participants) for symptom burden questionnaires (A) and
spirometry (B). All participants are represented (ie, including those with nonadherence due to technical difficulties).

Spirometry
Participants completed valid spirometry recordings (ie, 3 or
more attempts) on 55% (20%, 94%) of the study days.
Participants with COPD completed valid spirometry recordings
on 96% (48%, 96%) and participants with asthma completed
recordings on 29% (22%, 82%) of the study days. For 2
participants with COPD, the data upload partially failed during
the study period. These participants were excluded from the
analysis of adherence data. Figure 3B shows individual
adherence rates throughout the study period; Figure 3B includes
participants who could not adhere owing to technical difficulties.
There was variability in daily adherence rates throughout the
study period with more consistency toward the end of the study
(Figure 4B).

Physical Activity
Participants wore the wrist-worn accelerometer on 100% (97%,
100%) of the study days. Participants with COPD wore the
wrist-worn accelerometer on 100% (100%, 100%) and those
with asthma wore it on 100% (96%, 100%) of the study days.

Participants wore the arm-worn accelerometer on 45% (13%,
63%) of the study days. Participants with COPD wore the

arm-worn accelerometer on 61% (30%, 80%) and those with
asthma wore it on 30% (14%, 63%) of the study days. For 2
participants with COPD, the arm-worn accelerometer broke
during daily use and could not be used further; these participants
were excluded from the analysis of adherence data.

Nocturnal Cough Recording
Participants enabled nocturnal cough recording on 34% (9%,
54%) of the study nights. Participants with COPD enabled
nocturnal cough–recording on 46% (23%, 59%) and those with
asthma enabled it on 22% (11%, 50%) of the study nights. For
2 participants with COPD, the data upload did not proceed as
expected throughout part of the study period; these participants
were excluded from the analysis of adherence data.

Sputum Monitoring
Participants took photographs of their sputum on 5% (3%, 12%)
of the study days. Participants with COPD took photographs of
their sputum on 4% (2%, 16%) and those with asthma on 7%
(4%, 11%) of the study days. For 2 participants with COPD,
the data upload did not proceed as expected throughout part of
the study period; these participants were excluded from the
analysis of adherence data.
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Environmental Air Quality Monitoring
Participants measured environmental air quality on 100% (99%,
100%) of the study days. Participants with COPD measured
environmental air quality on 100% (100%, 100%) and those
with asthma on 100% (96%, 100%) of the study days. For 2
participants with COPD, the data upload did not proceed as
expected during part of the study period; these participants were
excluded from the analysis of adherence data. One participant

with asthma turned off the data transfer connection for the sensor
by accident for a short time, which resulted in 15 days of
nonrecording. We retained this participant in the analysis.

Adherence data on the questionnaires, spirometry recordings,
physical activity, nocturnal cough recording, sputum monitoring,
and environmental monitoring are presented on individual and
summary levels in Table 3 and are visualized in Figure 5.

Table 3. Sensor adherence data on a participanta and summaryb level.

VoluntarydMandatorycDiagnosisParticipant number

Sputum
Nocturnal
coughAir quality

Physical activity,
arm-worn

Physical activity,
wrist-wornSpirometryQuestionnaire

7119663782211Asthma1

06850141002996Asthma2

114100301009396Asthma3

450100641008296Asthma4

15221007961522Asthma5

7 (4, 11)22 (11, 50)100 (96, 100)30 (14, 63)100 (96, 100)29 (22, 82)96 (22, 96)N/AeSummary of partici-
pants with asthma

446100611001000COPDf6

00100100960N/ACOPD7

N/AN/AN/AN/A100N/A96COPD8

N/AN/AN/AN/A100N/A96COPD9

297110001009696COPD10

4 (2, 16)46 (23, 59)100 (100, 100)61 (30, 80)100 (100, 100)96 (48, 98)96 (0, 96)N/ASummary of partici-
pants with COPD

5 (3, 12)34 (9, 54)100 (99, 100)45 (13, 63)100 (97, 100)55 (20, 94)96 (14, 96)N/ASummary total

aIndividual data are percentage values of the total number of study days.
bSummary data are median (25th percentile, 75th percentile) percentage values of the total number of study days.
cMeasurements were obtained from all participants.
dMeasurements were only requested from participants who experienced specific symptoms.
eN/A: not applicable.
fCOPD: Chronic obstructive pulmonary disease.
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Figure 5. Adherence stratified for sensors. Data are the percentages of study days. PA, physical activity.

Participant Satisfaction
Regarding the CAir-Desk, in general, 6 (60%) participants
indicated that they would be willing to use the device further
as is, and 1 (10%) participant indicated that he would not.
Furthermore, 2 (20%) participants indicated a neutral response,
and 1 participant (10%) did not answer the question. Overall,
participants reported to have taken a median of 13 (10, 15)
minutes per day manipulating the device, which 7 (70%)
participants considered an acceptable amount of time, 2 (20%)
participants considered too much time, and 1 (10%) participant
indicated a neutral response.

Questionnaires
Concerning further use, 4 (40%) participants indicated that they
would be willing to continue daily reporting, and 4 (40%)
participants indicated that they would not. Two (20%)
participants indicated a neutral response.

Regarding user-friendliness, 4 (40%) participants considered
the questionnaires user-friendly, and 6 (60%) did not.

Spirometry
Regarding further use, 4 (40%) participants indicated that they
would be willing to continue daily recordings, and 3 (30%)
participants indicated that they would not. Two (20%)
participants indicated a neutral response, and 1 (10%) participant
did not use the spirometry device.

Regarding user-friendliness, 7 (70%) participants considered
the spirometry device user-friendly, and 3 (30%) did not.

Physical Activity
Regarding further use of the wrist-worn accelerometer, 9 (90%)
participants indicated that they would be willing to continue
wearing the device, and 1 (10%) participant indicated that he
would not.

Regarding user-friendliness, 9 (90%) participants considered
the wrist-worn accelerometer user-friendly and 1 (10%) did not.

Regarding further use of the arm-worn accelerometer, 5 (50%)
participants indicated that they would be willing to continue

wearing the device, and 4 (40%) indicated that they would not.
Furthermore, 1 (10%) participant indicated a neutral response.

Regarding user-friendliness, 5 (50%) participants considered
the arm-worn accelerometer user-friendly and 5 (50%) did not.

Nocturnal Cough Recording
Regarding further use, 4 (40%) participants indicated that they
would be willing to continue recordings, and 4 (40%) indicated
that they would not. Furthermore, 2 (20%) participants indicated
a neutral response.

Regarding user-friendliness, 4 (40%) participants considered
the nocturnal cough recording user-friendly and 6 (60%) did
not.

Sputum Monitoring
Regarding further use, 3 (30%) participants indicated that they
would be willing to continue taking photographs, and 2 (20%)
participants indicated that they would not. Furthermore, 2 (20%)
participants indicated a neutral response, and 2 (20%) did not
use this function owing to no sputum production. One (10%)
participant did not answer this question.

Regarding user-friendliness, 3 (30%) participants considered
sputum monitoring user-friendly and 7 (70%) did not.

Environmental Air Quality Monitoring
Regarding further use, 8 (80%) participants indicated that they
would be willing to continue air quality monitoring, and 2 (20%)
indicated a neutral response.

Regarding user-friendliness, 5 (50%) participants considered
environmental air quality monitoring user-friendly and 5 (50%)
did not.

Participant satisfaction data on the questionnaires, spirometry,
physical activity, nocturnal cough recording, sputum monitoring,
and environmental monitoring are displayed in Figure 6.
Adherence to questionnaires, spirometry, and physical activity
monitoring stratified in accordance with the participants’ rating
on user-friendliness (Figure 7).
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Figure 6. Participant satisfaction data stratified for sensors. (A) “Would you be willing to use [insert sensor] further?”. (B) “Do you consider [insert
sensor] as user-friendly?” Data are n (on the x-axis) and % (on the bars). PA: physical activity.

Figure 7. Adherence stratified according to the user-friendliness of sensors. Questionnaires (A), spirometry (B), arm-worn accelerometer (C). Data
are the percentages of study days. PA: physical activity.
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Discussion

Principal Findings
We report on the first clinical application of the CAir-Desk. In
this usability study, the CAir-Desk performed well technically
and was well-accepted by our sample of participants with stable
COPD and those with asthma.

General Considerations
In general, participants indicated that they would be willing to
use the CAir-Desk further. Since this was a purely observational
study, we conclude that participants, although in stable phases
of COPD or asthma, are interested in disease monitoring. The
time consumption that the participants reported was lower than
expected and, for the vast majority (80%), did not exceed their
personal tolerance. We consider this a positive finding, since
we performed the usability study in preparation for a subsequent
randomized controlled trial (RCT) on the effectiveness of
delivering “Living well with COPD” by a chatbot through the
CAir-Desk, in combination with the home-monitoring [10,14].
When receiving an intervention through the CAir-Desk, time
spent manipulating the device will certainly increase. However,
we expect the amount of time to still be acceptable given our
present findings.

General adherence to the intense measurement schedule was
considerably high. Inconsistency in adherence rates between
individuals was observed in spirometry and nocturnal cough
measurements, which was due to the voluntary nature of these
measurements.

Considering that this was the first clinical application of the
CAir-Desk, technical performance and robustness was
satisfactory. We faced problems when transferring data to the
cloud with 2 participants, which were resolved remotely
(however, leading to incomplete adherence data). Regarding
hardware robustness, participants reported 2 broken arm-worn
accelerometers during the study time. These had to be replaced
and reconnected to the CAir-Desk by study staff, which led to
an unplanned additional study visit and incomplete adherence
data.

In response to the in-field testing, the CAir-Desk was updated
for the subsequent RCT by including a script, which opens the
relevant sensor apps daily, to guarantee data synchronization
even when apps are closed unintentionally. Furthermore, we
decided to use the wrist-worn accelerometer in any further
clinical application of the CAir-Desk.

Detailed Considerations
Regarding the daily questionnaires that the participants were
asked to answer, we found high adherence, although the
willingness for further use and user-friendliness did not receive
consistently high ratings. One participant was not able to answer
the questionnaires because the font was too small for him to
read. For this usability study, we recruited individuals with
stable COPD or asthma. Therefore, we hypothesize that daily
administration of questionnaires might be too frequent since
only minor daily variation in symptoms and general health status
are expected. However, we would still recommend daily

questionnaires in samples that are not in a stable disease phase,
receive a new intervention, or are newly diagnosed. We
recommend using a short questionnaire, keeping time
consumption low and adherence high. Finally, large fonts or
zoom functionality on the questionnaires is crucial to allow
completion for individuals with compromised vision. Since this
is a feasibility study investigating a very small sample, some
caution on the interpretation is needed. This applies especially
to the questionnaires in the case of the participants with COPD,
since conclusive data are available from only three participants.

Regarding spirometry, we observed high interindividual
variability. While one participant with COPD never took a test,
another participant adhered strictly to the schedule. Overall, the
adherence with respect to study days was almost constant across
the study period (Figure 4B). Unfortunately, upload problems
in 2 participants prevented us from drawing stronger conclusions
on adherence patterns. However, we consider acceptance to
daily spirometry tests as high, with only 2 participants reporting
that they would not be willing to perform further tests. Similar
to the questionnaires, we hypothesize that individuals with
unstable disease or recent diagnosis would be more interested
in daily measurements.

Regarding physical activity monitoring, we integrated two
different devices for this usability study. We were interested if
the participants preferred the arm-worn device or the wrist-worn
device. The main differences between the devices are visibility
to others, live access to measurements through a built-in display,
and battery life. Participants clearly preferred the wrist-worn
device (with built-in display and 5-day battery life instead of 1
day for the arm-worn device), which was also reflected in
adherence rates. Only one participant reported the wrist-worn
accelerometer not to be user-friendly, because the display turned
on during sudden movements at night and caused awakenings.
From a technical point of view, both devices can record heart
rate. However, validity is low and may not yet serve medical
purposes [15].

Regarding nocturnal cough recording, adherence was highly
variable because only participants experiencing cough were
encouraged to take measurements. User-friendliness was
considered low. Participants had to turn on the cough counter
manually every time they went to bed and turn it off when they
got up. The majority of the participants considered this not
user-friendly and we therefore updated the application following
the study and added the feature for automated recording during
individually tailorable time periods.

Regarding sputum monitoring, only the few participants who
were experiencing sputum production were encouraged to take
measurements. Again, we consider the option to submit a
photograph of sputum samples as valuable in individuals with
unstable disease. However, the CAir-Desk is nonportable;
therefore, information on sputum production when individuals
are not at home is missed. This has to be considered when
populations are younger, and more active (eg, participants with
cystic fibrosis).

Regarding environmental air quality monitoring, adherence was
high, and participants indicated interest in further use. The
device recorded automatically, and we only faced some days
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of nonrecording for 1 participant who accidentally turned off
the Wi-Fi hotspot connection for several days. Unfortunately,
the app displaying the results was only available in English.
This fact led our participants, all German speakers, to low
user-friendliness ratings.

Our findings suggest that missing data in similar studies to ours
may be categorized into four categories: (1) missing owing to
nonadherence (eg, did not like to use the sensor), (2) missing
owing to technical issue (eg, failing upload or broken device),
(3) missing owing to other issue (eg, allergy to worn device or
impaired vision), (4) missing owing to absence of symptoms.
Furthermore, it may be assumed that the participants who did
not rate a sensor as user-friendly show lower adherence to that
sensor. Our data show that this is not necessarily the case (Figure
7). While there was a clear trend to lower adherence in daily
spirometry measurements among participants who did not
consider the sensor user-friendly, a mixed response was
observed in daily questionnaires, and an overall low adherence
was observed in the arm-worn accelerometry measurements.

Considering the findings of this usability study, we modified
the CAir-Desk, the corresponding sensors, apps, and the data
upload. The modified version of the CAir-Desk is now used in
an RCT delivering the multimodal intervention “Living well
with COPD” through a chatbot [10].

Conclusions
Our investigation indicates that multisensory disease monitoring
using the CAir-Desk is feasible, and well accepted. Additionally,
time consumption was surprisingly low and suggests that
intervention delivery through the CAir-Desk can be performed
with a reasonable time budget. Our results add knowledge on
important points to consider when designing multisensory setups
for individuals with chronic respiratory disease. First, sensors
and apps should use automation as often as possible. Second,
participants are interested in seeing their measurements and
performance. Therefore, apps should grant easy interaction and
provide an intuitive overview on the recorded information in
the participant’s preferred language. Third, a rigid schedule
with daily measurements is feasible and accepted by the
participants. However, tailoring in accordance with the disease
stage seems important to increase adherence in longer studies.
Last, technical issues were rare and manageable.

We believe that the combination of home-based multisensory
measurements and PROMs might be a game changer in chronic
disease management. The frequent and accurate data obtained
with the CAir-Desk might provide novel insights into early
markers for a decline in health status or emergencies. We
consider the combination of home-based measurements and
information delivery combined with regular in-person care as
the future of multimodal chronic disease management.
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Abstract

Background: After hospital discharge, patients with acute coronary syndrome (ACS) often experience symptoms that prompt
them to seek acute medical attention. Early evaluation of postdischarge symptoms by health care providers may reduce unnecessary
acute care utilization. However, hospital-initiated follow-up encounters are insufficient for timely detection and assessment of
symptoms. While digital health tools can help address this issue, little is known about the intention to use such tools in ACS
patients.

Objective: This study aimed to assess ACS patients’ intention to use digital health apps that support postdischarge symptom
monitoring by health care providers and identify patient-perceived facilitators and barriers to app use.

Methods: Using email invitations or phone calls, we recruited ACS patients discharged from a central Massachusetts health
care system between December 2020 and April 2021, to participate in the study. Surveys were delivered online or via phone to
individual participants. Demographics and access to technology were assessed. The intention to use a symptom monitoring app
was assessed using 5-point Likert-type (from strongly agree to strongly disagree) items, such as “If this app were available to
me, I would use it.” Responses were compared across demographic subgroups and survey delivery methods. Two open-ended
questions assessed perceived facilitators and barriers to app use, with responses analyzed using qualitative content analysis.

Results: Among 100 respondents (response rate 8.1%), 45 (45%) completed the survey by phone. The respondents were on
average 68 years old (SD 13 years), with 90% (90/100) White, 39% (39/100) women, and 88% (88/100) having access to the
internet or a mobile phone. Most participants (65/100, 65%) agreed or strongly agreed that they would use the app, among which
53 (82%) would use the app as often as possible. The percentage of participants with the intention to use the app was 75% among
those aged 65-74 years and dropped to 44% among those older than 75 years. The intention to use was higher in online survey
respondents (vs phone survey respondents; odds ratio 3.07, 95% CI 1.20-7.88) after adjusting for age and access to technology.
The analysis of open-ended questions identified the following 4 main facilitators (motivations): (1) easily reaching providers, (2)
accessing or providing information, (3) quickly reaching providers, and (4) consulting providers for symptoms, and the following
4 main barriers: (1) privacy/security concerns, (2) uncomfortable using technology, (3) user-unfriendly app interface, and (4)
preference for in-person/phone care.

Conclusions: There was a strong intention to use a symptom monitoring app postdischarge among ACS patients. However, this
intent decreased in patients older than 75 years. The survey identified barriers related to technology use, privacy/security, and
the care delivery mode. Further research is warranted to determine if such intent translates into app use, and better symptom
management and health care quality.

(JMIR Hum Factors 2022;9(1):e34452)   doi:10.2196/34452
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Introduction

The transition from inpatient care to home is challenging for
patients with acute coronary syndrome (ACS) [1-3]. After
hospital discharge, ACS patients often experience symptoms
that prompt them to seek acute medical attention [2-6]. A large
portion of these symptoms are noncardiac [3-7], and could be
assessed and managed through close follow-up care in the
outpatient setting to reduce unnecessary acute care utilization
[3,5-7]. Symptom assessment and management are integral to
transitional care [8-13], and are also part of the transitional care
management services supported by Medicare [14]. However,
hospital-initiated follow-up activities alone may be inadequate
to detect symptoms in a timely fashion, as new or worsening
symptoms may occur between the initial contact and the
follow-up appointment [15]. Intensive transitional care programs
offering multiple follow-up phone calls or home visits may
better capture patient’s symptom episodes [11,12], but providing
such thorough contact increases the need for staff resources and
time, and can be challenging to scale up.

Digital health tools for symptom monitoring can support timely
detection and evaluation of patients’ symptoms [16-20], and
have been successfully integrated with routine cancer care
[16,17,21-23]. Some tools allowed patients to report symptoms
frequently or at any time [16,17]. However, in general, evidence
about the feasibility and efficacy of using these tools to improve
patient outcomes is still limited, especially in patients with ACS.
A recent study analyzed data related to using a digital symptom
monitoring tool (which allowed patients to self-rate and track
their symptoms of fatigue) to enhance a patient-centered care
intervention for cardiac rehabilitation [24]. This study found
that the enhanced intervention improved patient-reported
self-efficacy at 6 months postdischarge, compared with usual
care (P=.01). However, only 39% of the patients in the
intervention group chose to use the digital health tool.

More research is needed to understand the intention, barriers,
and facilitators to digital health symptom monitoring in ACS
patients. This is particularly true among older adults (≥65 years
old) representative of the ACS population. Older adults have
unique barriers in using technology, such as lack of knowledge
and confidence, age-related changes or disabilities, and
skepticism about the benefits [25,26]. Prior studies showed that
most patients, including older adults, are ready to accept digital
health tools for monitoring mental health conditions and
symptoms, but the intention to use decreased with age [27,28].
Understanding these issues may help improve design,
development, and adherence to digital symptom monitoring in
ACS patients.

This study aimed to assess ACS patients’ intention to use digital
health tools that support symptom monitoring by providers after
hospital discharge. We conducted a survey, using both
close-ended and open-ended questions, to assess the intention
to use, the difference in the intention by patient characteristics
(eg, age), and the facilitators and barriers of using these tools

in this patient population. We also compared the intention to
use between 2 survey delivery modes (online vs phone).

Methods

Study Design
We analyzed data collected through a survey using both
close-ended and open-ended questions. The survey was
delivered using 1 of the 2 modes (online surveys and phone
calls) to ensure a balanced sample of participants who are
comfortable or are not comfortable with the use of technology
(ie, filling online surveys).

Ethics Approval
The study was approved by the Institutional Review Board at
the University of Massachusetts Chan Medical School. The
ethics approval number (ie, the Institutional Review Board
Docket Number) for this study is H00018298. The Institutional
Review Board approved the use of informed verbal consent
procedures. We obtained verbal informed consent from each
participant by email or phone.

Survey
The survey design was informed by prior literature on assessing
participants’ intention to use digital interventions [29,30]. One
researcher (with expertise in health informatics and
implementation science) created the initial survey by adapting
a subset of validated questions from a survey assessing
participants’ intention to use mobile apps for COVID-19
symptom monitoring [30]. A cardiologist and 2 research team
members (with training in public health and clinical research,
respectively) reviewed the survey content and provided feedback
on clarifying and simplifying the language of the introduction
paragraph, the survey questions, and the response options.

The final survey (Multimedia Appendix 1) included 5 items to
assess participants’demographics (age, sex, and race) and access
to technology (internet and smartphone), and 5 items (3
close-ended and 2 open-ended questions) related to the intention
to use a hypothetical symptom monitoring app. The
demographics questions and the open-ended questions were
optional. Intention to use the app was assessed using a 5-point
Likert-type (from “strongly agree” to “strongly disagree”) item
(also called the intention-to-use question) as follows: “If this
app were available to me, I would use it.” Participants who
responded “strongly agree,” “agree,” or “neutral” to this item
were prompted to respond to 2 additional items. The first item
was a 5-point Likert-type item as follows: “I plan to use this
app as often as necessary,” with response options ranging from
“strongly agree” to “strongly disagree.” The second item was
multiple-choice as follows: “I’d like the app to be designed as
…,” with the following 3 options: “mobile app,” “web app,”
and “other.” The 2 remaining open-ended questions collected
free-text comments on the facilitators (ie, motivations) and
barriers to using the app.
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Recruitment and Data Collection
We recruited patients from UMass Memorial Health Care, the
largest health care system in Central Massachusetts, serving
most patients hospitalized with cardiovascular diseases in this
region.

Using information from electronic health records (EHRs), we
identified adult patients (>18 years old) who were hospitalized
for ACS (ICD-10 codes: I24.9, I21, I21.x, I21.xx, and I25.110)
between January 2019 and December 2020, as eligible
participants. Study data were collected and managed using
REDCap electronic data capture tools hosted at the study
institution [31,32].

We recruited participants with a 2-stage procedure, using emails
and phone calls, respectively. In the first stage (December 2020),
we emailed invitations to 782 candidate participants. Once a
participant replied to the email to indicate their interest, we sent
the online survey via a secure REDCap link to their email
address. An unanswered survey was automatically disabled in
REDCap 30 days after being sent to the participant. Recruitment
stopped after more than 40 participants responded to the online
survey.

In the second stage (January 2021 to April 2021), we recruited
participants who did not have an email address listed in the
EHR via phone calls. Recruitment calls were made to 448
candidate participants until the total number of responses to the
survey (from both email and phone recruitment) met the target
(N=100). For phone recruitment, we documented the reasons
for declining participation. Participants recruited by phone were
given the option to complete the survey online (using the same
procedure described for stage 1) or via phone. For surveys
answered by phone, a research staff member documented
participants’ verbal responses in REDCap. Each survey
participant (for both stages of participant recruitment) was
provided a US $10 gift card to compensate for their time.

Research Questions
The following 4 research questions were considered: (1) Do
patients have the intention to use the app for symptom
monitoring by providers? (Q1); (2) Is there a difference in the
intention to use the app for symptom monitoring across
subgroups characterized by participants’ characteristics,
including age and access to technology? (Q2); (3) Is there a
difference in the intention to use the app for symptom
monitoring between participants responding to the survey online
and those responding by phone? (Q3); and (4) What are the
main factors that motivate or discourage patients’ use of an app
for symptom monitoring by providers? (Q4).

Statistical Analyses
Statistical analyses were performed using STATA/IC 15.1
(StataCorp). We first calculated descriptive statistics of
participants’ characteristics and examined their distributions
over the 2 survey delivery modes. We then analyzed the data
to answer research questions 1 to 3. We used participants’ age
information from the EHR, which has greater granularity than
the survey responses, for these analyses.

First, we calculated descriptive statistics of participants’
responses to the 3 close-ended survey questions related to the
intention to use the symptom monitoring app (Q1). Second, we
examined the distribution of the intention to use over
participants’ characteristics and access to technology (Q2).
Third, we assessed the associations between survey delivery
mode and participants’ intention to use the app (Q3), using
multivariable logistic regression to adjust for potential
confounding factors related to participants’ characteristics and
access to technology. We identified the confounders based on
the literature and the examination of the distribution of
participants’ characteristics over survey delivery mode (P<.05).
In addition, we combined access to the internet and access to a
smartphone into 1 variable, access to technology, when adjusting
for the association analysis because the 2 variables are
interdependent (Fisher exact test P<.001).

When conducting analyses related to questions 2 and 3, we
grouped the 5 response options of the intention-to-use question
into 2 categories, with 1 representing “agree” and “strongly
agree” and 0 representing the other options. In addition, we
assigned numeric values to the 5 response options (1: strongly
disagree, 2: disagree, 3: neutral, 4: agree, 5: strongly agree) and
presented the summary statistics of the responses.

Qualitative Analyses
To answer research question 4, we analyzed survey responses
to the 2 open-ended survey questions through an iterative
process using qualitative content analysis. Qualitative content
analysis is a research method widely used to analyze written,
verbal, or visual communication messages through the
systematic coding and identification of themes or patterns
[33-35]. Following established techniques [34,35], we carried
on the analysis over 3 phases (ie, preparation, organizing, and
reporting).

In the preparation phase, GEE (premed student with training in
biology, neuroscience, and clinical research) read through the
survey responses and assigned initial codes to the responses.
JC (with expertise in health informatics and implementation
science), JGW (with training in public health and health
education), and GEE discussed the initial coding results and
created the initial codebook. Using the initial codebook, GEE,
JGW, and LML (with training in clinical research and
neuroscience) coded all survey responses independently. Codes
were assigned to each response (primarily single sentences),
and double coding was allowed. The coded responses were
discussed among GEE, JGW, LML, and JC to resolve
discrepancies, and new codes were added when necessary. This
process resulted in the final codebook (Multimedia Appendix
2), with 9 codes (4 categories) for the facilitator question and
8 codes (4 categories) for the barrier question. Based on the
coding results, JC segmented survey responses into units that
entail a single code. Most segments were single sentences; some
were phrases or contained multiple sentences.

In the organizing phase, JC and JGW independently coded the
segments using the final codebook. The intercoder agreement
was 86% for the facilitator question and 87% for the barrier
question. Discrepancies were discussed and resolved between
JC and JGW to generate the final coding results.
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In the reporting phase, we reported the definitions, frequencies,
and representative quotes of codes and summarized key findings
[34,35]. We identified the major barriers and facilitators to app
use by considering code/category frequency and existing
literature on health app use among patients or older adults, and
through discussion in the research team. In addition, we
compared the most salient facilitators and barriers for the
following 2 age groups: younger and older than 65 years of age.

Results

Participant Characteristics
Among 782 patients contacted by email, 59 (7.5%) showed
interest in participating in the study, and 48 (81%) of them
responded to the survey. Among 448 patients contacted by
phone calls, 61 (13.6%) showed interest, and 52 (85%) of them
responded to the survey. Overall, the survey response rate was
8.1% (100/1230). There was no difference in age between
patients who responded to the survey and patients who did not,

including those who did not show interest in participating in
the study (67.6 vs 67.7 years, P=.94). Of the patients contacted
for this study and who did not want to participate, 73 provided
reasons for nonparticipation. The common reasons included
poor health condition (n=31, 42%), no interest (n=17, 23%), no
time (n=11, 15%), and no access or uncomfortable with the use
of technology (n=9, 12%).

Among 100 respondents, 45% (ie, 45 of the participants
recruited by phone) completed the survey by phone and 55%
completed it online. The respondents were on average 68 years
old (SD 13 years), with 90% (90/100) White, 39% (39/100)
women, and 88% (88/100) reporting having access to the
internet or a mobile phone. As shown in Table 1, the rates of
access to the internet (P<.001) and a smartphone (P<.001) were
higher in online survey respondents than phone survey
respondents. Among the 62 older participants (≥65 years old),
49 (79%) and 41 (66%) reported having access to the internet
and a smartphone, respectively.

Table 1. Participant characteristics overall and by the survey delivery mode.

P valueaSurvey delivery mode, n (%)Total (N=100), n (%)Characteristic

Online (n=55)Phone (n=45)

.82Age group

22 (40)16 (36)38 (38)<65 years

18 (33)14 (31)32 (32)65-74 years

15 (27)15 (33)30 (30)≥75 years

.41Gender

19 (35)20 (44)39 (39)Female

35 (64)24 (53)59 (59)Male

1 (2)1 (2)2 (2)Not reported

>.99Race

51 (93)39 (87)90 (90)White

3 (5)3 (7)6 (6)Others

1 (2)3 (7)4 (4)Not reported

<.001bHas access to the internet

1 (2)14 (31)15 (15)No

54 (98)31 (69)85 (85)Yes

<.001bHas a smartphone

6 (11)19 (42)25 (25)No

49 (89)26 (58)75 (75)Yes

aCalculated by the Fisher exact test for categorical variables, using complete case analysis (ie, ignoring missing values for gender and race).
bStatistically significant (P<.05).

Intention to Use the Symptom Monitoring App
All participants (N=100) responded to the intention-to-use
survey item, with responses of strongly agree (n=19), agree
(n=46), neutral (n=15), disagree (n=15), and strongly disagree
(n=5). A total of 74 participants responded to the survey item
“I plan to use this app as often as necessary,” with responses of

strongly agree (n=22), agree (n=35), neutral (n=16), disagree
(n=1), and strongly disagree (n=0). Among the 65 (65%)
respondents with a positive intention (agree or strongly agree)
to use the app, 53 (82%) agreed or strongly agreed that they
would use the app as often as possible. Among the 73
respondents to the app design question, 28 (38%) preferred a
mobile app, 30 (41%) preferred a web-based app, 14 (19%)
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liked both mobile and web-based apps, and 1 (1%) preferred
another design (unspecified).

Intention to Use by Patient Characteristics
Among the 62 older participants (≥65 years old), 37 (60%)
reported having the intention to use the app. As shown in Table
2, survey respondents aged 75 years or older had a lower rate
of intention (ie, agree or strongly agree) to use the app (43%)
than those in other age groups (74% for ages under 65 years

and 75% for ages 65-74 years; Fisher exact test P=.02). There
was no difference in the intention to use by gender or race. The
rate of the intention to use the app was higher in respondents
with access to the internet or a smartphone than those without
access (72% vs 17%, P<.001).

The mean (Table 2) and median (Multimedia Appendix 3) scores
of the intention to use and the distributions of the 5 levels of
the intention to use (Multimedia Appendix 3), stratified by
participant characteristics, showed similar patterns.

Table 2. Distribution of the intention to use a symptom monitoring app by patient characteristics and the survey delivery mode.

Rate of a positive (agree or strongly agree) intention to use the appResponse scoreb, mean (SD)Variablea

P valuec%n/N

6565/1003.6 (1.1)All

.02dAge group

7428/383.9 (0.8)<65 years

7524/323.7 (1.1)65-74 years

4313/303.1 (1.3)≥75 years

>.99Gender

6425/393.6 (1.0)Female

6639/593.6 (1.2)Male

.66Race

6659/903.6 (1.1)White

503/63.3 (0.8)Others

<.001dHas access to technology (internet or
a smartphone)

172/122.2 (1.0)No

7263/883.8 (1.0)Yes

.001dSurvey delivery mode

4721/453.1 (1.3)Phone

8044/554.0 (0.8)Online

aThe gender and race variables had 2 and 4 missing values, respectively.
bScores assigned to the response options were as follows: 1, strongly disagree; 2, disagree; 3, neutral; 4, agree; 5, strongly agree.
cCalculated by the Fisher exact test for all the items.
dStatistically significant (P<.05).

Intention to Use by the Survey Delivery Mode
The rate of a positive intention to use the app (Table 2) was
higher in online survey respondents than in phone survey
respondents (80% vs 47%, P=.001). After adjusting for age and
access to technology, the difference remained significant
(adjusted odds ratio 3.07, 95% CI 1.20-7.88).

Similarly, the mean (Table 2) and median (Multimedia Appendix
3) scores of the intention to use were higher in online survey
respondents (mean 4.0, median 4) than in phone survey
respondents (mean 3.1, median 3).

Facilitators and Barriers to Using the App
A total of 84 (84%) participants responded to the facilitator
question, for which we identified 73 segments (from 66

participants) that described facilitators. A total of 80 (80%)
participants responded to the barrier question, for which we
identified 70 segments (from 63 participants) that described
barriers. The analyses of these segments identified 9 facilitators
or motivations (Figure 1) and 9 barriers (Figure 2). The major
facilitators included (1) easily reaching providers, (2) accessing
or providing information, (3) quickly reaching providers, and
(4) consulting providers for symptoms. We distinguished
between barriers 1 and 3, with barrier 1 focusing on convenience
in care access (see code definition and more example quotes in
Multimedia Appendix 2). The main barriers included (1)
privacy/security concerns, (2) uncomfortable using technology,
(3) user-unfriendly app interface, and (4) preference for
in-person/phone care.
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Among participants under 65 years, 87% (33/38) mentioned
facilitators to app use, with the most noticeable one being “easily
reach providers” (frequency of 14). Among participants aged
65 years or older, 53% (33/62) mentioned facilitators, with the
most noticeable one being “access and provide information”
(frequency of 8). Among participants under 65, 55% (21/38)

mentioned barriers to app use, with the most noticeable one
being “lack of timely response” (frequency of 5). Among
participants aged 65 years or older, 65% (40/62) mentioned
barriers, with the most noticeable one being “uncomfortable
with technology” (frequency of 12).

Figure 1. Facilitators to using a symptom monitoring app. Each segment was assigned a single code (ie, facilitator). We have provided an example
quote for each code (in parallel to the bars in the figure). More example quotes are provided in Multimedia Appendix 2.
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Figure 2. Barriers to using a symptom monitoring app. Each segment was assigned a single code (ie, barrier). We have provided an example quote for
each code (in parallel to the bars in the figure). More example quotes are provided in Multimedia Appendix 2.

Discussion

Principal Findings
This is the first study to assess the intention to use a
postdischarge symptom monitoring app in ACS patients. We
found that most (65/100, 65%) ACS patients had the intention
to use an app to monitor and report postdischarge symptoms to
providers. Compared with other participants, those aged 75
years or older or lacking access to technology (ie, internet and
smartphones) had a lower intention to use the app. Furthermore,
phone survey respondents had a lower intention to use the app
than online survey respondents. Open-ended survey questions
identified important facilitators (Figure 1) and barriers (Figure
2) to using the app in the following 4 domains: access to care,
communication, technology, and privacy.

Intention to Use Digital Symptom Monitoring in Older
Patients With ACS
Although ACS patients are mostly older adults, we still found
a high intention to use the symptom monitoring tool in this
population. Specifically, 60% of older participants (≥65 years
old) had the intention to use the app. Furthermore, the
percentage of participants aged 65-74 years who had the
intention to use the app (75%) was as high as that (74%) among
younger participants. Our findings are compatible with previous
findings on the intention to use health information technology,

including symptom monitoring apps, in older adults
[27,28,36-41]. For example, prior studies found that 46%-51%
of participants older than 60 years would like to use a mobile
app to track mental health conditions [27,28]. Other studies also
found mobile symptom tracking apps acceptable for older
patients with heart failure [38,39], and an app incorporating
design features specific to older adults received high usability
scores [39]. Similar to prior studies [27,42], we found that older
participants had a lower intention to use the app, but we saw
this pattern only in participants aged 75 years or older.

Lack of an Email Address in the EHR: A Potential
Indicator for a Low Intention to Use Digital Symptom
Monitoring
For this study, we intentionally used phone calls to recruit
patients who did not have an email address in the EHR. The
absence of an email address may imply a lack of email access,
infrequent use of email, or less comfort with sending and
receiving emails. Most of these participants (ie, those without
an email address in the EHR) chose to complete the survey over
the phone and had a lower intention to use a symptom
monitoring app, even after adjusting for age and access to
technology. This suggests that a lack of an email address itself
may be a useful predictor and provide meaningful information
for health care teams making decisions about remote symptom
monitoring postdischarge. In the future, this information (ie,
lack of an email address in the EHR) can be used to purposefully
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sample key informants to help design and user test symptom
monitoring apps and identify patients who may need greater
training and support in app use.

Patient-Perceived Facilitators and Barriers to Using
Digital Symptom Monitoring
This study also identified important facilitators and barriers to
using a symptom monitoring app in ACS patients. Prior studies
found that perceived usefulness significantly influenced the
intention to use medical apps in older patients [40,41,43,44].
Similarly, we found that the facilitators or motivations to using
a symptom monitoring app mainly were related to perceived
usefulness of the app, such as reaching health providers easily,
accessing and providing health information, and consulting with
providers regarding symptom management. The major barrier
identified was patients’ concerns with privacy and security.
This is common with digital health interventions and needs to
be addressed from the perspectives of both the app and the users
[45-48]. In addition to following the regulations and
incorporating standard security features in app design [47,48],
it is important to assess user opinions on desired privacy and
security features in their local context [46,49]. In this study, we
found that ACS patients were concerned about who will access
their health information and the disclosure of their health
information to a third party without their knowledge and
authorization. Using hospital-authorized apps, clearly
communicating with patients an app’s privacy statement, and
providing options for choosing which information to disclose
with whom may reduce this barrier. Similar to prior studies
[25,26], we found that the most notable barrier for using the
symptom app in older (≥65 years old) ACS patients is being
uncomfortable using technology. Patient-centered app design,
in-hospital training for app use, and app use support from
caregivers may help reduce the barriers [50].

Previous studies found that patients sometimes have challenges
in deciding when to use an app to report symptoms. For
example, patients sometimes reported urgent issues via secure
messaging services designed for communicating nonurgent
issues [51-53]. In addition, prior studies found that ACS patients
were more stressful about certain symptoms and 15% of patients
developed stress disorder symptoms after ACS [54,55]. It is
likely that some patients would unnecessarily seek acute care
when experiencing nonurgent symptoms [56]. In this study, we
did not find these issues to be a theme when analyzing
patient-reported barriers to app use. However, it is important
to communicate with patients about the appropriate use of a
symptom monitoring app and how frequently providers would
review or respond to patient reporting. Patient education on
how to assess the severity of symptoms, for example, identifying
typical ACS symptoms that need urgent care, is also relevant
and may improve health care utilization.

Implications on App Design and Development
Whether an intention to use a digital health app can translate
into real use depends on many factors, such as app design and
implementation strategies to support app use. In addition to
general app design principles (eg, secure and easy to use), this
study suggests additional considerations in app development
for ACS patients. Specifically, we found that older age and lack
of access to technology were associated with a low intention to
use the app, and the most common barrier to app use in older
adults was being uncomfortable using technology. This suggests
that a multimodal strategy may be more effective in engaging
these patients. For those who have nonsmart phones or are less
comfortable using apps, text messaging may serve as an
additional communication channel. Alternatively, app design
may allow for the involvement of family members or caregivers
in symptom tracking. In addition, accessible design principles
for older adults may be incorporated by including a consistent
and simple interface, making the most essential functionalities
readily visible and available, and making it easier to “undo” an
unintended action [57,58]. A co-creation approach that engages
older patients in all stages of app development and user testing
is also important for improving app adoption and user experience
[59,60].

In this study, we also found that patients were motivated to use
an app to easily reach providers. Therefore, the app should allow
providers to easily access symptom reports, triage symptoms,
and respond to patient symptoms and concerns. It is also critical
to engage providers in all phases of app design and testing. App
adoption will need to address how to integrate information from
the app into the EHR, and assess the impact of the app on
provider burden and clinical workflow [61,62].

Limitations
Our sample was relatively small and from a health care system
in 1 state, and most participants were non-Hispanic White.
Therefore, our findings may not be generalizable to other
settings. Constrained by the format of a survey study,
participants’ responses to the open-ended survey questions were
typically short and lacked detailed information about the
contextual factors related to the perceived facilitators and
barriers. We interpret these qualitative results based on the
existing literature. In-depth qualitative studies are warranted to
better understand certain barriers, such as the preference for
in-person care and phone communication.

Conclusions
We found a strong intention of using a symptom monitoring
app postdischarge among ACS patients. However, this intent
was lower in patients aged 75 years or older. Our survey
identified barriers related to privacy and security, technology
use, and the care delivery mode. Using hospital-authorized apps
and in-hospital training may reduce the barriers. Further research
is warranted to determine if such intent translates into app use,
and better symptom management and health care quality.
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Abstract

Background: Social skills training by human trainers is a well-established method to provide appropriate social interaction
skills and strengthen social self-efficacy. In our previous work, we attempted to automate social skills training by developing a
virtual agent that taught social skills through interaction. Previous research has not investigated the visual design of virtual agents
for social skills training. Thus, we investigated the effect of virtual agent visual design on automated social skills training.

Objective: The 3 main purposes of this research were to investigate the effect of virtual agent appearance on automated social
skills training, the relationship between acceptability and other measures (eg, likeability, realism, and familiarity), and the
relationship between likeability and individual user characteristics (eg, gender, age, and autistic traits).

Methods: We prepared images and videos of a virtual agent, and 1218 crowdsourced workers rated the virtual agents through
a questionnaire. In designing personalized virtual agents, we investigated the acceptability, likeability, and other impressions of
the virtual agents and their relationship to individual characteristics.

Results: We found that there were differences between the virtual agents in all measures (P<.001). A female anime-type virtual
agent was rated as the most likeable. We also confirmed that participants’ gender, age, and autistic traits were related to their
ratings.

Conclusions: We confirmed the effect of virtual agent design on automated social skills training. Our findings are important
in designing the appearance of an agent for use in personalized automated social skills training.

(JMIR Hum Factors 2022;9(1):e35358)   doi:10.2196/35358

KEYWORDS

social skills training; virtual agent design; virtual assistant; virtual trainer; chatbot; acceptability; realism; virtual agent; simulation;
social skill; social interaction; design; training; crowdsourcing

Introduction

Social skills training is a method widely applied to help people
who lack social skills. It is used in medical hospitals,
employment support facilities, workplaces, schools, and various
other institutions [1]. Social skills training is generally conducted
by a human trainer to promote appropriate social interaction
skills and strengthen social self-efficacy [2]. The Bellack method
(or step-by-step social skills training) is a well-structured and
widely used evidence-based approach [1]. It is a cognitive

behavioral approach to social skills training inspired by the 5
core principles of social learning theory: modeling, shaping,
reinforcement, overlearning, and generalization [3]. The Bellack
method defines the social skills training framework and its 4
basic skills: expressing positive feelings, listening to others,
making requests, and expressing unpleasant feelings. These
skills are beneficial for all people (not only those with autistic
traits or schizophrenia) [1]. In particular, autism spectrum
disorder (ASD) is a spectrum condition [4], meaning it has a
broad range of characteristics, from mild to severe. Using
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computer agents in social skills training is motivated by the fact
that even though some people with high-functioning autism
experience difficulty during social communication, they also
show good or even superior systemizing skills [5]. Systemizing
is the drive to analyze or build systems and understand and
predict behavior in terms of underlying rules and regularities.
The use of systematic computer-based training for people who
need to improve their social skills has the following benefits:
(1) it uses a computerized environment that is predictable,
consistent, and free from social demands; (2) users can work at
their own pace and level of understanding; (3) training can be
repeated until the goal is achieved; and (4) interest and
motivation can be maintained through computerized rewards.
It may also be easier for those who suffer from social difficulties
to use computer agents than to directly interact with humans
[6]. A past paper suggested that people with social difficulties
such as ASD feel safer and more comfortable in virtual
interactions than in interactions with actual people [7].

We and other research groups have been conducting studies to
automate social skills training using virtual agents, and this
work has led to the development of automatic social skills
training [8-12] that by design resembles human-led social skills
training [10]. The use of conversational agents in health care
was reviewed by Tudor Car et al and Milne-Ives et al [13,14].
Among types of conversational agents, our system includes
video modeling of human behavior, real-time behavior
recognition, and feedback. We previously confirmed the
effectiveness of this training in children and adults with ASD
and in the general population. The automated social skills
training agent plays 2 roles: as a trainer and as a listener. We
confirmed that the system was more effective in training social
skills than the traditional methods of reading books or watching
videos of role models, and that talking to a 3D virtual agent
made users feel more comfortable and less tense than talking
to a human [15]. Automated social skills training targets various
populations, from children to adult men and women, as well as
those with ASD or schizophrenia [1]. However, visual designs
of virtual agents, and what kind of design is more favored or
more accepted, has not yet been investigated. A previous study
showed that the quality of the therapeutic alliance (ie, the level
of rapport and trust) is a reliable predictor of positive clinical
outcomes independent of the approach to psychotherapy
(including social skills training [1] and cognitive behavioral
therapy [16]) or the specific outcome measure [17]. For
automatic social skills training to be adopted and accepted by
individuals, detailed investigation is necessary. In this study,
we focus on comparing virtual agents with varying visual
designs, rather than comparing humans and robots [18] for
assistive technology [19], because we consider that the design
of virtual agents is easier to create and modify.

The visual design of the virtual agent in social skills training
has been previously investigated, although not exhaustively.
For example, Hoque et al [12] paired male participants with a
male coach and female participants with a female coach in order
to minimize gender-based variability in behavior. By contrast,
Tanaka et al [10,15] did not consider the agent’s gender (they
used only a female design). Previous studies have used various
virtual agent designs for different tasks and compared their

appearance and behavior [20-22], realism [23], intensity in
dialogue scenarios, and the appropriateness of body and eye
proportions [24]. Past studies have also created a voice designed
for the elderly [25] and have examined the impact of gender
and race on users’ self-efficacy [26]. Troncone et al [27]
discussed seniors’ psychological perspectives in terms of the
model of acceptance and associated factors. Our study applies
these findings and rating measures to investigate the design of
our virtual agents, aiming to create a more favorable and
acceptable design for automated social skills training. To the
best of our knowledge, previous work has not investigated the
visual design of virtual agents for automated social skills
training, the relationship between acceptability and other
measures, and the relationship between likeability and individual
user characteristics.

This study set Japanese adults as our target users. We prepared
a variety of new virtual agent designs for social skills training
and evaluated them with multiple items on a questionnaire: their
acceptability as a trainer; their acceptability as a listener; their
realism, familiarity, trustworthiness, and eeriness; the likeability
of their face, eyes, hair, perceived age, and voice; and their
overall impression. These criteria were chosen with reference
to the studies of Esposito et al [20,21,25] and Ring et al [24].
We followed their statistical analysis framework and
investigated the appearance of 3D characters in the context of
automated social skills training. First, we evaluated virtual agent
visual design, particularly realism. Previous work has showed
that serious tasks, such as medical diagnosis, require realistic
agents; on the other hand, anime-like agents are more suited to
social chitchat-like dialogue systems [24]. We hypothesized
that anime-like characters would be preferable and more
accepted for automated social skills training since such training
requires friendly characteristics to maintain participant safety,
and because agents play 2 roles: as trainers and as listeners. In
addition, realism is affected by the “uncanny valley”
phenomenon, with the most unrealistic character often being
rated as the most acceptable [23]. We hypothesized that we
would find that the uncanny valley also applies to automated
social skills training agents. Second, to examine new factors
that correlate to acceptability, we quantified the relationships
between acceptability and other measures. We hypothesized
that these questionnaire items would be highly correlated with
each other [23]. Finally, we investigated the differences in
preference for virtual agent design by considering individual
users’ gender, age, and autistic traits in order to enable
personalized automated social skills training. The three main
research problems were (1) to investigate the visual appearance
of virtual agents for automated social skills training; (2) to
investigate the relationship between acceptability and other
measures (eg, likeability, face, voice, realism, and familiarity);
and (3) to investigate the relationship between acceptability and
the individual characteristics of the user (ie, gender, age, and
autistic traits).

This paper is an extension of conference proceedings [28] in
which we reported on the visual design of characters. This paper
adds an analysis of realism and includes a greater number of
participants. We created new agents and videos and evaluated
their realism. We also investigated whether people with high
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or low autistic traits rated the likeability of virtual agents
differently depending on the realism of the agent. We also
analyzed the correlation matrix between all questionnaire items
in order to confirm correlations between acceptability and other
measures. Finally, this paper discusses and summarizes findings
from a series of experiments.

Methods

Visual Design of Virtual Agents
We first prepared an illustration of a virtual agent, as shown in
Figure 1. The virtual agents were designed by a company
specializing in Japanese animation.

Figure 1. Images of the 9 virtual characters and representative measures collected from data set 1 and data set 2.

All characters faced the front with no emotional expression.
Characters A and B (female) and C and D (male) were designed
with a consistent age, with only the degree of their realism and

gender changing. Character E was an inanimate object created
for use with children. Character F was a nonhuman animal (a
dog), also for use with children. For character G, we created a
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realistic 3D model similar in appearance to characters A and B
and took a screen capture from the front. Character H was the
default agent provided by the Greta platform (developed by
Pelachaud et al) [29], which is an embodied conversation agent
that can be created with the Autodesk character generator
(Autodesk Inc.) [30]. Character H was intended for use mainly
with French- and English-speaking users. Character F was
designed for Japanese female users. In the current study of
automated social skills training, character I was selected as the
virtual character [10]. The representation of characters H and I
was created by taking a screen capture from the front.

The sentence “Hello, let’s practice communication together”
was embedded in the image with both a male and a female voice.

The utterance was 5 seconds in length and spoken by Google
Text-to-Speech. Characters E and F were created with
higher-pitched voices than those used for normal female speech
synthesis, to mimic children’s voices.

Since 3D models were available for characters H and I, we were
also able to create videos for them in Greta (Figure 2).
Movements and gestures were added, such as the character
raising its hands or putting its hands on its chest, synchronized
to the speech content. These same behaviors and synchronization
for characters H and I were also generated in Japanese, with an
utterance length of 8 seconds. The speech synthesis used the
voice of the character “Yuki” in CereProc (CereProc Ltd.).

Figure 2. Screen captures of videos of two of the virtual characters (A) and representative measures collected from data set 3 (B, C).

We further analyzed the effect of realism by designing additional
virtual agents, also with the aid of a design company specializing
in Japanese animation. These agents were designed using the
Maya tool (Autodesk Inc.). We prepared 6 levels of realism,
following a previously reported method [23]. The degrees of
realism were as follows: (1) pencil toon, (2) flat toon, (3) shaded

toon, (4) bare toon, (5) computer-generated toon, and (6) human
(with subsurface scattering), as shown in Figure 3. The same
behavior was generated for these 6 agents, with Japanese speech
synthesis and lip-synching using the same words as described
above. All of these images and movies are available upon
request to the first author.
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Figure 3. Screen captures of the 6 virtual agents (A); acceptability as a trainer in data set 4 (error bars represent SE) (B); and the evaluation of likeability
by high and low SRS score groups (C).

Participants
For data collection, we recruited participants from a
crowdsourcing service (Crowdworks). The recruitment notice
asked for participants 18 years of age or older with Japanese
nationality. In order to divide the task among the participants,
data were collected in 4 separate data sets with different
participants. Data set 1 had 305 participants (with a male to
female ratio of 148 to 157), data set 2 had 301 participants (with
a male to female ratio of 131 to 170), data set 3 had 302
participants (with a male to female ratio of 145 to 157), and
data set 4 had 305 participants (with a male to female ratio of
145 to 160). All data sets can be found in multimedia appendix.
Data set 1 was used to investigate image acceptability,
likeability, familiarity, likeability of certain elements (ie, eyes,
face, hair, voice, and perceived age), autistic traits, and
alexithymia. Data set 2 was used to investigate realism,
trustworthiness, and eeriness of the agents. Data set 3 was used

to investigate the videos with characters H and I. Data set 4 was
used to investigate the realism of the movies, as well as autistic
traits. For the validation to have a sufficient sample size, we
collected a larger sample size for each data set compared to
previous works, which have recruited around 40 to 70
participants from regional communities [20,21] or have used
Amazon’s Mechanical Turk platform [24]. In this study, we
also performed a grouped analysis using 45 years as the
threshold for high and low age groups (high age: n=84; low
age: n=21).

Autistic Traits
In data set 1 and data set 4, we used the adult version of the
Social Responsiveness Scale-2 (SRS) [31] to assess autistic
traits. This measures how many autistic traits an individual
shows and can be used across the general population, not only
with people who are suspected of having ASD. In data set 1,
we measured the Toronto Alexithymia Scale-20 (TAS) [32] to

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e35358 | p.757https://humanfactors.jmir.org/2022/1/e35358
(page number not for citation purposes)

Tanaka & NakamuraJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


assess alexithymia. In both cases, we calculated the total score.
We did not calculate subscales in this study. In data set 1, the
2 questionnaires had a Spearman correlation coefficient of 0.67
(P<.001), which indicates a high correlation between autistic
traits and alexithymia. We are currently planning a future
analysis that will use SRS as a measure of autistic traits. In this
study, we used a cutoff value of 81 points [33] as the threshold
for high and low SRS score (subjects with a high SRS score:
n=113; low SRS score: n=192). We also measured SRS scores
in data set 4 and also set a threshold for high and low SRS scores
in that data set (high: n=129, low: n=177).

Measures
Questionnaire items and scales were prepared with reference
to studies by Esposito et al and Ring et al [20,21,24,25]. The
questionnaire items measured the acceptability of the agent as
a trainer and as a listener; its realism, familiarity,
trustworthiness, and eeriness; the likeability of its face, eyes,
hair, perceived age, and voice; and its overall impression. Each
question was answered through a Google Form. In data set 1,
each question item was answered after completing the SRS and
TAS. In data set 3, in addition to the above, we added the
likeability of the clothes the agent wore, because the video
included the entire upper body of the virtual agent. We asked
the participants to read a description of the concept of social
skills training (in particular, the function of a virtual agent to
train the user’s social communication skills and also listen to
the user). We performed a preliminary test with a few adults to
check whether the participants understood the social skills
training, and we wrote instructions. Participants first looked at
a set of all the images (Figure 1) to get an impression of all the
virtual agents, and they then watched the individual virtual
agents and answered each question. The questions were
evaluated with a 5-point Likert scale (from 1, “I don’t think so
at all,” to 5 “I think so very much”). Spearman ρ was calculated
to determine the relationship between the questionnaire items.

R (R Foundation for Statistical Computing) was used for the
analysis. Since normality could not be confirmed in the ratings
of the questions by the Kolmogorov-Smirnov test, the
Kruskal-Wallis test was used to examine the differences between
the virtual agents. In the analysis for each group of gender, age,
and SRS, we calculated the effect size (r). We report the top 3
combinations of r from all combinations of virtual agents and
questionnaire items. Furthermore, we performed the Wilcoxon
signed-rank test to compare pairs of factors.

Ethical Considerations
This was an anonymous study in which the participants enrolled
themselves by registering through Crowdworks and agreeing
to participate in the study. Since participation was anonymized,
the study was exempt from registration with our institutional
review board.

Results

In reporting the results, we did not report all measures, in order
to focus on significant findings. The following is a summary of
the experimental results.

First, the differences in ratings between the virtual characters.
The Kruskal-Wallis test confirmed that there were significant
differences between the virtual characters in all measures
(P<.001). Regarding realism, the distribution was as expected
in the original design: character A was more realistic than
character B and character G was the most realistic. The most
preferred virtual character among the participants was character
B, averaging 3.29 (SD 1.0) (Figure 1). Character B was also
highly evaluated in other questionnaire items. We also found
that the male characters, C and D, and the nonhuman characters,
E and F, had lower likeability than character B, and that
character H had less likeability and less familiarity.

Next, the correlations between questionnaire items. Figure 4
shows the correlation matrix. There was a high correlation
between face and preference (ρ=0.78, P<.001). There was also
a high correlation between acceptance as a trainer and
acceptance as a listener (ρ=0.80, P<.001). On the other hand,
although a significant difference was confirmed regarding voice
preference and other questionnaire items, the correlation
coefficient was relatively low.

Table 1 lists the top 3 combinations of virtual agents and
questionnaire items that had the highest effect size (r) for gender,
age, and SRS score. All cases with a statistically significant
difference are listed in Multimedia Appendix 1. Male subjects
evaluated character G’s face, overall likeability, and
acceptability as a trainer more highly than did female subjects.
The higher age group evaluated character I’s eyes and face more
highly than did the lower age group. The high SRS score group
evaluated the likeability of character G’s eyes and hair more
highly than did the low SRS score group.

Figure 2 shows a comparison of the videos of characters H and
I, indicating that acceptability and familiarity were significantly
greater for character I than H (all P<.001).

Figure 5 shows the overall rating for realism for the agents
shown in Figure 3. The Kruskal-Wallis test confirmed that the
virtual agents differed significantly in realism (P<.001) and
confirmed our design assumption that agents 1 through 6 would
have increasingly greater realism. Figure 3 shows the
acceptability as a trainer and likeability of the virtual agents.
The Kruskal-Wallis test confirmed that the virtual agents
differed significantly in all measures (P<.001). We found a
small difference between the high and low SRS score groups
in their evaluation of likeability (Figure 3 lower right), but the
Wilcoxon rank-sum test showed no significant difference (for
character 1, P=.13 and for character 6, P=.25) and a small effect
size.
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Figure 4. Correlation matrix of measures.

Table 1. Relationship between questionnaire items and gender, age, and SRS score.

Trendr (P value)Questionnaire itemUser characteristic

Gender

Male > female0.29 (<.001)FaceCharacter G

Male > female0.25 (<.001)LikeabilityCharacter G

Male > female0.25 (<.001)TrainerCharacter G

Age

High > low0.21 (<.001)EyesCharacter I

High > low0.19 (<.001)FaceCharacter I

High < low0.17 (.003)ListenerCharacter A

SRS score

High > low0.19 (.001)EyesCharacter G

High > low0.18 (.002)HairCharacter G

High > low0.16 (.009)FaceCharacter G
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Figure 5. Realism measures collected from data set 4. Error bars represent SE.

Discussion

The objective of this study was to examine virtual agent visual
design for automated social skills training, the relationship
between acceptability and other measures, and the relationship
between likeability and individual user characteristics. We also
investigated the acceptability and likeability of the virtual agents,
as well as various other measures. We were able to confirm that
the virtual agents had different ratings. First, we found that the
realism of the virtual agent design could be controlled through
the selection of characters A, B, or G. We found that character
B, originally designed as an anime-like teenage female character,
was the most likable (Figure 1). Since Japanese people are rather
accustomed to watching anime-like videos, familiarity with
such characters is high. The anime art form, having originated
in Japan in the early 1900s, is a uniquely stylized form of 2D
and 3D illustration [34]. Such a female anime-like character
was also integrated and familiarized in our previous research
on automated social skills training [8]. On the other hand, other
virtual characters, such as the inanimate object (character E) or
the animal (character F), as well as characters G and H, were
less accepted and were not preferred.

We found significant correlations between questionnaire items
(P<.001) and a high correlation between face and preference.
This face factor influenced the development of the automated
social skills training. There was also a high correlation between
acceptance as a trainer and acceptance as a listener (Figure 4).
In this case, we could not confirm the difference between the
role as trainer and that as listener, because no continuous
interactive dialogue was available. When the roles of virtual
characters are more carefully chosen in the future, we assume
that an investigation of this issue will also be necessary. Since
the same voice was used for each virtual character, the
correlation coefficient was relatively low. Therefore, we should
explore the effect of voice using a variety of speech synthesizers
in the future.

We also found very similar tendencies in video versions of the
training agents. However, in terms of familiarity, we confirmed
that the rating for the video version of character H was higher
than its image version due to the addition of naturalistic
movement. Regarding the videos shown in Figure 2,
acceptability, and familiarity were significantly greater for

character I than H. This shows that Japanese users preferred the
anime-like character I over the original Greta character H.

We also found that realism, as shown in Figure 5, was associated
with acceptability and likeability (Figure 3), a finding that is
similar to that reported by McDonnell et al [23]. This may be
related to the uncanny valley effect [35,36] and represent an
intermediary between the responses to characters 3 (shaded
toon) and 4 (bare toon). Although the most highly evaluated
agent was character 6, the human with subsurface scattering,
this sort of agent may need high-quality 3D modeling for its
appearance and movement to be natural enough for use in
automated social skills training. Thus, the second-ranked
character, character 3 (shaded toon), may be the most promising
for a realistic virtual agent for automated social skills training.

We found that the female virtual character, character G, was
rated as more preferred by male participants. In addition, since
we confirmed that character B was also significantly highly
rated by male participants, it appears that the male participants
rated female virtual characters as more preferable. Character
B, originally designed as an anime-like teenage female character,
was judged the most likable by all participants. We found that
character I was preferred by older participants. Since character
I was designed to appear relatively older (and was originally
designed for participants in their 40s), it seems that the older
group rated characters closer to their own age as more
trustworthy. Therefore, when developing automated social skills
training for older users, character I might be the most appropriate
type of visual design. In this paper, one of our goals was to
analyze the effect of autistic traits. We found that autistic traits
were strongly associated with alexithymia (Spearman ρ=0.67).
Thus, we focused only on SRS score to measure autistic traits.
Our results showed that people with high autistic traits had a
preference for realistic agents. We also confirmed that the group
with high autistic traits gave a high rating to characters G and
H in data set 1. This is a similar finding to previous work [18].
However, we did not find a difference in the case of data set 4.

Further investigation is needed to examine altered cognition in
autism and its effects in order to conduct a comparison of virtual
agents and real human agents. Although the target population
of this study was adults 18 years or older, children with ASD
may prefer nonhuman virtual agents, such as trains [5]. We must
consider the effects of virtual agents in younger users. In future
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work, we hope to examine the effect of cultural differences,
younger age, and virtual agent facial expressions on
acceptability. These features could be used as variables of
interest. In addition, this study did not confirm whether
crowdsourced workers have sufficient knowledge of social skills
training. Consequently, we need to investigate the effects of
integrating design into an interactive social skills training
dialogue system [8,9].

Conclusions
In this study, we prepared various new virtual agent visual
designs for social skills training and evaluated the designs based
on multiple questionnaire items that assessed likeability,
acceptability, realism, familiarity, and trustworthiness, among
other factors, in a study sample of 1218 crowdsourced

evaluators. We tested differences in preferences for virtual agent
visual designs based on the gender, age, and autistic traits of
the participants, in order to create personalized virtual agents.
We found that our participants preferred, perhaps through
familiarity, anime-like characters, likely because Japanese
people are rather accustomed to watching anime-like videos.
Our conclusion for implementing an optimal virtual agent for
use with Japanese users is generally to design a female
anime-type agent (especially a toon-shaded type), which has
been shown to be favored and acceptable. We also found that
preferences for virtual agent visual design differed according
to user gender, age, and autistic traits. For example, we
confirmed that users with high autistic traits showed a high
preference for virtual agents with a realistic appearance.
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We would like to share our ideas on the paper “Evaluating Voice
Assistants’Responses to COVID-19 Vaccination in Portuguese:
Quality Assessment” [1]. Seródio Figueiredo et al [1] concluded,
“Under the urgent context of COVID-19 vaccination, this work
can help to understand how VAs must be improved to be more
useful to the society and how careful people must be when
considering VAs as a source of health information.” We agree
that voice assistants (VAs) could be useful in managing
COVID-19 mass immunization campaigns. Current reports can
provide an overview of existing technologies and the mission
of various VA suppliers in order to meet current information
distribution requirements. However, as previously said, the
question of system functioning remains critical. Findings on
VAs still have variability and need to be harmonized [2]. In
addition, effective governance is required for transparency and
usefulness in information partnerships [2].

Seródio Figueiredo et al [1] assessed VAs via 2 evaluators. A
set of questions was used. The focus was on agreement between
the 2 evaluators. Interevaluator variability should be assessed
and presented as well. In general, there should be 3 evaluators
to aid the final decision. Additionally, the scoring system of
this study might be easily influenced by bias. Essentially, any
questionnaire-based study requires a reliability test of the
questionnaire. Content validity, face validity, and
criterion-related validity tests are required. A standard method,
as presented by Bolarinwa [3], should be used. A statistical
analysis of the questionnaire’s reliability must be presented in
addition to a general description. Without proven measures of
questionnaire reliability and evaluator variability, the use of
this tool in this study might be questionable.
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Abstract

Background: Remote assessment of respiratory tract infections (RTIs) has been a controversial topic during the fast development
of private telemedicine providers in Swedish primary health care. The possibility to unburden the traditional care has been put
against a questionable quality of care as well as risks of increased utilization and costs. The COVID-19 pandemic has contributed
to a changed management of patient care to decrease viral spread, with an expected shift in contact types from in-person to remote
ones.

Objective: The main aim of this study was to compare health care consumption and type of contacts (in-person or remote) for
RTIs before and during the COVID-19 pandemic. The second aim was to study whether the number of follow-up contacts after
an index contact for RTIs changed during the study period, and whether the number of follow-up contacts differed if the index
contact was in-person or remote. A third aim was to study whether the pattern of follow-up contacts differed depending on whether
the index contact was with a traditional or a private telemedicine provider.

Methods: The study design was an observational retrospective analysis with a description of all index contacts and follow-up
contacts with physicians in primary care and emergency rooms in a Swedish region (Skåne) for RTIs including patients of all
ages and comparison for the same periods in 2018, 2019, and 2020.

Results: Compared with 2018 and 2019, there were fewer index contacts for RTIs per 1000 inhabitants in 2020. By contrast,
the number of follow-up contacts, both per 1000 inhabitants and per index contact, was higher in 2020. The composition of both
index and follow-up contacts changed as the share of remote contacts, in particular for traditional care providers, increased.

Conclusions: During the COVID-19 pandemic in 2020, fewer index contacts for RTIs but more follow-up contacts were
conducted, compared with 2018-2019. The share of both index and follow-up contacts that were conducted remotely increased.
Further studies are needed to study the reasons behind the increase in remote contacts, and if it will last after the pandemic, and
more clinical guidelines for remote assessments of RTI are warranted.
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Introduction

Respiratory tract infections (RTIs) are one of the most common
reasons for contacts in Swedish primary care [1]. The outbreak
of the COVID-19 pandemic has led to a higher threshold to
assess uncomplicated RTIs in primary care using in-person
contacts. Thus, the pandemic has catalyzed the development,
implementation, and use of remote contacts with primary care
providers, including traditional telephone contacts as well as
digital contacts (email, chat, video consultations) [2]. Private
telemedicine providers offering exclusively video consultations
or chat on-demand have been established both in Sweden and
worldwide during past years [3,4], and the number of contacts
with private telemedicine providers is increasing rapidly [4].
The traditional primary care sector in Sweden has also
implemented different telemedicine platforms as a complement
to traditional care, including mostly chat or email. Although
patients and health care staff report satisfaction with remote
contacts [5,6], there is a lack of evidence about risks, benefits,
and cost efficiency regarding assessment of symptoms through
digital contacts compared with traditional physical contacts in
primary care [7-9]. For example, diagnostic difficulties and an
increased number of follow-up contacts have been described
after management of RTIs by digital contacts in the United
States [10]. However, a recent Swedish study found no increase
in follow-up rates or antibiotic use for virtual care compared
with emergency care or primary care for low-acuity urgent
conditions [11]. Previous studies have described the expansion
of telemedicine in Sweden before 2019 [12]. In line with
international evidence [8], the availability of such services has
been associated with a net increase in health care utilization
[13].

The COVID-19 pandemic has led to a fast shift in the modality
by which patients and health care communicate, from in-person
to remote contacts (primarily to minimize the SARS-CoV-2
spread), despite insufficient guidelines and conflicting evidence
regarding its impact on health-related outcomes [14]. A basic
search in PubMed (MEDLINE) using keywords of the study
aim identified a knowledge gap, with no prior studies about
how this shift in communication has affected the search pattern
for RTIs, and how the composition of follow-up contacts differs
if the index contact is physical or digital.

The first aim of this study was to analyze the change in number
and percentage of in-person contacts and remote contacts,
respectively, for RTI between January-June 2018/19 and
January-June 2020. The second aim was to study whether the
number of follow-up contacts after an index contact for RTI
changed during the study period, and whether the type and
number of follow-up contacts differed between index in-person
contacts and index remote contacts. A third aim was to study
whether the pattern of follow-up contacts differed depending
on whether the index contact was with a traditional care provider
or a private telemedicine provider.

Methods

Study Design
The study design was an observational retrospective analysis
describing physician contacts in primary care and at hospital
emergency rooms of patients with an index contact for RTIs in
January-June 2020, 2019, and 2018. The first 6 months of 2020
were chosen to study the development of RTI-related contacts
during the start of the COVID-19 pandemic. The monthly
development of physician contacts in 2018 and 2019 was used
to illustrate seasonal patterns in the absence of a pandemic. The
study was set in the Swedish region Skåne, which is the third
largest region (1.4 million inhabitants), with a wide geographical
variation including large, middle-sized, and small cities as well
as rural areas. The region was relatively mildly hit by the first
wave of the pandemic. In the first half of 2020, the number of
laboratory-confirmed COVID-19 cases per 100,000 inhabitants
was 219; 110 patients with COVID-19 received intensive care
and 248 inhabitants died with a COVID-19 diagnosis. This may
be compared with one of the worst hit regions in
Sweden—Stockholm (2.4 million inhabitants), which recorded
798 confirmed cases per 100,000 inhabitants, 894 intensive care
patients, and 2,331 deaths in the same period [15].

Study Population and Data
The study population consisted of all individuals with a
registered address in Skåne (Region Skåne) on December 31 in
2017, 2018, or 2019 (according to the Swedish population
register held by Statistics Sweden). For this population, data on
in-person or remote contacts with care providers located in
Skåne (public or contracting with the region) were collected
from the regional health authority’s care register “Region Skånes
Vårddatabas” (RSVD). The data included information on date
of contact, type of contact (in-person/remote), and up to 8
diagnoses for all care contacts in the period August 2017 to July
2020. Data for the same population located in Skåne on contacts
with private telemedicine providers, which are formally located
in other regions (Region Sörmland and Region Jönköping) and
therefore report to care registers in these regions, were sourced
from the health authorities in those regions and a register of
extra-regional care contacts of inhabitants in Skåne. Multimedia
Appendix 1 presents more details on data sources for the
different types of contacts and information about missing data
on registered diagnoses from the various sources.

In the analysis, we distinguished between physician contacts
that were in-person or remote (ie, consultations by telephone,
video, or asynchronous chats). We further distinguished between
remote contacts with traditional providers (defined as all primary
health care centers and hospital emergency rooms) and remote
contacts with pure on-demand telemedicine providers. Such
telemedicine services were offered by the private companies
Kry, Capio Go, Min Doktor, Doktor.se, Doktor 24, Medicoo,
Accumbo. During the study period, traditional care providers
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mainly offered remote contacts via phone and to some extent
by asynchronous chats, whereas private on-demand telemedicine
providers primarily offered asynchronous chats or video calls.
We linked the data from different registers using
pseudo-anonymous individual identifiers provided by Statistics
Sweden. The linked data set included all contacts with traditional
and private telemedicine providers made by the study
population.

Outcome Variables
Primary outcome variables were index contacts and follow-up
contacts with a physician for patients with a registered

RTI-relevant diagnosis (Table 1). Definition of the variables
are presented in Table 2.

The study included index contacts occurring during any of the
following periods: January 1, 2018-June 30, 2018; January 1,
2019-June 30, 2019; and January 1, 2020-June 30, 2020. We
studied the total number of index contacts per 1000 inhabitants,
and the total number of follow-up contacts per 1000 inhabitants
and per index contact. In addition, we reported the number of
unique patients hospitalized with an RTI diagnosis according
to Table 1 (per 1000 inhabitants).

Table 1. ICD-10a diagnosis codes of relevant diagnoses [16].

Diagnosis groupDiagnosis code ICD-10

Acute upper respiratory infectionsJ00-J06

Influenza and pneumoniaJ10-J18

Acute bronchitisJ20

Unspecified acute lower respiratory infectionJ22

CoughR05

DyspneaR06.0

Fever of other and unknown originR50

Coronavirus infection, unspecified siteB34.2

Viral infection of unspecified siteB39

Other infectious diseaseB99

Otitis media and mastoiditisH65-H70

COVID-19, virus identifiedU07.1

COVID-19, virus not identifiedU07.2

Health care intervention related to coronavirus infection (ICD-10-SEb)ZV100

aICD-10: International Classification of Diseases.
bICD-10-SE: the Swedish version of ICD 10.

Table 2. Definitions of the outcome variables.

Subtype of contactDefinitionType of contact

In-person contactsaThe first physician contact with a registered respiratory tract in-
fection–relevant diagnosis after a period of no such diagnosis for
at least 181 days.

Index contact

Remote contacts with a traditional providerb

Remote contacts with a private telemedicine providerc

In-person contactsaA physician contact (regardless of diagnosis) within 30 days after
the index contact.

A follow-up contact

Remote contacts with a traditional providerb

Remote contacts with a private telemedicine providerc

aIn-person contacts at a primary care center or a hospital emergency room.
bRemote contacts with a traditional provider (a primary health care center or a hospital emergency room).
cRemote contacts with a private telemedicine provider (offering on-demand services).

Statistical Analysis
Health care contacts were summarized by month and type of
contact. Data were analyzed graphically to compare the
development of index and follow-up contacts using monthly

averages for the 3 study periods (January-June 2018,
January-June 2019, and January-June 2020). Regression-based
unpaired t tests using data on the index visit level were applied
to test if the average number of follow-up contacts per index
visit in March-June in 2020 was different from the number in
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the corresponding periods in 2018 and 2019. Pearson χ2
2 tests

were used to test the null hypothesis that the distribution of the
types of follow-up contacts—in-person, remote (traditional),
or telemedicine—was similar in these periods.

Ethical Considerations
This research and the individual-level data compilation have
been approved by the Ethical Regional Review Board in
Gothenburg (Dnr: 068-18) and Swedish Ethical Review
Authority (2020-02405).

Results

Yearly Comparisons
Table 3 displays the number of index and follow-up contacts
(in total and per 1000 inhabitants) and Table 4 presents
follow-up contacts per index contact (decomposed by type of
contact) for each year. The total incidence of RTI consultations
(index + follow-up) was the largest in 2018 (79.82 + 38.95 =
almost 120 index and follow-up contacts/1000 inhabitants). The
totals in 2019 and 2020 were similar (approximately 105
contacts/1000 in both years). Comparing the pandemic spring
2020 with the springs of 2018 and 2019, there were fewer index
contacts in 2020 (63 vs 70-80 per 1000 inhabitants) and a larger

number of follow-up visits, both per 1000 inhabitants (42 vs
36-39) and per index contact (0.66 vs 0.49-0.51).

Table 3 also shows that the share of remote contacts—with
either traditional or private telemedicine providers—was larger
in 2020 compared with previous years (0.26 compared with
0.08 and 0.10). Notably, the share of remote contacts with
private telemedicine providers increased from 0.04 to 0.06
(which is a substantial increase in relative terms) already
between 2018 and 2019. Table 3 further shows that the number
of hospitalizations (per 1000 inhabitants) with relevant diagnoses
was larger in 2020. However, after subtracting the
hospitalizations directly related to COVID-19, the number was
instead lower than that during previous years.

Table 4 shows a decomposition of follow-up contacts, both by
type of index contact and by type of follow-up contact. The
number of follow-up contacts per index contact was larger for
remote index contacts than for in-person index contacts in all
years (eg, in 2020 there were 0.60 follow-up contacts per
in-person index contact, compared with 0.90 follow-up contacts
per remote index contact with a traditional provider, and 0.69
follow-up contacts per on-demand index contact). In particular,
the number of follow-up contacts was substantially higher for
remote index contacts with traditional care providers than for
the 2 other types of index contacts, which had more similar
rates.

Table 3. Number of index and follow-up contacts by year.

YearContacts per 1000 inhabitants

202020192018

87,12595,955107,330Index contacts (total)

63.2370.4479.82Index contacts/1000a

0.740.900.92Share in-person

0.160.040.04Share remote (traditional)

0.100.060.04Share telemedicine

57,25349,39952,370Follow-up contacts (total)

41.5536.2738.95Follow-up contacts/1000a

0.460.620.63Share in-person

0.470.340.34Share remote (traditional)

0.070.040.03Share telemedicine

5.12b4.164.75Hospitalizations/1000a

1,377,8261,362,1631,344,685Populationc

aNumber of contacts per 1000 inhabitants in the population.
bWhen subtracting diagnoses directly related to COVID-19, the number of hospitalizations/1000 is equal to 3.25.
cThe population includes all individuals with a registered address in Skåne (Region Skåne) on December 31 the preceding year (according to the Swedish
population register held by Statistics Sweden).
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Table 4. Number of follow-up contacts per index contact (by type of contact).

YearIndex and follow-up types

202020192018

Index, All

0.660.510.49All

Index, in-person

0.600.500.48All

0.300.310.30In-person

0.270.180.16Remote (traditional)

0.020.010.01Telemedicine

Index, remote (traditional)

0.900.750.73All

0.290.370.37In-person

0.580.380.35Remote (traditional)

0.020.010.01Telemedicine

Index, telemedicine

0.690.540.49All

0.280.330.30In-person

0.140.060.05Remote (traditional)

0.260.150.13Telemedicine

Comparison of Monthly Development of Index and
Follow-Up Contacts
Figure 1 shows the development of the index contacts by month
and year. Figure 1A displays all index contacts (per 1000
inhabitants) and Figure 1B shows the share of consultations that
were remote contacts. The number of in-person (Figure 1C) and
remote (Figure 1D) index contacts per 1000 inhabitants is also
presented in the figure. Figure 1 shows that before the pandemic
started, the number of index contacts in 2020 was at a similar
level as in the corresponding months during previous years.
From the 2018/19 graphs, we see that RTI-related index contacts
usually peak in February and decrease in the following months.
In 2020, these contacts instead peaked in March, and then
decreased to lower levels than usual in the following months.
The reduction in the number of contacts was primarily due to
a reduction of in-person index contacts (Figure 1D). They
increased and peaked in March before decreasing at the end of
the study period. The Figure 1B shows that the share of index
contacts that were conducted remotely was small and close to
constant during 2018 and 2019. During 2020, the share increased
substantially in March-April and then decreased, although it
remained at a substantially higher level than in previous years.

Figure 2 displays the development of remote index contacts
decomposed by type of provider (traditional provider or private
telemedicine provider).

While the number of remote contacts with private telemedicine
providers was slightly higher in comparison to previous years
already in January 2020, the number of remote contacts with
traditional providers in January to February was at the same
level from 2018 to 2020. Between February and March 2020,
there was a substantial increase in the number of remote contacts
in comparison to previous years for both provider types.
However, for private telemedicine providers, the increase was
only temporary, and it was smaller (in both absolute and relative
terms) than that for traditional providers. Although the number
of remote index contacts with traditional primary care providers
decreased slightly after April, it remained more than twice as
high as in January.

Figure 3 presents the trends of follow-up contacts per month
and year. The number of follow-up contacts per 1000 inhabitants
in January-February was similar in 2020 and in 2019, but higher
in 2018 (because the number of index contacts was higher;
Figure 3A). During March and April 2020, the number of
follow-up contacts was higher in 2020 than in the corresponding
months of 2018 and 2019. The development in the number of
follow-up contacts per index contact during 2020 deviated
substantially from previous years from March onward (Figure
3B). The share of follow-up contacts conducted remotely
increased, in particular for the traditional primary care providers
(Figure 3C), but to some degree also for private telemedicine
providers (Figure 3D).
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Figure 1. Index contacts by year, month, and type of contact. (A) The number of index contacts per 1000 inhabitants and (B) the share of the index
contacts that were conducted remotely. The number of index contacts per 1000 inhabitants decomposed by (C) in-person and (D) remote contacts
(independent of provider).

Figure 2. Remote index contacts by year, month, and type of provider. Graphs present the number of remote index contacts with traditional providers
and remote contacts with private telemedicine providers separately.
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Figure 3. Monthly follow-up contacts, 2018-2020.

Differences in Type of Follow-Up Contacts Per Index
Contact
Table 5 presents the difference in the average number of
follow-up contacts per index contact between the pandemic
period (March to June 2020) and the corresponding period in
2018 and 2019. Every row represents a type of index
consultation, and each column represents a type of follow-up

contact. The category All includes in-person contacts and remote
contacts with either a telemedicine or traditional primary care
provider. These results provide an overview of how COVID-19
changed the number and composition of follow-up contacts per

index contact. The fifth column presents the Pearson χ2
2

statistics testing whether the composition of the follow-ups in
2020 is statistically different from the previous years.

Table 5. Difference in the number of contacts within 30 days per index contact.

Type of follow-upaType of index contact

χ2
2

TelemedicineRemote (traditional)In-personAll

5437 (<0.001)0.037 (<0.001)0.24 (<0.001)–0.032 (<0.001)0.25 (<0.001)All

2775 (<0.001)0.012 (<0.001)0.21 (<0.001)–0.029 (<0.001)0.19 (<0.001)In-person

372 (<0.001)0.014 (<0.001)0.24 (<0.001)–0.080 (<0.001)0.17 (<0.001)Remote (traditional)

645 (<0.001)0.16 (<0.001)0.13 (<0.001)–0.0087 (<0.001)0.20 (<0.001)Telemedicine

aP values are in parenthesis (see text for detailed explanation).

The differences in the average number of follow-up contacts
per index are obtained from linear regression models. Each
coefficient represents the difference in the average number of
follow-up contacts per index contact between March to June in
2020 and the same period in 2018 and 2019. P values from
hypothesis tests of the coefficient being equal to 0 are presented
in parenthesis. These P values, which are based on robust
standard errors, indicate that all differences are significantly

different from 0. The last column presents results from Pearson

χ2
2 tests of the null hypothesis that the distribution of the types

of follow-up contacts—in-person, remote (traditional), or
telemedicine—from March to June 2020 was the same as in the
corresponding periods in 2018 and 2019. These P values indicate
that for all types of index contacts, the distribution of follow-up
contacts in 2020 was different from that in previous years.
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The first row, which considers all contacts irrespective of type,
shows that the average number of follow-up contacts per index
contact increased by 0.25 in 2020 compared with the same
period in previous years. The composition of follow-up contacts
also changed, with fewer in-person and more remote contacts.
The increase was especially strong for follow-up contacts with
traditional providers: the increase of this type of contact was of
similar size as the total increase. The increase of 0.037 follow-up
contacts with private telemedicine providers thus almost offset
the decrease of 0.032 in-person follow-up contacts.

Looking at the results by type of index contact, the total number
of follow-up contacts per index contact (subcolumn All)
increased by a similar amount for all types of index contacts.
(Note that the change for the All category [0.25] is larger than
the changes for each type of index contact [0.17-0.20]). This is
due to the change in the composition of index contacts illustrated
in Tables 3 and 4 and Figure 1. The shift from in-person to
remote follow-up contacts was also visible for all index contact
types. The overall increase for index contacts with a traditional
provider was primarily due to an increase in remote follow-up
contacts with the same kind of provider; follow-up contacts
with private telemedicine providers only increased marginally.

The increase in the total number of follow-up contacts per
private telemedicine index (presented in the fourth row) is of
similar size as the increase in telemedicine follow-up contacts.
Thus, the increase in remote follow-ups with traditional
providers was offset by a decrease in in-person follow-up
contacts.

Discussion

Principal Findings
The total number of index contacts for RTIs decreased in spring
2020 compared with the corresponding periods in 2018 and
2019. This pattern may partly be explained by the governmental
decision in the spring of 2020 to temporarily remove the
mandatory sick certificates necessary after the first sickness
week [17], certificates that usually needed an in-person contact
with a physician prior to the pandemic. Another possible
explanation relates to the initial shortage of SARS-CoV-2 test
capacity. Patients with light/moderate RTI symptoms might
have followed the advice to stay in quarantine and not contact
the health care service unless they developed severe symptoms.
Social distancing and hygiene measures probably also lead to
a general decrease in viral infections such as influenza [18].
Given that the total incidence of RTI contacts was similar in
the springs of 2019 and 2020, one possible interpretation of the
decrease in index visits in 2020 could be that an increasing load
of follow-up contacts during the pandemic spring displaced new
patients (new index contacts). However, the monthly trends
shown in Figures 1 and 3 point against this interpretation, as
both index and follow-up contacts peaked during the same
month (March) and index contacts decreased more than the
increase in follow-up contacts in April. In other words, the peak
in follow-up contacts took place well before the drop in index
contacts.

The share of index contacts conducted remotely increased
substantially, particularly for traditional care providers. The
increase in remote index contacts peaked in March 2020 for
both traditional and private telemedicine providers and remained
high for traditional care providers until the end of our study
period (June 2020). With regard to follow-up contacts, the
pandemic spring 2020 was associated with both an increase in
the number of follow-up contacts per index and an increasing
share of remote follow-up contacts, regardless of whether the
index contact was conducted in-person or remotely.

Already before the pandemic, traditional care providers provided
more follow-up contacts after remote index contacts than after
in-person index contacts compared with private telemedicine
providers. As the composition of the index contacts with
traditional providers during the pandemic shifted toward a larger
share of remote contacts, part of the increase in the total number
of follow-up contacts is therefore probably due to traditional
providers’habit of offering more follow-up contacts after remote
index contacts. Furthermore, most patients with chronic diseases
(eg, heart failure or chronic obstructive pulmonary disease)
were assessed remotely during the spring of 2020 but needed
increased attention in case of simultaneous symptoms for RTIs.
Providers may also have been more generous with offering
follow-up contacts due to the uncertainty surrounding diagnoses
during the pandemic spring, before testing for SARS-CoV-2
was widely available. During the same period, elderly were
generally more cautious in booking in-person contacts and
preferred to contact their physician remotely if possible.

The difference in the number of follow-up contacts per index
contact between 2020 and the previous years shown in Table 5
cannot be interpreted as only being due to the changes in
utilization patterns induced by COVID-19. There may have also
been an ongoing secular time trend in utilization. For example,
there was a larger number of follow-up contacts per index
contact in January-February 2020 (ie, before the pandemic) than
in the corresponding months of previous years. However, an
analysis that accounts for the influence of such secular trends
yields similar results (Multimedia Appendix 2). The exception
is that a substantial share of the increase in the number of
follow-up contacts per private telemedicine index contact is
likely due to such trends.

Whether the increase in follow-up contacts during the first wave
of pandemic is a concern for future policy depends on the
reasons behind this increase. If this reflects a change in the type
of managed complaints or the severity of the cases due to the
pandemic, the pattern is likely only relevant for a pandemic
state. By contrast, if the trend primarily reflects a change in
practice—among providers and patients—when it comes to
adopting a digital/remote-first approach, the change may have
lasting impacts also after the pandemic. While the increase in
consultations with private telemedicine providers is demand
driven, the increase in the number of remote contacts within
traditional providers likely reflects a change in practice among
providers (rather than among patients). The larger number of
follow-up contacts for remote index contacts could possibly
indicate that management of RTIs might be challenging using
a remote contact for the initial symptom assessment, leading to
more follow-up contacts to ensure patient safety.
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Limitations
The rich and detailed administrative data are one of the main
strengths of the study. Using different register sources, we
managed to collect information from all telemedicine providers
available during the period studied. The study design, including
data for all inhabitants in Skåne representing all
sociodemographic and geographic varieties, indicates a high
generalizability of the results.

There are also limitations of these data. We have no available
data on symptom severity that can confirm or dismiss the
hypothesis that the severity of symptoms managed by different
providers may differ. There is variation in the number of
registered diagnoses between data sources, providers, and types
of contacts (see Multimedia Appendix 2 for more detailed
information). For example, there is no information on registered
diagnoses for 2 minor private telemedicine providers before
June 2019. The main issue is, however, that traditional providers
are less prone to register diagnoses during a remote contact.

Missing information on diagnoses implies that there is a risk
that a contact is erroneously classified as an index contact
because an actual RTI episode during the wash-out period has
not been registered as such. It may also lead to an underreporting
of actual index contacts if there is no registered diagnosis at all
during an episode. Diagnosis registration is an administrative
task that physicians may fail to perform consistently for
follow-up contacts, mainly due to lack of time but also because
the diagnosis is already documented in the electronic medical
journal after the initial contact. We estimate these possible
registration bias as a minor risk, due to administrative demands
in the study region. Specifically, care givers in the region have
financial incentives to register diagnoses, as the case-mix
adjustment formula used in the regional reimbursement model
relies on diagnoses registered in the electronic medical journal.
Simply put, every unique diagnosis registered for a patient
increases the expected reimbursement.

Because of the risk that physicians may fail to consistently
register diagnoses for follow-up contacts, we included all
follow-up contacts regardless of diagnosis. This means that
some of the follow-up contacts may not have had any association
with the index contact. However, as the same approach was
used for all years and types of contact, the effects on the
comparisons are likely small.

Comparison With Prior Work
Prior to the SARS-CoV-2 pandemic, telemedicine was
implemented at a low pace by traditional providers, both in
Sweden and internationally [4,19]. During the pandemic
outbreak, a framework for telemedicine was defined and updated
[14] and stakeholders were encouraged to implement and
integrate it within the national health care systems [20]. It has
also been argued that the fast implementation of telemedicine

might be one of the most positive effects of the pandemic [21],
given that it succeeds in substituting for routine care or
complementing in-person care [22]. Telemedicine undoubtedly
plays an important role in outbreak containment, as most patients
with mild RTIs can be managed remotely [14]. However, despite
obvious advantages with remote care for RTIs (such as time
saving, lack of travel costs, or lower risk for viral spread), it is
also possible that larger accessibility to remote care may lead
to patients pushing for unnecessary follow-up contacts or for
assessment of uncomplicated medical complaints that usually
do not require a physician contact. The private telemedicine
providers may be more responsive to such demands from
patients, as they are reimbursed per visit. However, most of the
increased remote contacts in this study were delivered by
traditional care providers, whose reimbursement does not depend
on the number of visits. This suggests that the patterns are
unlikely to reflect increases of unnecessary care. However, it
might still be the case that increased accessibility (by phone or
chats) leads to increased pressure on the nurses handling requests
from patients. A recent study in a British setting showed that
the “telephone-first approach” resulted in more phone calls,
fewer physical consultations, and on average, more time spent
consulting [23] and found no evidence that this type of care is
cost saving.

The number of hospitalizations for RTI-relevant diagnoses was
higher in 2020 compared with previous years, but when
excluding diagnoses directly related to COVID-19, the number
of hospitalizations was substantially lower in 2020. Previous
studies have shown that the number of hospitalizations for acute
cardiovascular conditions [24] or stroke [25] decreased during
the pandemic, possibly due to an altered pattern of emergency
care seeking in the population or lockdown rules. These
mechanisms are possibly relevant also for the patterns in our
study region, although it may also relate to decreased spread of
RTIs following social distancing policies.

Conclusions
Compared with 2018 and 2019, there were fewer index
consultations for RTIs but more follow-up contacts, both per
1000 inhabitants and per index contact, in 2020. The share of
both index and follow-up contacts that were conducted remotely
increased, in particular for contacts with traditional care
providers. The share of contacts supplied by private telemedicine
providers only increased temporarily. Hence, it seems that the
COVID-19 pandemic contributed to an increased number of
remote physician contacts and follow-up contacts for RTIs. This
could indicate that patients with RTI needed to be reassessed
more often when the physician did not have the possibility to
examine the patient in-person. Further studies are needed to
study the reasons behind the increase in remote contacts, and
if it will last after the pandemic, and more clinical guidelines
for remote assessments of RTI are warranted.
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Abstract

Background: Voice assistants (VAs) are devices that respond to human voices and can be commanded to do a variety of tasks.
Nowadays, VAs are being used to obtain health information, which has become a critical point of analysis for researchers in
terms of question understanding and quality of response. Particularly, the COVID-19 pandemic has and still is severely affecting
people worldwide, which demands studies on how VAs can be used as a tool to provide useful information.

Objective: This work aimed to perform a quality analysis of different VAs’ responses regarding the actual and important subject
of COVID-19 vaccines. We focused on this important subject since vaccines are now available and society has urged for the
population to be rapidly immunized.

Methods: The proposed study was based on questions that were collected from the official World Health Organization website.
These questions were submitted to the 5 dominant VAs (Alexa, Bixby, Cortana, Google Assistant, and Siri), and responses were
evaluated according to a rubric based on the literature. We focused this study on the Portuguese language as an additional
contribution, since previous works are mainly focused on the English language, and we believe that VAs cannot be optimized to
foreign languages.

Results: Results showed that Google Assistant has a better overall performance, and only this VA and Samsung Bixby achieved
high scores on question understanding in the Portuguese language. Regarding the obtained answers, the study also showed the
best Google Assistant overall performance.

Conclusions: Under the urgent context of COVID-19 vaccination, this work can help to understand how VAs must be improved
to be more useful to the society and how careful people must be when considering VAs as a source of health information. VAs
have been demonstrated to perform well regarding comprehension and user-friendliness. However, this work has found that they
must be better integrated to their information sources to be useful as health information tools.

(JMIR Hum Factors 2022;9(1):e34674)   doi:10.2196/34674
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Introduction

Background
Voice assistants (VAs) are devices that respond to human voices
and can be commanded to do a variety of tasks, such as be an
interface for information, home, or media control and manage
agendas, to-dos, and mail [1]. Google Assistant and Bixby are
examples of VAs being integrated into cell phones, laptops, and
other devices, creating a large network of people who frequently
utilize VAs to obtain information on a range of topics [2]. In
2020, 27% of all web searches used Google Assistant [3], with
an estimated US $3.5 billion in spending in the United States
by 2021 [4].

Some studies in the literature have started to assess VA usability
as a research focus. For instance, López et al [5] and Berdasco
et al [6] presented comparative usability tests of the most
popular VAs (Alexa, Cortana, Google Assistant, and Siri). They
show there is room for improvement, even when VAs are used
for common services such as music, agenda, and news, since it
is not rare to obtain wrong answers.

Given the expanding capabilities of VAs, many people have
started to use these devices to obtain health information, which
has become a critical point of analysis for researchers in terms
of question understanding and quality of response.

Recent research started to address the quality of VAs regarding
health questions. Kocaballi et al [7] presented VA results when
responding to general purpose health and lifestyle prompts, and
they concluded that around 40% of the responses are
appropriate. Yang et al [8] studied VA responses to specific
postpartum depression questions in terms of accuracy, verbal
response, and clinically appropriate advice given. All 4
evaluated VAs performed well in accurately recognizing the
query, but no VA achieved even a 30% threshold for providing
clinically appropriate information.

Recently, the COVID-19 pandemic has and still is severely
affecting people worldwide. Particularly related to COVID-19
pandemics, some studies have shown that people commonly
acquire online information from both news or even social
networks, and how this information impacts on people lives is
a concern [9]. Regarding VAs, Sezgin et al [10] studied the
readiness of such devices to support health crises like the
COVID-19 pandemic, and they argued that VA systems are
disconnected from official health entities. Goh et al [11]
presented a general VA study regarding questions in 6
categories: general information, prevention, transmission,
screening, diagnosis, and treatment. They collected questions
from official and government websites such as the World Health
Organization (WHO) and the US Centers for Disease Control
and Prevention (CDC).

Due to the early stage of research regarding COVID-19 VA
response, they did not consider specific questions about vaccines
or vaccination process. However, some work pointed to the
importance of this particular subject. Alagha and Helbing [12]
evaluated the quality of VAs’ responses to consumer health
questions about vaccines, such as side effects, risks, or diseases
covered by the official immunization program. They collected

common questions about vaccines from the US CDC FAQ pages
and organic web search queries. Ferrand et al [2] studied the
quality of responses from VAs regarding papillomavirus
vaccination, showing that only over one-half of the responses
were accurate. Specifically, these studies about vaccination
showed the importance of analyzing how precise and useful
obtained responses are, since they are far from appropriate
(accuracy below 50%). Besides, such studies can warn people
on how careful they must be with obtained responses.

Our work contributes by extending the VA analysis to the
specific vaccine subject regarding the COVID-19 pandemic.
All the referred work showed the quality of VAs’ responses to
queries and information found in English. However, we expect
that all these tools and internal models are not optimized to
foreign languages. Thus, we also contribute by performing this
study in Portuguese, the language spoken in Brazil, a country
severely affected by the COVID-19 pandemic, and the official
language of several countries, with approximately 290 million
speakers worldwide [13].

Goals
Given this scenario, this work aimed to perform a quality
analysis of different VAs’ responses regarding the actual and
important subject of COVID-19 vaccines, which, to the best of
our knowledge, was not properly covered by any found
references. We focused on this important subject since vaccines
are now available and society has urged for the population to
be rapidly immunized.

The proposed study was based on questions that were collected
from the official WHO website [14]. These questions were
submitted to the 5 dominant VAs (Alexa, Bixby, Cortana,
Google Assistant, and Siri), and responses were evaluated
according to a rubric based on the literature [11,12]. We focused
this study on the Portuguese language as an additional
contribution, since previous works were mainly focused on the
English language [6,12] and we believe that VAs cannot be
easily adapted to foreign languages.

Methods

Evaluated VAs
The evaluated VAs were Alexa (Amazon), Bixby (Samsung),
Cortana (Microsoft), Google Assistant, and Siri (Apple). Alexa
was accessed via Echo Dot. Bixby and Google Assistant were
accessed via a Samsung Galaxy S10. Cortana was accessed via
a Windows laptop. Finally, Siri was accessed on an iPhone 12.
These 5 VAs were chosen based on 2 aspects: They are the most
popular VAs in the market, and they also were used in prior
work as evaluated devices [5,6].

Evaluation
Two evaluators (RG, 23 years old, female; TM, 45 years old,
male), both native Brazilian Portuguese speakers who graduated
in fields related to computer sciences, assessed the VAs using
the same devices with a search history reset before and after
each use. All devices’ languages were set to Brazilian
Portuguese, and the location function was switched off. For
each chosen question, the evaluator scored the VA’s response
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based on the evaluation rubric described as follows. If more
than one weblink was provided by the VA, only the first one
was considered because the first answer is ranked as more
important by the VA. For each evaluator, an overall score was
calculated from every response score, and the score was
converted to a percentage of total possible points. Also, the
mean percentage across all the questions was taken as that
evaluator’s score for the VA. This procedure was repeated for
all VAs.

Questions on COVID-19
In order to effectively assess VAs’ responses for accuracy, we
compiled a set of commonly asked COVID-19 vaccine questions
from the WHO [14] website. We chose to focus on the questions
surrounding the COVID-19 vaccine due to previously identified
issues of accuracy and misinformation around this topic. A total
of 15 English questions were collected (accessed on July 7,
2021) and manually translated to Brazilian Portuguese. The
questions in English and their translations to Brazilian
Portuguese are listed in Table 1.

Table 1. Set of questions about COVID-19 vaccines used in our study.

QuestionQuestion number

Is there a vaccine for COVID-19? (Existe vacina contra a COVID-19?)1

When will COVID-19 vaccines be ready for distribution? (Quando as vacinas contra a COVID-19 estarão prontas para dis-
tribuição?)

2

Will COVID-19 vaccines provide long-term protection? (As vacinas contra a COVID-19 irão proteger por quanto tempo?)3

How quickly could COVID-19 vaccines stop the pandemic? (Com que rapidez as vacinas contra a COVID-19 poderiam inter-
romper a pandemia?)

4

What types of COVID-19 vaccines are being developed? (Que tipos de vacinas contra a COVID-19 estão sendo desenvolvidos?)5

Will other vaccines help to protect me from COVID-19? (Outras vacinas ajudarão a me proteger da COVID-19?)6

What are the benefits of getting vaccinated? (Quais são os benefícios de ser vacinado?)7

Who should get the COVID-19 vaccines? (Quem deveria tomar as vacinas contra a COVID-19?)8

Can we stop taking precautions after being vaccinated? (Nós podemos parar de tomar precauções depois de sermos vacinados?)9

Can I have the second dose with a different vaccine than the first dose? (Eu posso receber a segunda dose com uma vacina
diferente da primeira dose?)

10

Can the COVID-19 vaccine cause a positive test result for the disease, such as for a PCRa or antigen test? (A vacina contra a
COVID-19 pode causar um resultado de teste positivo para a doença, como para um PCR ou teste de antígeno?)

11

Should I be vaccinated if I have had COVID-19? (Eu deveria ser vacinado se eu tive COVID-19?)12

Is the vaccine safe for children? (A vacina é segura para crianças?)13

Do the vaccines protect against variants? (As vacinas protegem contra variantes?)14

How will we know if COVID-19 vaccines are safe? (Como saberemos se as vacinas COVID-19 são seguras?)15

aPCR: polymerase chain reaction.

Evaluation Rubric
The rubric used in our study was adapted from recent studies
on VAs in health care [11,12]. The rubric evaluated 5
parameters: accuracy, comprehension, relevance, reliability,
and user-friendliness.

Accuracy was assessed by comparing the VAs’ response against
our list of compiled answers. We considered the following
question: “Does the provided VA response accurately match
those in the answer sheet?” Responses that were totally incorrect
were awarded 0 points, while partially or fully correct responses
were awarded 1 and 2 points, respectively.

Comprehension was evaluated through the VAs’ ability to
recognize a question and provide a response. We considered 2
questions for the evaluators. The first question was: “How many
times do you need to try before the VA recognizes the
question?” If the VA was unable to provide a response after 3
attempts, the evaluation would end with 0 points. A successful
response was further evaluated through the following criteria:

3 points for 1 time; 2 points for 2 times; 1 point for 3 times. The
second question was: “How many words are missing or
transcribed wrongly?” We adopted the following score
distribution: 2 points for 0 missed words; 1 point for 1 or 2
missed words; 0 points for more than 2 missed words.

Relevance was evaluated based on how well the VAs’ responses
addressed the question. We considered 2 questions for the
evaluators. The first question was: “Was the VA able to find an
answer?” If the VA was unable to find a response, the evaluation
would end with 0 points. A successful response was awarded
1 point. The second question was: “Is the VA response provided
relevant to what is being asked?” We adopted the following
scoring criteria for this question: 2 points for responses that
were directly relevant; 1 point for responses that did not answer
the question directly but that included information on the same
topic; 0 points for answers that were not relevant at all.

Reliability was evaluated based on various perspectives such
as freshness and credibility. We considered 4 questions. The
first question was: “Is the provided VA response up to date
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when compared with the official answer?” It was assessed
according to 3 grading categories: 2 points when the response
was more recent than when the experiments were carried out
(April 21, 2021); 1 point when the response was not more recent
than that date; 0 points when the date was not stated or uncertain.
In the last criterion, we chose to penalize VAs without this
important data information by considering a flaw regarding
reliability. Multimedia Appendix 1 also shows that only 6 of
150 received 0 points. The second question was: “How credible
are the reference citations?” It was assessed according to 4
grading categories: 3 points when the response came from a
reputable site of a recognized authority; 2 points when the
response came from a site with some expertise; 1 point when
the response came from a site that is not primarily known for
providing factual health information; 0 points when no one site
was stated. The third question was: “Are there reference citations
in the provided VA response?” Responses with reference
citations were awarded 1 point, while responses without citations
were awarded 0 points. Finally, the fourth question was: “Are
there any advertisements in the VA-provided response?”

Responses with no advertising were awarded 1 point, while
responses with any kind of advertising received 0 points.

User-friendliness was evaluated based on the easy understanding
of the response by a native Portuguese speaker of Brazil. We
considered 3 questions for the evaluators. The first question
was: “Was the response presented in Portuguese?” If the VA
was not in the Portuguese language, then the evaluation would
end with 0 points. A successful response in Brazilian Portuguese
received 2 points, and a response in the Portuguese language
from other countries received 1 point. The second question was:
“Was the response presented by both text and voice?” It was
assessed according to 4 grading categories: 2 points when the
response was by voice and text; 1 point when the response was
only by voice; 1 point when the response was only by text; 0
points if none. Finally, the third question was: “Is the content
in the VA response provided in a way that it can be easily
understood by a lay person?” Responses whose content was
easily understood were awarded 1 point, while responses that
were difficult to understand received 0 points. The summary of
our proposed rubric is shown in Table 2.

Table 2. Evaluation rubric.

ScoresParameters and questions

Accuracy

2 points: all correct; 1 point: partially correct; 0 points: not at allDoes the provided VAa response accurately match those in the answer
sheet?

Comprehension

3 points: 1 time; 2 points: 2 times; 1 point: 3 times; 0 points: more than
3 times

How many times do you need to try before the VA recognizes the ques-
tion?

2 points: 0 words; 1 point: 1 or 2 words; 0 points: more than 2 wordsHow many words are missing or transcribed wrongly?

Relevance

1 point: yes; 0 points: no (stop the evaluation)Was the VA able to find an answer?

2 points: directly relevant; 1 point: indirectly relevant; 0 points: not
relevant at all

Is the provided VA response relevant to what is being asked?

Reliability

2 points: yes; 1 point: no; 0 points: not stated or uncertainIs the provided VA response updated when compared against the official
answer?

1 point: yes; 0 points: noAre there reference citations in the provided VA response?

3 points: recognized authorities; 2 points: some expertise; 1 point:-
sites are not primarily known; 0 points: site not stated

How credible are the reference citations?

1 point: no; 0 points: yesAre there any advertisements in the provided VA response?

User-friendliness

2 points: yes (Brazilian); 1 point: yes (not Brazilian); 0 points: noWas the response presented in Portuguese?

2 points: voice and text; 1 point: only voice; 1 point: only text; 0 points:
none

Was the response presented by both text and voice?

1 point: yes; 0 points: noIs the content in the VA response provided in a way that it can be easily
understood by a lay person?

aVA: voice assistant.
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Results

Summary Statistics
The authors combined the score from the evaluators (RG and
TM) to calculate the overall mean score for each VA. For each
question (Table 1), the score can range from 0, which indicates
that the VA did not understand the question or did not provide
an answer, to 22, which represents that the VA answered the
question according to the official answer (Table 2). Therefore,
each VA can achieve a maximum score of 330 points (15 x 22).

To study and compare the interrater reliability and agreement
of the evaluators’ responses, we calculated the Krippendorff
alpha [15] values. While indices exist to measure interobserver
reliability, such as Cohen kappa or Fleiss kappa, the

Krippendorff alpha serves as a generalization of a number of
reliability indices and is, for this reason, considered the most
reliable [16]. Krippendorff alpha also allows any measurement
level (nominal and interval) and any number of categories, scale
values, or measures. Alpha values close to 1 denote increased
reliability, while values nearing 0 mean less reliable measures.
It is important to note that the evaluation rubric is based on
objective responses, so some divergence on obtained results is
very related to differences on the VA’s understanding capacity
and not in the evaluators’ interpretations of responses.
Krippendorff alpha values indicate that only Bixby and Google
Assistant had moderate to excellent agreement among evaluators
(0.6 or better). This result indicates that Alexa, Cortana, and
Siri have different responses depending on the type of male or
female voice. Table 3 shows additional analyses.

Table 3. Summary performance statistics for each voice assistant (VA).

SiriGoogle AssistantCortanaBixbyAlexaStatistics

203280170192157Overall score

0.490.740.480.960.55Krippendorff alpha values

3569579637VA provided the same response to both authors, (%)

67976010060VA understood question and provided answer, (%)

Accuracy
Accuracy was evaluated by comparing the VAs’ responses with
our list of official answers. Google Assistant achieved the
highest score (76.7%), followed by Siri (26.7%), Alexa and
Bixby both with 23.3%, and Cortana (6.7%).

Comprehension
Comprehension was evaluated by the VAs’ ability to recognize
the question and provide a response. First, we evaluated the
number of times the evaluators needed to repeat the question
so that the VA could recognize the question. Bixby was the only
VA that was able to recognize every question without having
to repeat the question. Bixby was followed by Cortana (93.3%),
Google Assistant (91.1%), Siri (80%), and Alexa (66.7%).
Second, we checked how many words were missing or were
transcribed wrongly by VAs. Bixby and Google Assistant

achieved the highest score (96.7%), followed by Alexa (93.3%)
and Cortana and Siri (86.7% for both).

Relevance
Relevance was evaluated based on how well the VAs’ responses
addressed the question. In terms of relevance, Bixby and Google
Assistant were able to find an answer for all questions, while
Alexa and Cortana were able to find an answer to only 60% of
the questions. Siri had the lowest rate of finding answers to the
questions (33%). Google Assistant was the VA that provided
the most relevant answers to what was being asked (80%).
Interestingly, although Bixby was always able to find an answer
to the questions, only 20% of the answers found were considered
relevant. Cortana had the lowest proportion of successful
responses (33.3%) and often responded with “Sorry, I don’t
know this answer” (“Desculpe, não sei essa resposta”). Figure
1 shows a summary of the scores on the relevance of the VAs’
responses.

Figure 1. Relevance evaluation.
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Reliability
Reliability was evaluated based on various perspectives such
as freshness, credibility, and bias. In terms of freshness, Google
Assistant achieved the highest score (63.3%), followed by
Cortana (16.7%), Siri (10%), and Bixby (6%). Alexa did not
present the dates of her responses and, consequently, obtained
a score equal to 0 in this criterion. In terms of credibility, Google
Assistant also achieved the highest score (73.3%), followed by
Siri (64.4%), Bixby (17.8%), Alexa (11.1%), and Cortana
(6.7%). We evaluated bias by the absence of commercial interest
in the response presented by VAs (ie, we assessed the presence
or absence of commercial advertisements in the response). In
our analysis, no VA presented advertisements in their responses.

User-friendliness
User-friendliness was evaluated based on the easy understanding
of the response by a native Portuguese speaker from Brazil.
First, we evaluated whether the responses provided by the VAs
were in Portuguese. Bixby, Cortana, and Google Assistant
answered all questions in Brazilian Portuguese and achieved
100% on this criterion. Only Alexa (93.3%) and Siri (86.7%)
failed to provide some responses and, therefore, could not be
evaluated for some questions. We noted that both had difficulty
answering longer questions, such as Question 11 in Table 1.

Second, we evaluated whether the VAs’ responses were
presented using voice and text. Bixby was the only that that
used text and voice in all of the responses. Bixby was followed
by Google Assistant (83.3%), Cortana and Siri (both 80%), and
Alexa (60%). Finally, we evaluated whether the response could
be easily understood by a lay person. Google Assistant achieved
the highest score (93.3%), followed by Siri (80%), Alexa and
Cortana (60%), and Bixby (26.7%).

Discussion

Summary
Figure 2 (see Multimedia Appendix 2 for the content of all
responses) presents a summary of the evaluation scores for each
VA. All the VAs presented with good performance in terms of
comprehension and user-friendliness. This result indicates the
concern of technology companies in interacting with users,
particularly Brazilian Portuguese speakers. Regarding the other
parameters evaluated in this study, Google Assistant performed
the best among all the VAs. Relevance, reliability, and accuracy
parameters are highly dependent on the responses available on
the web. We understand that, for this reason, Google Assistant
has an advantage over other VAs because it uses Google itself
as a search engine.

Figure 2. Evaluation scores of the voice assistants (VAs) for each criterion.

Conclusions
This work evaluated the responses on vaccination against
COVID-19 in Portuguese provided by 5 popular VAs. Under
the urgent context of COVID-19 vaccination, this work can
help to understand how VAs must be improved to be more
useful to society and how careful people must be when
considering VAs as a source of health information.

All the VAs performed well in terms of comprehension and
user-friendliness, with scores above 75%, suggesting that these
devices are well adapted for the Brazilian Portuguese language.
These criteria were led by Google Assistant and Samsung Bixby.
However, in terms of relevance, reliability, and accuracy, only

Google Assistant achieved satisfactory results (scores above
75%). The other VAs achieved grades below 50%, suggesting
that VAs seem to be good enough in terms of embedded
technology, but they do need to better connect to relevant
content to be useful to health applications.

As future work, we plan to investigate whether questions
submitted in English would present results superior to the results
achieved with questions submitted in Portuguese. Also, we plan
to extend our study to consider other relevant questions about
the pandemic crisis. Finally, we want to compare the accuracy
of VAs to health questions when specific custom applications
are developed, such as Bixby capsules or Alexa skills.
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Abstract

Background: Motivation is a core component of diabetes self-management because it allows adults with diabetes mellitus (DM)
to adhere to clinical recommendations. In this context, virtual coaches (VCs) have assumed a central role in supporting and
treating common barriers related to adherence. However, most of them are mainly focused on medical and physical purposes,
such as the monitoring of blood glucose levels or following a healthy diet.

Objective: This proof-of-concept study aims to evaluate the preliminary efficacy of a VC intervention for psychosocial support
before and after the intervention and at follow-up. The intent of this VC is to motivate adults with type 1 DM and type 2 DM to
adopt and cultivate healthy coping strategies to reduce symptoms of depression, anxiety, perceived stress, and diabetes-related
emotional distress, while also improving their well-being.

Methods: A total of 13 Italian adults with DM (18-51 years) interacted with a VC, called Motibot (motivational bot) using the
Telegram messaging app. The interaction covered 12 sessions, each lasting 10 to 20 minutes, during which the user could dialogue
with the VC by inputting text or tapping an option on their smartphone screen. Motibot is developed within the transtheoretical
model of change to deliver the most appropriate psychoeducational intervention based on the user’s motivation to change.

Results: Results showed that over the 12 sessions, there were no significant changes before and after the intervention and at
follow-up regarding psychosocial factors. However, most users showed a downward trend over the 3 time periods in depression
and anxiety symptoms, thereby presenting good psychological well-being and no diabetes-related emotional distress. In addition,
users felt motivated, involved, encouraged, emotionally understood, and stimulated by Motibot during the interaction. Indeed,
the analyses of semistructured interviews, using a text mining approach, showed that most users reported a perceived reduction
in anxiety, depression, and/or stress symptoms. Moreover, users indicated the usefulness of Motibot in supporting and motivating
them to find a mindful moment for themselves and to reflect on their own emotions.

Conclusions: Motibot was well accepted by users, particularly because of the inclusion of mindfulness practices, which motivated
them to adopt healthy coping skills. To this extent, Motibot provided psychosocial support for adults with DM, particularly for
those with mild and moderate symptoms, whereas those with severe symptoms may benefit more from face-to-face psychotherapy.

(JMIR Hum Factors 2022;9(1):e32211)   doi:10.2196/32211
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Introduction

Background
Physical, medical, and psychosocial factors significantly
contribute to adherence rates to the clinical recommendations
in adults with diabetes mellitus (DM) by promoting or hindering
optimal diabetes self-management. Appropriate diabetes
self-management is central to long-term diabetes care, and it
includes several healthy behaviors, such as monitoring of
glycemic levels, physical exercise, healthy eating, taking
prescribed medication and/or insulin injections, which in turn
have an impact on the general well-being of people with DM.
However, these healthy behaviors are difficult to maintain.
Indeed, studies have shown that high levels of
diabetes-emotional distress are associated with a worsening of
self-care behaviors as well as glycemic levels [1].
Diabetes-emotional distress is also a risk factor for stress,
anxiety, and depression symptoms. Indeed, the prevalence rates
of depression are much higher in people with DM than in the
general population, in which they are estimated to be 17% [1].
With regard to anxiety symptoms, studies have found that 14%
of adults with DM show generalized anxiety disorder, a
prevalence much higher than the 3% to 4% rate identified in a
community sample [2-4]. Anxiety is related to unhealthy
lifestyle choices, such as augmented smoking prevalence,
assumption of food high in cholesterol, and a sedentary lifestyle,
which can all lead to poor disease management [5]. In addition,
higher levels of anxiety hinder cognitive capacity, which in turn
influences diabetes management and thus the ability to fully
follow clinical recommendations [1,5]. Similarly, feeling
stressed determines the release of stress hormones, such as
cortisol and adrenaline, which prevent insulin from working
properly (ie, insulin resistance) and thus increases glycemic
levels [6]. Depression, anxiety, and stress are associated with
the risk of developing cardiovascular diseases, and the presence
of DM further increases this risk [1,5,6]. All together, these
factors provoke lower adherence rates and impairment in the
well-being of people with DM, leading to poor disease outcomes
[7]. Therefore, one can assume the presence of a complex
interplay between psychosocial factors and diabetes
management, meaning that they influence one another. Thus,
the American Association of Diabetes Educators (AADE)
guidelines introduced a healthy coping construct to identify
healthy coping strategies to reduce these symptoms and improve
the general well-being of adults with DM [8]. In particular,
AADE suggests strategies to cope with life stresses and the
challenges of managing DM, such as meditating [8]. Indeed,
several studies have demonstrated the efficacy of mindfulness
practices in emphasizing self-acceptance in the general
population [9] and treating depressive symptoms in people with
DM [10,11]. In this context, motivation is a core component in
adherence to the diabetes regimen as it is specifically
conceptualized for its process rather than for a specific goal
[12]. Indeed, the transtheoretical model of change (TTMC) [13]
defines motivation as a continuum rather than as an
all-or-nothing construct, in which the individual can move across
5 stages (ie, precontemplation, contemplation, preparation,
action, and maintenance), thus moving forward or backward.

In this regard, digital health technologies play a central role in
promoting health care, especially in chronic diseases. For
instance, TTMC has been widely used in digital solutions to
predict or evaluate behavioral changes in physical activity [14],
diet [15], and glycemic control [16] and to ameliorate adherence
to medications in adults with risk factors for the onset of
cardiovascular diseases [17,18].

Virtual Coaches: User Engagement and User
Experience
The increasing rates of diabetes worldwide are a problem for
the diabetologists treating diabetes, who already, as things stand,
do not have enough time to assist every patient with physical,
medical, and psychosocial issues. In this regard, virtual coaches
(VCs) have become an increasingly relevant resource for the
management of chronic diseases and for promoting behavioral
changes in the self-management of individuals. Indeed, they
aim to provide personalized guidance and improve intervention
outcomes by mimicking human beings [19]. Indeed, VC in the
health care field is mainly aimed at developing personalized
user-system interactions and supporting individuals in their
behavioral changes [20,21]. This is important for improving
user engagement (UE) and compliance, both of which are crucial
for achieving long-term behavioral changes and adjustment
toward a healthier lifestyle [22]. UE is a multifaceted construct
that refers to the quality of the user experience (UX), including
the individual’s time, cognitive, affective, and behavioral
investment during the interaction with a digital solution [23].
The UE construct goes beyond user satisfaction: indeed, the
literature suggests that the capacity to engage and maintain
engagement in the interaction with a digital solution seems to
show positive results in eHealth, e-learning, and web searching
[23]. Indeed, prolonged engagement has been shown to be
promising in a diabetes prevention program with the use of VC
[24], engaging 69% of adults for the whole study and resulting
in 8.98% weight loss [24]. In addition, in 2 other recent studies,
adults with type 2 DM (T2DM) [25] and young adults with type
1 DM (T1DM) [26] reported feeling engaged and satisfied with
a VC embedded in an application. In other studies, people with
DM reported an increased level of satisfaction with the
interaction with the VC [27,28]. Indeed, VCs for people with
DM seem to favor self-care behaviors and behavioral changes
as well as support them at follow-up. For instance, a recent
review reported that VCs for people with DM represent effective
interventions for fostering their glycemic control, in combination
with standard care [29]. Therefore, VCs seem to be capable of
overcoming common barriers related to adherence by delivering
data-driven personalized support in real time and being available
at any time during the day [30], thus allowing scalability. In
this regard, UX is a crucial element that intersects the UE.
Taking into consideration the definition proposed by the
International Organization for Standardization [31], UX includes
users’ engagement, pleasure, desirability, values, emotions,
beliefs, preferences, perceptions, physical and psychological
responses, behaviors, and accomplishments, which occur before,
during, and after the use of a digital solution. The International
Organization for Standardization also lists 3 factors that
influence UX: the user’s current state and previous experience,
system properties, and use context [31]. Therefore,
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understanding users’ needs, their working environments,
interactions, and emotional reactions can help design VCs from
the UX point of view [31]. Thus, the user becomes an active
contributor to this process [31]. Studies have shown that higher
levels of UX have been associated with an increased
effectiveness of digital health interventions targeting
improvements in T2DM self-management [25], physical activity
[32], and diet [33]. However, there is a lack of evidence
regarding UE and UX as constructs that interplay in the
development, evaluation, and implementation of VCs for
psychosocial support of adults with DM.

Comparison With Previous Work
To our knowledge, this is the first study to implement VC for
psychosocial support in adults with T1DM and T2DM.
Notwithstanding the originality of this work, in previous studies,
VCs have been deployed to improve healthy coping strategies
in college students, showing their beneficial effect in reducing
symptoms of distress [34,35]. With regard to the development
of VCs in the field of diabetes, studies have designed a
conversational agent [36] and an interactive diary [37,38]. These
digital interventions were both embedded in a smartphone app
to improve health-related quality of life among adults with
T2DM [35] and T1DM [37,38]. Health-related quality of life
is an important and well-known construct that underlies the
concept of general well-being. However, it should also be noted
that anxiety, depression, and stress symptoms interplay with
diabetes management. This means that these outcomes can
hinder an individual’s ability to manage diabetes and maintain
effective glycemic control. Hence, it is important to include
these variables when developing programs and interventions
for adults with DM.

Objectives
Bearing all these aspects in mind, this VC (Motivational
bot—Motibot) aims to support and motivate adults with T1DM
and T2DM to adopt healthy coping strategies. In turn, these
healthy coping strategies should reduce depression, anxiety,
perceived stress symptoms, and diabetes-related emotional
distress and improve well-being. Therefore, the aim of this
proof-of-concept study was threefold:

1. To evaluate the preliminary efficacy of the VC intervention
before and after the intervention and at follow-up in
reducing the abovementioned psychosocial symptoms while
also improving the well-being of adults.

2. To investigate UX and UE with the VC for psychosocial
support accessed through personal smartphones within the
Telegram messaging app.

3. To evaluate semistructured interviews on both UX and how
users felt during their interaction with the VC.

Methods

Participants and Recruitment
The study involved 18 voluntary adults with T1DM and T2DM
recruited in Italy via social network sites (ie, Facebook groups)
using snowball sampling. Five adults dropped out of the study
for personal and medical reasons. Therefore, the final sample
included 13 adults aged between 18 and 51 years (mean 30.08,

SD 10.61 years), 77% (10/13) of which were women; 62%
(8/13) of adults had T1DM and 39% (5/13) had T2DM, with
an overall mean diabetes duration of 10 (SD 8.49) years. One
participant did not complete the psychological measures after
the intervention and was therefore excluded from the analyses
of the psychosocial variables. The inclusion criteria for
participating in this study were as follows: (1) having T1DM
or T2DM and (2) owning a smartphone and a Telegram account.
The decision to include both types of DM was guided by the
notion that there are similarities between the lifestyle guidelines
for adults with T1DM and T2DM, as emerged from the results
of a recent meta-analysis [39]. Participants were excluded if
they had gestational diabetes or prediabetes.

Procedure and Ethics
This work is a proof-of-concept study for adults with T1DM
and T2DM, conducted following the Obesity-Related Behavioral
Intervention Trials (ORBIT) framework [40]. The ORBIT model
supported guidance throughout the whole process as it
emphasizes the importance of adopting a data-driven iterative
approach to optimize subsequent iterations of the intervention
[40]. In particular, this model places the user at the center of
the design process. The study was conducted in compliance
with the Declaration of Helsinki (Italian law 196/2003, European
Union General Data Protection Regulation 679/2016). The
Interdepartmental Ethical Committee of Psychology of the
University of Padova (Italy) approved the project (approval
number: 3968; February 3, 2021), stating that there were no
critical ethical issues. The participants signed a written informed
consent sent via mail, agreeing to participate in the study and
semistructured interviews 1 month after the end of the study.
They were informed that their data would be confidential, that
they could omit any information they did not wish to give, and
that they could withdraw from the study at any moment without
having to provide any explanation.

Intervention Description: Motibot Design
Motibot (Figure 1) is a VC designed to provide psychosocial
support by motivating adults with DM to adopt and cultivate
healthy coping strategies, which, according to the AADE
guidelines, should be flexible and adaptable to the users’ needs
[8]. These coping strategies, in turn, should foster adults’
well-being by reducing depression, anxiety, and perceived stress
symptoms and diabetes-related emotional distress. Motibot was
developed by the Digital Health Lab at Fondazione Bruno
Kessler Research Center for Digital Health and Wellbeing using
Rasa [41], an open-source platform designed for the
development and training of VCs. It was then deployed through
the Telegram messaging app. The environment provided by
Rasa exploits machine learning (ML) libraries and pretrained
embeddings from language models, thus allowing the
construction of a VC for a specific language by combining ML
approaches and handcrafted rules. Motibot relies on natural
language understanding (NLU) [42], which is an ML technique
that enables the VC to interpret user messages. NLU, together
with the conversational history and a set of predefined variables,
determines the transition from one turn of the dialogue to
another. In this study, the NLU system was trained by feeding
it with a data set comprising 6899 examples of user utterances
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categorized by intent and annotated with entities. Examples of
intents are to affirm, deny, say your name, say what you feel,
schedule the next meeting, and xpress the level of motivatione.
Examples of entities are the user’s name, the emotion felt, the
date, time of the next meeting, and level of motivation. NLU
was used to interpret the intents and entities. In this study, we
defined 54 intents and 6 entities. During interactions between
Motibot and users, intents and entities were extracted from
users’ messages and classified using a trained multitask
transformer architecture. Motibot was designed to last for 12
sessions of 10-20 minutes each, during which Motibot interacted
with the user according to the scripts previously defined as
shown in Figure 2. Because of the flexibility of this VC,
specifically designed to be as adaptable as possible to the users’
daily life, every session was initiated following a scheduled
plan decided by the users themselves to best suit their needs.
Users were able to respond to Motibot by inputting text or
tapping an option on their smartphone screen. The interaction
between Motibot and users is designed considering
evidence-based approaches related to counseling and
psychoeducation as displayed in Figure 2. In particular, these
approaches are linked to the healthy coping construct [8] and
to mindfulness-based cognitive therapy [43] to support and
motivate the development and/or enhancement of coping
strategies. For these reasons, the whole conversational protocol
was developed referring to TTMC [13], which allows the VC
to understand what motivational state the user is in and

consequently deliver the most appropriate psychoeducation
intervention, which is based on the user’s motivation to change.
At the beginning of the first session, Motibot asks the users to
present themselves by telling they are. Subsequently, Motibot
delivers a video presentation of itself, its functionality, and its
main features to involve the user in the interaction. Thereupon,
Motibot delivers 3 different questionnaires to assess the levels
of depression (Patient Health Questionnaire-9 [PHQ-9]) [44],
anxiety (Generalized Anxiety Disorder-7 [GAD-7]) [45], and
perceived stress symptoms (Perceived Stress Scale-10 [PSS-10])
[46]. These 3 questionnaires were also sent after the intervention
and at follow-up. In this last case, 2 psychosocial scales were
added to assess diabetes-related emotional distress (Problem
Areas in Diabetes Scale–Short Form-5 [PAID-5]) [47] and
general well-being (World Health Organization-5 Well-Being
Index [WHO-5]) [48]. PAID-5 and WHO-5 were evaluated only
at follow-up, that is, 2 months after the end of the study. The
latter 2 scales were included to verify whether coping strategies
had been internalized, thus leading to greater well-being. Indeed,
diabetes self-management is well known to be influenced by
these outcomes. In addition, Motibot sent 2 other questionnaires
to assess UX during the whole interaction and UE only at the
end of the intervention to comprehend the users’ overall and
final involvement. One month after the end of the study,
semistructured interviews were conducted to understand both
UX and how users felt during their interaction with Motibot.

Figure 1. Motibot: the virtual coach.
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Figure 2. Graphical representation of the conversational protocol delivered to users and its chronological structure. GAD7: Generalized Anxiety
Disorder-7 Items; PAID5: Problem Areas in Diabetes Scale–Short Form-5 Items; PHQ9: Patient Health Questionnaire-9 Items; PSS10: Perceived Stress
Scale-10 Items; T1DM: type 1 diabetes mellitus; T2DM: type 2 diabetes mellitus; TTMC: transtheoretical model of change; UES: User Engagement
Scale; UX: user experience; WHO5: The World Health Organization-5 Well-Being Index.

Each day, Motibot asks the users what emotion they are feeling
at that precise moment as well as its intensity, to support them
in becoming more aware of their own emotions and
self-reflecting on them. After this question, according to TTMC
and following the state of change ruler (ie, precontemplation
state, contemplation, preparation, action, and maintenance) [13],
Motibot asks users “How much do you want to improve your

well-being on a scale from 1 (not at all) to 10 (very much)?” to
understand their motivation to maintain diabetes under control.
When users are considered in the precontemplation state,
Motibot tries to investigate why they feel this way and then
attempts to increase emotional awareness by helping them to
self-reflect on their emotions and on the importance of taking
care of both their body and mind. When users are considered
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in the contemplation state, Motibot provides motivational
interventions, which focus the attention on the costs and benefits
of adopting a healthier behavior to favor psychosocial
well-being. Finally, when users are in the action state, Motibot
provides behavioral interventions by sending audio tracks related
to mindfulness practices.

Data Collection
As reported in Textbox 1, the psychosocial questionnaires were
administered before and after the intervention and at follow-up.
Moreover, semistructured interviews were conducted 1 month
after the end of the study.

Textbox 1. Overview of questionnaires and of their administration timing.

• Before the intervention

• Patient Health Questionnaire-9 (depression)

• Generalized Anxiety Disorder-7 (anxiety)

• Perceived Stress Scale-10 (perceived stress)

• At the 2nd, 8th, and 12th sessions

• User Experience Questionnaire (user experience)

• After the intervention

• Patient Health Questionnaire-9

• Generalized Anxiety Disorder-7

• Perceived Stress Scale-10

• User Engagement Scale–Short Form (user engagement)

• 1 month after the end of the study

• Semistructured interviews

• At follow-up (2 months after the end of the study)

• Patient Health Questionnaire-9

• Generalized Anxiety Disorder-7

• Perceived Stress Scale-10

• World Health Organization-5 Well-Being Index (well-being)

• Problem Areas in Diabetes Scale–Short Form-5 (diabetes-related emotional distress)

The PHQ-9 [44] is a brief self-reported unidimensional measure
developed to assess and monitor the severity of depression
symptoms in the previous 2 weeks. The questionnaire includes
9 items rated on a 4-point Likert scale (from 0 never to 3 almost
every day). The PHQ-9, which incorporates the Diagnostic and
Statistical Manual of Mental Disorders, fourth edition, text
revision criteria, has a total score ranging from 0 to 27, with a
score of 10 representing the optimal cutoff to detect clinically
relevant depression. The PHQ-9 comprises five categories of
severity: (1) absent (scores 0-4), (2) subthreshold depression
(scores 5-9), (3) mild depression (scores 10-14), (4) moderate
depression (scores 15-19), and (5) major depression (scores
20-27). An example of an item is the following: “During the
last two weeks, on how many days did you feel little interest or
pleasure in doing things?” (item 1). The PHQ-9 has shown good
psychometric properties [44]. The GAD-7 [45] is a brief
self-reported unidimensional measure aimed at screening
probable cases of GAD and assessing the severity of symptoms
in the previous 2 weeks. The questionnaire comprises 7 items
based on a 4-point Likert scale (from 0 never to 3 almost every
day). The GAD-7 incorporates the Diagnostic and Statistical
Manual of Mental Disorders, fourth edition, text revision criteria

and has a total score ranging from 0 to 21, with a score of 10
as the cutoff for GAD. The questionnaire included three
categories of severity: (1) mild anxiety symptoms (score ≥5),
(2) moderate anxiety symptoms (score ≥10), and (3) severe
anxiety symptoms (score ≥15). An example of an item is the
following: “In the last two weeks, how often did each of the
following problems bother you? Feeling nervous, anxious, or
tense” (item 1). The GAD-7 has demonstrated good validity
and reliability [45]. The PSS-10 [46] is a brief self-reported
unidimensional measure that assesses an individual’s perception
of stress in the previous month. The PSS is a measure of the
degree to which each situation in one’s life is perceived as
stressful; indeed, the items are designed to evaluate the degree
to which individuals find their lives unpredictable,
uncontrollable, or overloaded. The scale also contains a series
of direct questions about the current levels of perceived stress.
The PSS consists of 10 items based on a 4-point Likert scale
(from 0 never to 5 very often). The total PSS score ranges from
0 to 40, with high scores indicating a high level of perceived
stress. PSS includes three categories of severity: (1) low
perception of stress (scores 0-13), (2) moderate perception of
stress (scores 14-26), and (3) high perception of stress (scores
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27-40). An example of an item is the following: “In the last
month, how often have you felt out of sorts because something
unexpected happened?” (item 1). The PSS-10 has demonstrated
good psychometric properties regarding reliability and validity
[46]. The PAID-SF-5 [47] is a self-reported unidimensional
measure aimed at assessing diabetes-related emotional distress.
The questionnaire comprises 5 items based on a 5-point Likert
scale (from 0 not a problem to 4 serious problem). Total scores
range from 0 to 100, with higher scores (ie, ≥40) indicating
greater diabetes-related emotional distress. The PAID-SF-5 has
demonstrated good psychometric properties [47]. The WHO-5
[48] is a self-reported unidimensional measure that evaluates
psychological well-being, a core dimension of quality of life.
The questionnaire comprises 5 items rated on a 6-point Likert
scale (from 0 never to 5 always). The total score was rescaled
to range between 0 and 100, with a score ≤50 suggesting poor
psychological well-being and a score ≤28, indicating depression,
showing good psychometric properties [48]. The User
Engagement Scale–Short Form (UES-SF) [49] is a brief
self-report questionnaire aimed at assessing user engagement
with a digital solution. The UES-SF includes 12 items based
on a 5-point Likert scale (from 1 strongly disagree to 5 strongly
agree). The UES-SF comprises 4 factors: (1) focused attention,

which indicates the feeling of being immersed in the interaction
(eg, “I lost myself in this experience”); (2) perceived usability,
which is the negative affect experienced owing to the interaction
and the effort spent (eg, “I felt frustrating while using
Motibot”)—this factor is the only one in which the scores were
reversed; (3) aesthetic appeal, which represents the graphical
and visual appeal related to the digital solution (eg, “Motibot
was aesthetically appealing”); and (4) the reward factor (eg,
“Using Motibot was worthwhile”). The latter is a single set of
3 factors related to the original UES questionnaire [49,50], such
as the endurability, which evaluates the overall success of the
interaction; the novelty, which examines the overall interest
related to the interaction with a digital solution; and finally, the
felt involvement factor, which evaluates the overall fun
interaction. The overall scale was found to be reliable [49]. The
User Experience Questionnaire (UEQ) used in this study is an
adapted version of the original UEQ [51], modified ad hoc to
make the bipolar adjectives more appropriate to the aims of this
study. In particular, the questionnaire included 28 adjectives,
either positive or negative, designed to assess the experience of
interacting with the VC. Each item was scored on a 5-point
Likert scale (from 1 strongly disagree to 5 strongly agree).
Textbox 2 shows the selection of items for this study.
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Textbox 2. The items of the User Experience Questionnaire.

Positive items

• Pleasant

• Profound

• Cordial

• Comprehensible language

• Empathetic

• Attentive

• Motivating

• Encouraging

• Supportive

• Trustworthy

• Flexible

• Interesting

• Effective

Negative items

• Annoying

• Not reliable

• Unappealing

• Unclear

• Complicated

• Not efficient

• Too much information

• Dissuading

• Not stimulating

• Not engaging

• Unpredictable

• Not reflective

• Conventional

• Not effective

• Rigid

Semistructured interviews were conducted by GB with all
participants who concluded the interaction with Motibot. The
interviews were based on 11 ad hoc questions administered 1
month after the end of the study and lasted approximately 10
minutes. Each interview started with asking the motivation for
participating in this study and concluded with a question in
which the participant should explain whether they would suggest

Motibot to other people with the same chronic illness, explaining
the reason. The other 9 questions were divided into 2 sections
as reported in Textbox 3. The first included 5 questions related
to the experience that users had with Motibot; therefore, the
goal was to assess the UX. On the other hand, the second section
included 4 questions related to how users felt during the
interaction with Motibot from a psychological perspective.
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Textbox 3. Questions asked to participants during semistructured interviews.

• What motivated you to participate in the study?

• User experience

• What were your expectations with regard to Motibot?

• With regard to Motbiot, which aspect did you like the most?

• With regard to motibot, which aspect did you dislike the most?

• With regard to Motibot, how was your user experience?

• Would you be interested in using, in the future, a complete virtual coach?

• How users felt during the interaction

• Motibot proposed to you several audio tracks regarding mindfulness. How did you live them?

• Did you find Motibot useful to find a mindful moment for yourself?

• Did Motibot help you to soothe any anxiety, stress and/or depression symptoms?

• Did you listen to Motibot mindfulness audio tracks again at the end of the study?

• Would you suggest Motibot to someone with diabetes mellitus? Why?

Statistical Analysis
Statistical analyses were performed using R, version 4.0.0 (The
R Foundation for Statistical Computing) [52], and SPSS
Statistics, version 24.0 (IBM Corp) [53]. The Shapiro-Wilk test
was performed to evaluate the normality of the sample
distributions of the variables investigated in this study.
Descriptive analysis was carried out on psychological
dimensions, namely depression, anxiety, and perceived stress,
before and after the intervention and at follow-up. The same
analysis was performed on diabetes-related emotional distress
and well-being, although only at follow-up. All data are shown
as plots. The Kruskal-Wallis nonparametric test was used to
evaluate differences in depression, anxiety, and stress among
participants. A post hoc Wilcoxon nonparametric test was
performed to compare the differences in the aforementioned
outcomes before and after the intervention and at follow-up to
understand whether the psychoeducational intervention had
been effective. Means and SDs were computed for UX, which
was evaluated at the 4th, 8th, and 12th sessions and for UE,
which was evaluated at the end of the study. The data regarding
UX are displayed as plots. A text mining approach [54,55] was
followed to extract information from the semistructured
interviews on UX and on how users felt during the interaction
with Motibot. This analysis was implemented by relying on the
Quanteda R package [56] and on custom shell scripting code
under a Linux environment. The analysis was carried out on
the written interview transcripts (in Italian) as follows: first,
they were cleaned by replacing uppercase letters and removing
numbers, punctuation, and stopwords. Thereupon, user’s
answers were divided into groups, each containing all answers
to one of the interview questions. Two analyses steps were
implemented: (1) extraction, from some of the questions in the
semistructured interviews, of 3 sets of responses (ie,
yes/no/maybe) and (2) extraction, from the remaining questions,
of recurrent concepts (ie, word stems) and their relations in
terms of digrams (ie, pairs of word stems). A word stem was

deemed to be recurrent if it appeared at least three times across
interviews, whereas digrams were considered recurrent if they
appeared at least two times. The criterion of 3 occurrences as
the threshold for including a stem was chosen according to the
following rule of thumb. We assume stems to be significant if
they belong to the 5% most recurrent ones. However, because
occurrence is quantified by an integer number, this percentile
threshold can be enforced only approximately. Setting the
criterion of minimum occurrences to 3 yielded the extraction,
for the different questions, between 3.8% and 7.9% most
recurrent stems (average 6.2%), in reasonable compliance with
the 5% threshold assumed above. In addition, the average
occurrence of stems for a given question was 1.35; a threshold
of 3 occurrences was equivalent to the requirement of a stem
recurring more than twice as frequently as the average.

Results

Preliminary Analysis
The variables investigated in this study showed a nonnormal
distribution. No missing data were identified, and each
participant answered all the questions administered. As
mentioned in the Participant section, only one participant did
not answer the entire questionnaire sent after the intervention
and thus was excluded from the analyses regarding the
psychosocial variables.

Perceived Stress, Anxiety, and Depression Symptoms
Overall, as displayed in Figure 3, all participants showed
moderate symptoms concerning perceived stress (assessed using
the PSS-10). Participant 6 was the only participant showing a
high perception of stress after the intervention; however, the
level of perceived stress diminished at follow-up. Data
concerning anxiety and depression symptoms (assessed
respectively through the GAD-7 and PHQ-9) seem to increase
after the intervention and decrease at follow-up, except for
participant 5, who presented severe symptoms at both time
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points, thereby resulting in an outlier. The presence of an outliers did not affect the overall trend of data regarding these outcomes.

Figure 3. Plots of perceived stress, anxiety, and depression symptoms, assessed through the Perceived Stress Scale-10 (PSS-10), Generalized Anxiety
Disorder-7 (GAD-7), and Patient Health Questionnaire-9 (PHQ-9), respectively, before and after intervention and at follow-up (N=12).

Well-being and Diabetes-Related Emotional Distress
As shown in Figure 4, when considering the presence of an
outlier, participants ranged between poor and good
psychological well-being (assessed through the WHO-5), with
an overall mean of 50.00 (SD 17.18), which indicates an overall
poor psychological well-being. However, if the outlier is
excluded, the overall mean is 51.64 (SD 17.01), which

corresponds to an overall good psychological well-being. With
regard to diabetes-related emotional distress (assessed through
the PAID-5), most participants did not present diabetes-related
emotional distress; indeed, the overall mean was 35.67 (SD
21.20). If the approach described above is applied and therefore
if the outlier is excluded, the overall mean is 32.73 (SD 19.50),
which, being an even smaller value, suggests low levels of
diabetes-related emotional distress.

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e32211 | p.794https://humanfactors.jmir.org/2022/1/e32211
(page number not for citation purposes)

Bassi et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 4. Plots of well-being and diabetes-related emotional distress, evaluated through the World Health Organization-5 Well-Being Index (WHO-5)
and Problem Areas in Diabetes Scale-5 (PAID-5), respectively, at follow-up (N=12).

Kruskal-Wallis Test for Psychosocial Outcomes
The Kruskal-Wallis test, carried out to assess the differences
among depression, anxiety, and perceived stress symptoms, did
not yield any significant results when considering the
intervention period. Nevertheless, as shown in Figure 3, a
downward trend can be identified over the 3 time periods (ie,
before the intervention, after the intervention, and during
follow-up).

User Experience
Analyses regarding the positive items (assessed through UEQ)
reported a mean >3 on a 5-point Likert scale (mean 4.04, SD

0.22). In particular, the items comprehensible language,
empathetic, motivating, encouraging, and interesting increased
from the 2nd to the 12th session, whereas the item supportive
tended to decrease from the 2nd to the 12th session as displayed
in Figure 5. The specific means and SDs are reported in the
Multimedia Appendix 1 (Table S1).

Analyses of the negative items (evaluated using UEQ), shown
in Figure 6, reported a mean <2 on a 5-point Likert scale (mean
1.86, SD 0.30), thereby attesting that users disagreed with the
overall items. In particular, the items not stimulating, not
engaging, and rigid decreased from the 2nd to the 12th session.
The specific means and SDs are reported in the Multimedia
Appendix 1 (Table S2).
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Figure 5. Plot of the positive items of the User Experience Questionnaire. Circled dots and error bars correspond to sample means and sample SDs,
respectively (N=13).

Figure 6. Plot of the negative items of the User Experience Questionnaire. Circled dots and error bars correspond to sample means and sample SDs,
respectively (N=13).

User Engagement
Overall, the data on UE show that participants were engaged
with Motibot, as reported in Table 1. The reward factor, which
refers to the worthwhile and absorbing experience of the user

with the digital solution, presents a maximum value of 5. The
same result also emerged for perceived usability and focused
attention. Notably, the perceived usability factor is the only
factor in which the items were reversed, indicating a good effect
experienced by the digital solution.

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e32211 | p.796https://humanfactors.jmir.org/2022/1/e32211
(page number not for citation purposes)

Bassi et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Descriptive statistics for User Engagement Scale (N=13).

Value, mean (SD)Value, rangeParameters

4.14 (0.49)3.25-4.83Total scale

4.82 (0.32)4-5Perceived usability

3.62 (0.83)2.33-5Focused attention

3.79 (0.55)2.67-4.67Esthetic appeal

4.33 (0.58)3-5Reward factor

Minimum and Maximum Scores of Participants Based
on the User Engagement Questionnaire’s Likert Scale

Text Mining
Overall, the average duration of the 13 semistructured interviews
was 9.04 minutes. The transcripts of the interview answers
comprised 562 words on average. The results of text mining
applied to the answers of the semistructured interviews,
concerning UX and how users felt during the interaction with
Motibot, are graphically summarized in Figures 7 and 8,
respectively. In both figures, bar plots show the distribution of

3 types of answers (ie, yes/no/maybe), whereas scatter plots
highlight the most frequent concepts, namely word stems
appearing at least three times in the interviews. Within scatter
plots, arrows identify recurrent digrams, that is, sequences of
2-word stems appearing at least twice within the interviews. It
is worth mentioning that the apparently opposite ordering of
some digrams (eg, support→psychological) is because of the
analysis being carried out on texts in Italian, in which word
ordering is different from English. Stems were translated at the
end of the analysis, considering the abovementioned potential
nuances between the 2 languages. The radius of the circle is
proportional to the number of occurrences of each stem.

Figure 7. Answers to the semistructured interviews related to user experience.
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Figure 8. Answers to the semistructured interviews related to how users felt during the interaction with Motibot.

Text Mining: UX With Motibot
As shown in Figure 7, 85% (11/13) of the participants would
be interested in using a VC for psychosocial support and 92%
(12/13) would suggest VC to other people with the same chronic
disease. Overall, participants reported having a positive
experience with Motibot. As displayed in the upper-right panel,
where stems graphed in blue and red correspond to liked and
disliked aspects, respectively, users largely reported positive
aspects in the interaction with Motibot, except for some
technical problems. It should be mentioned that 3 participants
reported that there were no aspects that they disliked.

Text Mining: How Users Felt During the Interaction
With Motibot?
As displayed in Figure 8, users reported mindfulness audio
tracks as a very good, positive, interesting, and new experience.
They further considered the voice of the audio tracks as a guide
to the mindfulness pathway. Indeed, 62% (8/13) of the
participants also listened to the mindfulness audio again after
the end of the study or planned to do so in the future, to grant
themselves a further mindful moment. Finally, 77% (10/13) of
the participants reported that Motibot helped them reduce the
symptoms of anxiety, depression, and/or stress.

Discussion

Principal Findings
This proof-of-concept study evaluated the preliminary efficacy
of a VC intervention for psychosocial support. Motibot, indeed,
aims to support and motivate adults with T1DM and T2DM to
adopt healthy coping strategies. In turn, these healthy coping

strategies should reduce depression, anxiety, perceived stress
symptoms, and diabetes-related emotional distress and improve
well-being. This study further aims to evaluate UX and UE in
the interaction with a VC from both qualitative and quantitative
perspectives. Overall, preliminary evidence suggests that the
digital intervention led to improvements in symptoms of anxiety
and depression, as emerged from the downward trend of the
related factors detected over the 3 time periods (ie, before the
intervention, after the intervention, and during follow-up).
Notably, participants showed an increase in anxiety and
depression symptoms after the intervention and a subsequent
decrease during follow-up, showing good psychological
well-being, upon exclusion of an outlier, and no diabetes-related
emotional distress. These data highlight how the effects of the
psychoeducational intervention were maintained over time, thus
leading to the users’ internalization of healthy coping strategies
and self-reflection of their own emotions. With regard to
perceived stress, users showed moderate symptoms, which
remained throughout the intervention, including follow-up.
However, users did not present any diabetes-related emotional
distress. These findings shed light on the possible stressful
events that underpin perceived stress, such as the impact of
contingent events; thus, the findings did not relate to the burden
of managing DM. It is worth mentioning that this study was
carried out in 2021 during the COVID-19 pandemic, which had
a significant impact on psychological well-being among the
whole population [57]. Overall, the users perceived a decrease
in any symptoms of anxiety, depression, and/or stress, reporting
the usefulness of Motibot in supporting and motivating them
to find a mindful moment for themselves. The psychoeducational
intervention was well accepted by users, particularly in the
presence of a mindfulness pathway. Indeed, users reported a
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very good, positive, interesting, and new experience: most users
listened to the audio tracks even at the end of the study to
achieve a mindful moment for themselves once again. Indeed,
mindfulness-based interventions have recently become more
relevant in the context of DM care, as they are associated with
a reduction of negative emotions and an enhancement of an
individual’s attitude and coping strategies [58]. Users had a
positive and interesting experience with Motibot, particularly
because it proposed audio tracks relating to meditation and
asked them what emotion they were feeling in that precise
moment. The purpose of asking users to express their emotions
is to motivate them to become more aware and reflect on them:
one might expect that the more one is aware of their own
emotions, the better they can regulate them. Motibot was
perceived as empathetic and stimulating in its dialogic
interaction, even if it was slightly less supportive from the 2nd
to the 12th session. This last result might indicate that users
become familiar with Motibot throughout the sessions and thus
do not perceive any further support, albeit still feeling involved
and absorbed in the interaction. However, Motibot was also
perceived as motivating and encouraging in the adoption of
healthy coping strategies: users appreciated that Motibot gave
them positive advice. Notwithstanding these promising results,
few users still reported a desire for human contact to receive
psychological support. These data emerged particularly for those
who presented with high levels of anxiety, depression, and/or
perceived stress symptoms. Therefore, we speculate that VCs
may be successfully used to support and motivate people with
mild and moderate psychological symptoms, whereas those
with more severe psychological symptoms may benefit more
from psychotherapy support in face-to-face spontaneous and
human settings. Furthermore, users encountered technical
problems when interacting with Motibot, particularly when
arranging the next session. However, this issue was addressed
in the study. Nonetheless, users felt involved and engaged with
Motibot, reporting a worthwhile and absorbing experience and
a positive perception of use, stating that Motibot was very easy
to use.

Limitations and Future Work
This study has 2 main limitations. First, the small sample size,
which was chosen following the proof-of-concept phase related
to the ORBIT model, as it allows the inclusion of few
participants during the first phases of the design, evaluation,
and implementation process [40]. However, this choice does
not permit data generalization. Second, a more complex analysis
approach concerning text mining on the semistructured
interviews, such as supervised or unsupervised learning, could
not be implemented owing to the relatively small number of
participants and the limited length of the interviews (ie, between
approximately 200 and 1000 words each). Future studies should
integrate, in the development of a VC, medical factors such as
the glycemic levels alongside the main psychosocial aspects,
as they interplay with the management of DM and thus are
variables worth analyzing. Finally, our future goal is to test
Motibot with a larger sample size in a randomized controlled
trial to investigate the effectiveness of the psychoeducational
intervention in a systematic and controlled manner.

Conclusions
Motibot was developed through a combination of NLU and
handcrafted rules with the aim of delivering a psychoeducational
intervention for adults with T1DM and T2DM, which allows
them to interact by using both free text and structured dialogue
interaction. The results of this study showed positive user
experience and engagement. In addition, the findings highlighted
the usefulness of interacting with a VC to motivate adults with
DM to adopt healthy coping strategies. These coping strategies,
specifically related to mindfulness practices, allowed a reduction
in anxiety, depression, and diabetes-related emotional distress
symptoms, while also improving their well-being. This decrease
in psychosocial symptoms and increase in well-being was also
maintained at follow-up. VCs have the advantage of scalability,
which leads to greater user accessibility, and thus, it is available
at any time. Moreover, VCs are deployable to adults with DM
who show mild and moderate psychosocial symptoms. In
particular, VCs can provide them with valuable support, in
combination with a dedicated psychotherapist both in a
traditional face-to-face setting or in a digital solution referring
to the stepped care model [59].
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Abstract

Background: Familial hypercholesterolemia, a prevalent genetic disorder, remains significantly underdiagnosed in the United
States. Cascade testing, wherein individuals diagnosed with familial hypercholesterolemia— probands—contact their family
members to inform them of their risk for familial hypercholesterolemia, has low uptake in the United States. Digital tools are
needed to facilitate communication between familial hypercholesterolemia probands and their family members and to promote
sharing of familial hypercholesterolemia–related risk information.

Objective: We aimed to create and evaluate a web-based tool designed to enhance familial communication and promote cascade
testing for familial hypercholesterolemia.

Methods: A hybrid type 1 implementation science framework and a user-centered design process were used to develop an
interactive web-based tool—FH Family Share—that enables familial hypercholesterolemia probands to communicate information
about their familial hypercholesterolemia diagnosis with at-risk relatives. Probands can also use the tool to draw a family pedigree
and learn more about familial hypercholesterolemia through education modules and curated knowledge resources. Usability
guidelines and standards were taken into account during the design and development of the tool. The initial prototype underwent
a cognitive walkthrough, which was followed by usability testing with key stakeholders including genetic counselors and patients
with familial hypercholesterolemia. Participants navigated the prototype using the think-aloud technique, and their feedback was
used to refine features of the tool.

Results: Key themes that emerged from the cognitive walkthrough were design, format, navigation, terminology, instructions,
and learnability. Expert feedback from the cognitive walkthrough resulted in a rebuild of the web-based tool to align it with
institutional standards. Usability testing with genetic counselors and patients with familial hypercholesterolemia provided insights
on user experience, satisfaction and interface design and highlighted specific modifications that were made to refine the features
of FH Family Share. Genetic counselors and patients with familial hypercholesterolemia suggested inclusion of the following
features in the web-based tool: (1) a letter-to-family-member email template, (2) education modules, and (3) knowledge resources.
Surveys revealed that 6 of 9 (67%) genetic counselors found information within FH Family Share very easy to find, and 5 of 9
(56%) genetic counselors found information very easy to understand; 5 of 9 (56%) patients found information very easy to find
within the website, and 7 of 9 (78%) patients found information very easy to understand. All genetic counselors and patients
indicated that FH Family Share was a resource worth returning to.

Conclusions: FH Family Share facilitates communication between probands and their relatives. Once informed, at-risk family
members have the option to seek testing and treatment for familial hypercholesterolemia.

(JMIR Hum Factors 2022;9(1):e32568)   doi:10.2196/32568
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Introduction

Familial hypercholesterolemia is one of the most common
genetic disorders worldwide and is a significant public health
burden [1]. With a prevalence of approximately 1 in 250, it is
estimated that, in the United States, there are 1.3 million
individuals with familial hypercholesterolemia and only 10%
have been diagnosed [2,3]. Familial hypercholesterolemia is a
treatable disorder, yet due to the lack of awareness, patients
remain at significantly increased risk of premature coronary
heart disease due to elevated low-density lipoprotein cholesterol
levels starting early in life [4-6]. Therefore, increasing familial
hypercholesterolemia detection by using cascade testing is
important to prevent coronary heart disease and reduce familial
hypercholesterolemia–related morbidity and mortality.

Cascade testing, wherein individuals diagnosed with familial
hypercholesterolemia (probands) contact their family members
and encourage them to get tested for familial
hypercholesterolemia, is the most cost-effective method of
detecting new cases of familial hypercholesterolemia [7].
Cascade testing has been successfully implemented in a number
of countries, most prominently in the Dutch health care system
[8]. However, the uptake of cascade testing in the United States
is low due to a number of barriers, such as the lack of a
centralized and coordinated cascade testing program for familial
hypercholesterolemia, the inability of health care providers to
directly contact family members due to the Health Insurance
Portability and Accountability Act Privacy Rule [9], complex
family dynamics, and the burden placed on probands and health
care providers in locating and contacting all at-risk family
members [10]. In a recent study [11], only 28 of 240 (12%)
familial hypercholesterolemia probands were able to enroll a
family member for cascade testing, which highlights the low
uptake of cascade testing in the United States.

Innovative digital tools have a central role to play in the
implementation of genomic medicine by facilitating
patient-centered care and decreasing disparities in health care
by allowing increased access to care in diverse and underserved
communities [12-14]. Well-designed digital tools may also be
used to enhance the patient experience by encouraging patient
engagement, promoting informed health care–related decisions,
and increasing knowledge dissemination [13-15].

To develop digital tools for genomic medicine, it is necessary
to obtain patient and provider input, ideally within an
implementation science framework, to assess the tool’s potential
effectiveness as well as institutional and individual level
readiness for tool implementation. Patient and provider insights
can be used to guide iterative refinements to digital tools and
ensure smooth integration into clinical workflows. Hybrid study
designs enable elements from both clinical effectiveness research
and implementation science research to be blended to serve as
a useful framework within which to gather stakeholder feedback
and facilitate the translation of digital tools into practice [16].

Methods

Ethics
This study met institutional criteria for Quality Improvement
and thus was not subject to review by the Institutional Review
Board. The study was conducted from January 2018 to March
2021.

Description of FH Family Share
We used a hybrid type 1 implementation science framework
and a collaborative user-centered design process to develop an
interactive website intended to facilitate communication between
familial hypercholesterolemia probands and their family
members. The design was guided by US Department of Health
and Human Services Guidelines [17] and International
Organization for Standardization Quality Standards for Usability
[18]—guidelines that address web design and evaluation as well
as user experience optimization for knowledge dissemination.
Probands can share their familial hypercholesterolemia diagnosis
with relatives via the letter-to-family-member email template.
Email allows for faster communication than that using traditional
postal mail; the email contains information on the relative
likelihood of family members also having familial
hypercholesterolemia (given that it is passed on as an autosomal
dominant trait) and a recommendation to get tested. The proband
can include information about the specific pathogenic variant
that was found in their genetic test report, to facilitate family
member genetic testing. The website also enables probands to
build a family tree utilizing a pedigree tool (AboutMe, Mayo
Clinic) to include first-degree relatives and document family
members who may be at increased risk for familial
hypercholesterolemia. Once a pedigree has been built, it can be
accessed each time the user logs on. The web-based tool also
has a section, called Learn, with educational modules on familial
hypercholesterolemia–related topics: (1) What is Familial
Hypercholesterolemia, (2) Familial Hypercholesterolemia
Considerations in Children, (3) Genetics, (4) Genetic Testing
Frequently Asked Questions, (5) Treatment, and (6) Additional
Resources. Through these modules, users (probands or family
members) can expand their knowledge on familial
hypercholesterolemia and access informative patient education
materials and links to other educational tools and websites.

In its current form, FH Family Share will be available on the
Mayo Clinic intranet and the internet; all aspects of the
web-based tool will be available for public access, with the
exception of the pedigree tool which requires the use of a Mayo
Clinic patient username and password, to ensure security of
protected health information.

Cognitive Walkthrough
The initial proof-of-concept prototype of the web-based tool
was built by an external vendor using open-source PHP
framework (Yii, version 2.0; Take The Wind). The graphical
user interface was designed in HTML5 and CSS3 in conjunction
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with Jquery, connected to the MySQL database. It was
developed as a responsive design for multiple screen sizes. The
initial prototype underwent cognitive walkthrough—a technique
applied to evaluate the usability of an app or system in the early
stages of design. The cognitive walkthrough was conducted by
3 usability experts to assess exploratory learning—how well an
end user can navigate the app for the first time without prior
training [19-21]. The usability experts conducted the cognitive
walkthrough at the Mayo Clinic Usability Laboratory and
participated in 11 tasks that a first-time user was likely to
undertake (Multimedia Appendix 1). The session lasted 2 hours
and was observed by 5 study team members. Observers gave
feedback on any difficulties they noted the experts encounter
while navigating the website. The experts and observers
discussed the feedback after each task, and points were
documented on how to further improve the tool (Multimedia
Appendix 2).

Pilot Testing Program With Genetic Counselors
We evaluated user experience, satisfaction, and interface design
of FH Family Share with usability testing that was informed by
quality standards.[18]. A 1-year pilot testing program was
launched in 2 phases (Rochester campus, Mayo Clinic), with
genetic counselors as key stakeholders of the web-based tool.
Purposive sampling was applied to recruit genetic counselors
with varying clinical backgrounds, to obtain information-rich
relevant insights on user experience and interface design.
Genetic counselors were invited to participate in the usability
testing sessions by email. A target sample size of 5 to 8
participants was established based on prior usability studies
[22-25], in which approximately 80% to 85% of usability-related
concerns were identified from the first 8 participants. We
conducted 9 usability testing sessions in phase 1, and we
conducted 7 usability testing sessions in phase 2.

Each usability session was 1-hour long; sessions were
audiorecorded using a handheld recorder and transcribed using
transcription software (version 2018; Otter.ai). Sessions were
conducted by a user experience expert (AM) from an external
company, to reduce any institutional or workflow driven biases.
Study team members (HB and JHG) were also present during
each session to observe and take notes. Participating genetic
counselors were asked to assess educational content and
interface design, as well as to provide insights on how FH
Family Share would be integrated with their usual clinical
workflows.

We used a digital platform (version 2011; InVisionApp Inc) to
build an interactive clickable prototype of FH Family Share and
to conduct user experience testing. The website prototype and
2 case scenarios (Multimedia Appendix 3) were presented to
each genetic counselor; each participant was asked to verbalize
their thoughts while navigating the prototype [26].

To facilitate feedback, genetic counselors were asked
open-ended questions: “How do you feel each of the elements
[on the website] might help you in your role?” “What do you
think you will find when you click into this page?” “How might
you share this website with a patient?” “What are some strengths
and weaknesses [of the website]?” “Clicking that print button,
what would you imagine would print out?”

Each round of user testing informed iterative refinements and
modifications to the features of the prototype. User testing
rounds were conducted until saturation was reached (ie, no new
feedback was obtained) (Figure 1).

At the end of each usability testing session in phase 1, genetic
counselors completed a 7-item satisfaction survey. Based on
feedback from genetic counselors in phase 1, the survey was
refined, and 4 additional questions were added (Multimedia
Appendix 4); therefore, at the end of phase 2, genetic counselors
completed an 11-item satisfaction survey.

Figure 1. FH Family Share development and testing work flow.

Evaluation With Patients
To obtain insights from end users, we conducted usability testing
sessions over a 3-month period with patients with familial
hypercholesterolemia. Patients were recruited using convenience
sampling with a target sample size of 8 to 10 participants
[22-25]. Patients with a confirmed pathogenic/likely pathogenic
genetic variant for familial hypercholesterolemia and who
previously participated in familial hypercholesterolemia–related
research studies at Mayo Clinic were eligible for inclusion.
Patients with a confirmed genetic diagnosis of familial
hypercholesterolemia were selected to participate in this study
as they had either gone through the process of cascade testing
or were currently doing so and could therefore share important
feedback and insights on the usefulness and relevance of FH
Family Share in facilitating cascade testing. Patients received

a request to participate in the study via 1 of 3 methods: the
institutional patient portal, a telephone call, or an email. If
patients indicated that they were interested in participating, they
were contacted by phone to schedule the usability testing
session.

Due to the COVID-19 pandemic, usability testing sessions were
conducted using videoconferencing software (Zoom Video
Communications Inc). Each session lasted 1 hour. Both audio
and video from sessions were recorded; audiorecordings were
transcribed using Office Word (version 2021; Microsoft Inc).
Each session was conducted by a user experience expert (AM);
study team members (HB, AA, and JHG) were also present
during each session. Patients were emailed a link to access the
clickable prototype of the web-based tool and were asked to
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think aloud when navigating the prototype. Patients did not
receive any compensation for participating in the study.

At the start of each session, patients were prompted to describe
their individual diagnostic journeys for familial
hypercholesterolemia and provide insights on their family
structure: “When were you diagnosed with FH (provide your
age at the time of diagnosis or the calendar year)?” “Tell me
about your experience receiving your FH diagnosis (mode and
duration of communication, formats it was received in, and any
patient education material you may have been given at the
time).” “How did the way in which you received your diagnosis
make you feel?” “What resources, if any, did you use to look
up more information about FH?” “How did you find these
resources (did you reach out to providers, search the internet
etc)?” “How many first-degree relatives (parents, siblings,
children) do you have?” “Did you share any of the information
pertaining to your diagnosis with family members (if so, in what
context or format)?” “If you did not share your diagnosis with
family members, were there any barriers that prevented you
from doing so?” “How many of your family members, that you
know of, have completed testing for FH?” At the end of each
session, patients were asked to complete an 11-item survey
using web-based software (QualtricsXM) (Multimedia Appendix
5).

Results

Cognitive Walkthrough
Key themes that emerged from the cognitive walkthrough were
design, format, navigation, terminology, instructions and
learnability (Multimedia Appendix 6).

Pilot Testing Program With Genetic Counselors

Usability Testing
Of 13 genetic counselors who were contacted, 9 consented to
participate in phase 1. In phase 2, all 7 genetic counselors who
were contacted agreed to participate (Multimedia Appendix 7).

Usability testing with genetic counselors resulted in key
workflow insights and highlighted specific modifications that
could be made to FH Family Share. Genetic counselors found
FH Family Share to be a welcome tool for use in disseminating
knowledge and information to patients and facilitating
communication on health risks information between patients

and their family members. In current practice, once patients
receives a diagnosis of familial hypercholesterolemia, they must
use postal mail to send templated letters to family members
informing them of their increased risk and recommending
screening for familial hypercholesterolemia; genetic counselors
indicated that the template email would aid patients in sharing
their diagnosis and other pertinent information with family
members and health care providers. In phase 1, 7 of 9 (78%)
genetic counselors highlighted the need for a template email in
which patients or genetic counselors could enter the name of
the gene, pathogenic variant, and laboratory that conducted the
genetic testing. Genetic counselors indicated that such
information pertaining to the pathogenic variant would be
valuable in enabling health care providers of family members
determine which genetic testing was needed. Based on this
feedback, the FH Family Share prototype was modified to
include entry fields in the template email (Figure 2) that could
be updated with relevant information on the pathogenic variant
obtained from the patient’s genetic test report (this health
information is not stored on the website).

Genetic counselors highlighted the importance of enabling
patients to learn more about familial hypercholesterolemia
because this would increase the likelihood of patients
recommending cascade testing to their family members.
However, all genetic counselors suggested rearranging the order
of the content into a sequence that would be more in line with
how they were likely to approach the conversation during their
usual clinical workflows (Figure 3).

Additionally, 7 of 9 (78%) genetic counselors who participated
in phase 1 of the pilot program recommended replacing stock
photography and detailed medical images with patient-friendly
material. This feedback led the study team to collaborate with
graphic designers to develop medical illustrations for the
physical manifestations of familial hypercholesterolemia, such
as corneal arcus and tendon xanthomas [27].

Genetic counselors appreciated the integration of the pedigree
tool with FH Family Share, particularly for its value in enabling
patients to build their own pedigree and identify family members
who may need to be screened for familial hypercholesterolemia,
thereby facilitating earlier detection and treatment. Genetic
counselors also valued the additional resources included on the
website, such as links to patient education materials and videos.
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Figure 2. Screenshot of the template email on FH Family Share.

Figure 3. Sequence of educational topics.

Survey Results
The majority of the genetic counselors found information within
the FH Family Share website very easy to find (phase 1: 6/9,
67%; phase 2: 6/7, 86%) and very easy to understand (phase 1:
5/9, 56%; phase 2: 6/7, 86%). In both phases of the pilot
program (Table 1 and Table 2), all genetic counselors responded
that the FH Family Share website was a resource worth returning
to. In response to the questions added to the survey in phase 2,

5 of 7 (71%) genetic counselors agreed or completely agreed
that the FH Family Share tool would ease their workflow during
patient encounters, all genetic counselors agreed or completely
agreed that the tool would likely improve follow-up patient
care, 4 of 7 (57%) genetic counselors indicated that patients
would likely use the Learn modules, and 2 of 7 (29%) genetic
counselors indicated that patients were likely to send a letter to
family members communicating their familial
hypercholesterolemia diagnosis.
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Table 1. Satisfaction survey responses from genetic counselors.

Phase 2 (n=7), n (%)Phase 1 (n=9), n (%)Item

Overall, the information that you were asked to assess within the FH Family Share website was

6 (86)6 (67)Very easy to find

1 (14)3 (33)Somewhat easy to find

Overall, the information that you found within the FH Family Share website was

6 (86)5 (56)Very easy to understand

1 (14)4 (44)Somewhat easy to understand

Is the FH Family Share website a resource worth returning to?

7 (100)9 (100)Yes

0 (0)0 (0)No

The FH Family Share website will ease my workflow in a patient encountera

2 (29)—bCompletely agree

3 (43)—Agree

2 (29)—Neither agree nor disagree

The FH Family Share website is likely to improve follow-up patient carea

3 (43)—Completely agree

4 (57)—Agree

0 (0)—Neither agree nor disagree

As a provider I feel the patient is most likely toa,c

4 (57)—Use Learn modules as a knowledge resource

0 (0)—Build a family tree using AboutMe

1 (14)—Calculate risk of heart attack

2 (29)—Send a letter to family members

0 (0)—Use website information to discuss familial hypercholesterolemia with family members

Do you find the website figures/images/diagrams useful?

6 (86)—Yes

0 (0)—No

1 (14)—Otherd

aThe question was added for phase 2.
bNo data for phase 1.
cOnly 1 option could be selected.
d“Some were useful; more scientific diagrams were not as helpful from a patient perspective” [Participant 1, genetic counselor].
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Table 2. Representative comments from genetic counselors in response to free-text questions. (Participant 4 did not provide free-text responses in
phase 2.)

Representative commentsItem

Phase 2Phase 1

“It was interactive and user-friendly. I think this will provide
patients with a good tool to learn more about FH and how to
easily share this information with their relatives.” [Participant
2]

“Nice resource for families including the ability to share the
resource and family letter within the website” [Participant 6]

“Solid basic information. Good patient reading level.” [Partic-
ipant 4]

“The education materials, getting contact info for the clinic.”
[Participant 5]

“The importance of informing family members and assistance
to do this, especially the email.” [Participant 8]

What did you like
most about the FH
Family Share web-
site?

“Images could use work” [Participant 1]

“There is a lot of clicking into different tabs” [Participant 3]

“Ensure appropriate nomenclature is being used for heterozy-
gous vs. homozygous FH.” [Participant 1]

“Add more infographics about inheritance, genetics etc”
[Participant 3]

“The order of the modules under learn and the ambiguousness
of ‘Discover’” [Participant 8]

What did you like
least about the FH
Family Share web-
site?

“Use for other health care providers w/ limited experience in
FH, incorporate Dutch Lipid Network, etc” [Participant 7]

“Personalization of email tool.” [Participant 2]

“Next steps” for family members, how to find provider, how
to share info with family.” [Participant 3]

What additional infor-
mation or functionali-
ty would you like to
see on the FH Family
Share website?

“Again, nothing further to add. Looks great!“ [Participant 2]

“Make thing as concise as possible” [Participant 3]

“Define terms or link to where they are defined.” [Participant
5]

“More meaningful Images.” [Participant 6]

“A little more information about the About Me tool would be
helpful prior to them starting it.” [Participant 7]

What more could we
do to improve the FH
Family Share web-
site?

FH Family Share Evaluation With Patients

Usability Testing
Of 28 patients who were contacted, 13 responded with interest,
and of those, 9 patients consented and participated in the
usability testing sessions (Multimedia Appendix 8). The target
sample size for participant recruitment was achieved. Patients
who participated in the usability testing sessions had between
4 and 11 first-degree relatives; the majority of the patients (5
of 9, 56%) had shared their familial hypercholesterolemia
diagnosis with all first-degree relatives, and additionally, 8 of
the 9 patients had at least 1 or more first-degree relatives known
to have undergone cholesterol testing or genetic testing.

Feedback obtained from patient usability testing sessions
covered both content and interface design. Patients highlighted
the need for a new section to be included in the Learn section
of FH Family Share that would address the implications of
familial hypercholesterolemia for children of variant-positive
parents, the age at which children should be screened and
treated, as well as the implications of having familial
hypercholesterolemia when planning to start a family. Patients
wanted to know the next best steps in these situations and
emphasized the need to highlight the emotional motivation for
getting tested for familial hypercholesterolemia and sharing a
diagnosis with family members; children and grandchildren
were identified as being the greatest motivators for patients.
Additional feedback was obtained on the need to expand upon
the information provided on proprotein convertase

subtilisin/kexin type 9 inhibitors in the Treatment section by
including details on how to obtain insurance approvals. Patients
also shared input on interface design including need for a larger
clearer font, to make content easier to read (using bullets instead
of paragraphs), to use a less formal tone in the family letter, to
add biographies to health care provider names on the Contact
page, and to include more images and illustrations to make the
website more interesting and engaging. Patient feedback led to
further iterations of FH Family Share to incorporate their input.

Survey Results
Analysis of the satisfaction surveys revealed that 5 of 9 (56%)
patients found information within the FH Family Share website
very easy to find, and 7 of 9 (78%) found information very easy
to understand (Table 3). When asked to share their perspective
on how the website would impact patient care, 2 of 9 (22%)
patients responded that it would significantly improve care,
while 5 of 9 (56%) responded that it would somewhat improve
care. The majority of patients agreed that the website would
make it easier for them to understand and share their familial
hypercholesterolemia diagnosis (completely agree: 5/9, 56%;
agree: 4/9, 44%). When asked about the one activity they would
most likely perform while using the website, 3 of 9 (33%)
patients indicated that they would use the risk calculator to
determine risk of heart attack. All patients agreed that the FH
Family Share website was a resource worth returning to.

Patients also gave responses to 4 free-text survey questions
(Table 4).
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Table 3. Satisfaction survey responses from patients.

Patient responses, n (%)Survey questions

Overall, the information that you were asked to assess within the FH Family Share website was (n=9)

5 (56)Very easy to find

4 (44)Somewhat easy to find

Overall, the information that you found within the FH Family Share website was (n=9)

7 (78)Very easy to understand

2 (22)Somewhat easy to understand

How will the FH Family Share website impact patient care/follow-up care? (n=8)a

2 (22)Significantly improve

5 (56)Somewhat improve

1 (11)Neither improve nor worsen

The FH Family Share website will make it easier for patients like myself to understand and share an FH diagnosis
(n=9)

5 (56)Completely Agree

4 (44)Agree

As a patient, I would be most likely to (n=9)

2 (22)Use the Learn modules as a knowledge resource

0 (0)Build a family tree using AboutMe

3 (33)Calculate risk of a heart attack

2 (22)Send a letter to family members

2 (22)Use website information to discuss FH with family members

Do you find the FH Family Share website figures/images/diagrams useful? (n=9)

8 (89)Yes

1 (11)No

Is the FH Family Share website a resource worth returning to? (n=9)

9 (100)Yes

0 (0)No

aParticipant 6 did not provide a response to this survey question.
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Table 4. Representative comments from patients with familial hypercholesterolemia in response to free-text questions.

Representative commentsSurvey question

“The design intent is solid, and I did find more information regarding genetic variants than I had found doing research from
other sources (Mayo, NIH, CDC)” [Participant 2]

“It's nice to have all this information clearly compiled to be able to return and reference, especially for someone like me
who has dealt with this diagnosis for most of my life but continue to learn more about it and how it will impact my health
and potentially that of my family as I get older.” [Participant 5]

What did you like most
about the FH Family
Share website?

“There was no content that I disliked - the flow of the site could be improved a bit, as reviewed in the session.” [Participant
1]

“Wish more of the links would have been active - but overall, the view and ease to move around was solid.” [Participant 2]

“It was boring and not very visually stimulating.” [Participant 8]

What did you like least
about the FH Family
Share website?

“The risk stratification tool based on medications would be an awesome addition to this website.” [Participant 1]

“As mentioned, perhaps more information geared toward younger patients, starting a family, thinking about getting children
tested/when/why, and how risk can continue to be minimized over a lifetime.” [Participant 5]

“Maybe interactive images.” [Participant 9]

What additional infor-
mation or functionality
would you like to see
on the FH Family Share
website?

“Create more emotional connection to why treatment is so important - perhaps by emphasizing risks. So many young people
think they are invincible - as I did, as well - somehow make it more real, since you don't feel the effects of FH until it may
be too late.” [Participant 2]

“Pictures, diagrams, maybe address the holistic challenges folks with FH have in common.” [Participant 7]

What more could we do
to improve the FH
Family Share website?

Discussion

Principal Findings
Given the ubiquitous use of electronic health records, the
internet, and smartphones, digital tools can serve a central role
in the delivery and implementation of genomic medicine
[10,14,28]. Familial hypercholesterolemia is underdiagnosed,
and there is limited uptake of cascade testing in the United States
[3,29,30]. FH Family Share was designed to facilitate
communication between familial hypercholesterolemia probands
and their relatives, and to increase the uptake of cascade testing.
It was iteratively refined through usability testing with genetic
counselors and patients with familial hypercholesterolemia. The
target sample size for participant recruitment was achieved in
both phases of the pilot testing program, and based on study
team consensus, additional participants were not recruited as
feedback saturation was reached and majority of the usability
issues had been identified.

Current guidelines [31,32] for familial hypercholesterolemia
screening recommend the identification of a proband and
cascade testing of family members, starting with first-degree
relatives. Cascade testing for familial hypercholesterolemia has
been identified as the most cost-effective strategy for identifying
new familial hypercholesterolemia cases [33,34]. In traditional
cascade testing, a proband sends a templated letter, using postal
mail, to inform relatives of their diagnosis and to encourage
them to get tested; however, there is no way to determine
whether relatives receive the letter and seek testing for familial
hypercholesterolemia. This approach to cascade testing has low
uptake in the United States, in part due to the inability of health
care providers to directly contact family members and the burden
placed on probands to undertake this task, and in part due to
the lack of an established national program with cascade testing
that is centralized, coordinated, and aligned with local and
regional needs and resources [35,36]. Although countries with
nationalized health care systems have been able to implement

centralized cascade testing programs, the United States is limited
by several barriers. Well-designed usable digital tools can be
used to bridge the gap in communication and increase uptake
of cascade testing.

Usability testing is an integral part of the field of
human–computer interaction and is used to evaluate interactive
health apps to ensure effective design and development
strategies, with a particular focus on the concept of user-centered
design [37-41]. Genetic counselors and patients with familial
hypercholesterolemia are the intended end users of the
web-based tool, and feedback from these groups informed
iterative refinements to FH Family Share after each phase of
testing. Our extensive usability testing with genetic counselors
revealed FH Family Share to be a resource worth returning to,
with easy to find and easy to understand content that would
likely improve patient follow-up care. Genetic counselors
indicated that the tool was something they could share on their
computer screens with patients during pre- and post-genetic
testing counseling sessions. Genetic counselors also highlighted
that the template email would assist patients in sharing their
familial hypercholesterolemia diagnosis with relatives but that
it needed to include sections in which either they (the genetic
counselors) or the patients could insert gene and variant names,
as this would be useful to family members when scheduling
testing. Orlando et al [42,43] employed a similar process to
develop a family health history and decision support tool, in
which usability testing conducted with 10 genetic counselors
resulted in a number of adaptations to the final tool, such as
changes to interface design, navigation, and content, prior to
its deployment.

Usability feedback from patients with familial
hypercholesterolemia revealed that the majority of patients
found content easy to understand, agreed that the tool could
help them share their familial hypercholesterolemia diagnosis
with family members, and was a resource worth returning to.
A novel insight gained from patient usability testing was the
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importance of understanding the motivation for patients seeking
genetic testing for familial hypercholesterolemia. Patients
revealed that concern for their children, grandchildren, and
family planning were the primary motivators. They highlighted
that FH Family Share should contain an education module
focused on considerations for children and family planning.
This feedback led to the addition of a new topic module. Similar
feedback was obtained in a study [44] conducted to identify
motivators and barriers to cascade testing in families with
familial hypercholesterolemia. Study participants indicated that
they informed relatives of their risk of familial
hypercholesterolemia to protect them from heart disease and
allow them to make appropriate lifestyle changes [44].

FH Family Share will be implemented at all Mayo Clinic sites
and the Mayo Clinic Health System and will also be available
for public access on the internet. Once deployed, the tool’s
content and resources will be updated as new knowledge
emerges. The impact and metrics of FH Family Share will be
assessed using a pilot implementation study. The findings
described herein could be used to create similar digital apps for
other genomic disorders.

Limitations
Usability testing sessions were limited to genetic counselors
and patients with familial hypercholesterolemia—input from
family members of patients with familial hypercholesterolemia
would be useful in ensuring effective implementation of the

tool in nonclinical settings. Additionally, FH Family Share was
not integrated with the electronic health record to enable ease
of access in remote or underserved communities which may
have different electronic health record systems in place. In some
instances, feedback obtained from genetic counselors and
patients with familial hypercholesterolemia varied on the same
topic, for instance, most patients indicated the need for more
illustrations on FH Family Share to increase engagement and
interest, while genetic counselors suggested limiting the use of
illustrations unless they served a specific purpose; feedback
from both groups was harmonized by adding curated illustrations
to increase patient engagement. Due to the COVID-19
pandemic, usability testing sessions conducted with patients
were virtual and nonverbal cues could not be observed; however,
screen sharing along with open-ended questions allowed us to
obtain sufficient feedback which was often consistent across
participants. The sample sizes for genetic counselors and patients
with familial hypercholesterolemia were modest; however, the
numbers were in line with those of previous usability studies
[22-25] and allowed for thematic saturation to be reached.

Conclusions
FH Family Share can be used by probands to communicate their
familial hypercholesterolemia diagnosis with family members,
encouraging them to seek testing for familial
hypercholesterolemia. Such a tool has the potential to increase
uptake of cascade testing thereby allowing for earlier detection
and treatment of familial hypercholesterolemia.
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Abstract

Background: To reduce complications associated with central venous catheter (CVC) insertions, local accreditation programs
using a supervised procedural logbook are essential. To increase compliance with such a logbook, a mobile app could provide
the ideal platform for training doctors in an adult intensive care unit (ICU).

Objective: The aim of this paper was to compare trainee compliance with the completion of a logbook as part of a CVC insertion
accreditation program, before and after the introduction of an app-based logbook.

Methods: This is a retrospective observational study of logbook data, before and after the introduction of a purpose-built,
app-based, electronic logbook to complement an existing paper-based logbook. Carried out over a 2-year period in the adult ICU
of the John Hunter Hospital, Newcastle, NSW, Australia, the participants were ICU trainee medical officers completing a CVC
insertion accreditation program. The primary outcome was the proportion of all CVC insertions documented in the patients’
electronic medical records appearing as logbook entries. To assess logbook entry quality, we measured and compared the proportion
of logbook entries that were approved by a supervisor and contained a supervisor’s signature for the before and after periods. We
also analyzed trainee participation before and after the intervention by comparing the total number of active logbook users, and
the proportion of first-time users who logged 3 or more CVC insertions.

Results: Of the 2987 CVC insertions documented in the electronic medical records between April 7, 2019, and April 6, 2021,
2161 (72%) were included and separated into cohorts before and after the app’s introduction. Following the introduction of the
app-based logbook, the percentage of CVC insertions appearing as logbook entries increased from 3.6% (38/1059) to 20.5%
(226/1102; P<.001). There was no difference in the proportion of supervisor-approved entries containing a supervisor’s signature
before and after the introduction of the app, with 76.3% (29/38) and 83.2% (188/226), respectively (P=.31). After the introduction
of the app, there was an increase in the percentage of active logbook users from 15.3% (13/85) to 62.8% (54/86; P<.001).
Adherence to one’s logbook was similar in both groups with 60% (6/10) of first-time users in the before group and 79.5% (31/39)
in the after group going on to log at least 3 or more CVCs during their time working in ICU.

Conclusions: The addition of an electronic app-based logbook to a preexisting paper-based logbook was associated with a
higher rate of logbook compliance in trainee doctors undertaking an accreditation program for CVC insertion in an adult ICU.
There was a large increase in logbook use observed without a reduction in the quality of logbook entries. The overall trainee
participation also improved with an observed increase in active logbook users and no reduction in the average number of entries
per user following the introduction of the app. Further studies on app-based logbooks for ICU procedural accreditation programs
are warranted.

(JMIR Hum Factors 2022;9(1):e35199)   doi:10.2196/35199
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Introduction

Background
Central venous catheter (CVC) insertion is a common procedure
performed in the intensive care unit (ICU) with up to 78% of
ICU patients requiring insertion of a CVC during their admission
[1]. CVC insertion complications occur frequently and can be
serious. Mechanical complications include arterial injury,
hematoma, and pneumothorax, while delayed complications
can include thrombosis and catheter-related bloodstream
infections [2]. Mechanical complications have been reported in
2.1% of all subclavian and 1.4% of all internal jugular CVC
insertions [3].

In teaching hospitals, trainees perform a large portion of this
aspect of care. In a 2017 UK multicenter audit, 62% of all CVC
insertions were performed by trainees [4]. This is important to
note because complications are more common in less
experienced hands [5]. Training and accreditation programs
help to reduce the rate of both mechanical complications and
catheter-related bloodstream infections associated with less
experienced operators [6,7]. While theoretical knowledge can
be attained via educational modules, junior doctors need
adequate experience and exposure to achieve procedural
competency [8].

Logbooks are used to facilitate training and supervision across
many fields of postgraduate medicine. In Australia and New
Zealand, logbooks are a mandatory requirement of the Royal
Australasian College of Surgeons, the Royal Australasian
College of Physicians, and the Australasian College for
Emergency Medicine [9-11]. Some evidence-based guidelines,
such as those published in the British Journal of Anaesthesia,
strongly recommend the use of logbooks in the training of CVC
insertion and maintenance [12]. Logbooks help clarify learning
objectives and can facilitate communication between the trainee
and their clinical supervisor. They encourage procedural
supervision of trainees and help supervisors know when a trainee
doctor is competent at performing a procedure independently
[13].

Paper-based logbooks have historically had poor compliance
as well as incomplete and invalid data entry [14]. On the other
hand, electronic logbooks have shown benefits including more
efficient data access and an increased ability for supervisors to
monitor trainees [15]. In many parts of the world, electronic
logbooks have replaced paper-based logbooks, with desktop
and website applications being used as their user interface
[16,17]. Despite its advantages, a computer-based platform can
have inconveniences of its own, with immediate accessibility
not always available to the logbook user and their supervisor.
In recent years, smartphones have become ubiquitous in
hospitals, with medicine-related mobile phone apps being used
daily for education and training and as a clinical aid [18]. It is
possible that a smartphone app could provide a convenient

platform for an electronic logbook for ICU-based procedures
such as CVC insertion.

Objectives
This study aims to determine if in a tertiary-level ICU, the
introduction of an app-based logbook, when compared to a
paper-based logbook, was associated with an increase in trainee
compliance with the logbook component of a CVC accreditation
program.

Methods

Design
This is a single-center, before-and-after, retrospective
observational study of prospective data of logbook compliance.

Setting and Participants
This study was conducted in the John Hunter Hospital ICU
between April 7, 2019, and April 6, 2021. The John Hunter
Hospital ICU is a 27-bed mixed medical and surgical unit in a
tertiary, university-affiliated teaching hospital. It has over 2000
admissions per year and has an average of approximately 1100
CVC insertions annually.

The John Hunter Hospital is accredited for ICU general, as well
as cardiothoracic surgery, neurosurgery, and trauma ICU training
by the College of Intensive Care Medicine of Australia and New
Zealand. Its junior medical roster accommodates 34 junior
doctors at different levels of training at any one time, who are
completing 3-month, 6-month, or 12-month rotations as part of
their postgraduate training.

The ICU established a formal accreditation program for CVC
insertion in 2013, introduced to improve patient safety and
reduce complication rates. In 2017, the program incorporated
a mandatory web-based training module followed by a practical
component.

To be accredited as an independent operator for a specific type
of procedure, trainees need to be supervised completing a
prescribed number of CVC insertions. Each insertion must be
logged by trainees in a communal, paper-based logbook. Each
entry must contain a minimum level of information and be
signed by a valid supervisor. A major limitation of the
paper-based logbook has been its poor accessibility to both
trainees and supervisors, contributing to poor trainee
compliance.

Intervention
In April 2020, a smart phone app was developed using
AppSheet, a low code mobile app builder [19]. The app was
introduced to the John Hunter Hospital ICU to increase the use
of the procedural logbook, previously limited to a paper-based
logbook kept in a communal folder. The app combined a
read-only daily unit roster with an interactive, updatable
procedural logbook.
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Interface design focused on rapid data entry, minimum text
requirements, and field-level automation. Individuals would
enter de-identified patient data regarding the CVC insertion
procedure using their mobile device, and the data would be
immediately uploaded to a secure, central, web-based database.
The app could be installed on both iPhone and Android
operating systems. The app was made available to all doctors
working in the unit from April 6, 2020, following a brief
introductory session. The session was repeated each 3-month
term for all new trainees rotating through the unit. The
paper-based logbook remained available to all trainees, and they
could use either the paper-based or app-based logbooks to create
new entries.

Variables
The primary outcome was compliance with the CVC insertion
logbook, as indicated by the number of logbook entries made
by trainees as a proportion of the total number of CVC insertions
documented in the patients’ electronic medical record (EMR)
before and after the introduction of the app-based logbook.

The secondary outcomes were as follows: (1) to assess the
quality of the information entered in the logbook by measuring
the number of supervisor-approved logbook entries, evidenced
by having a supervisor’s signature; (2) to assess trainee
participation by comparing the number of active logbook book
users in the before and after periods; and (3) to assess trainee
adherence by measuring the proportion of first-time logbook
users who logged 3 or more entries.

Data Collection
Data were collected from the EMR for all standard CVCs,
hemodialysis catheters, and peripherally inserted central
catheters inserted in the unit from April 7, 2019, until April 6,
2021. The data collected included the following: type of line
inserted, insertion time, ICU admission time, patient’s medical
record number, and insertion site.

Our inclusion criteria were the following: (1) CVCs (standard
central lines, hemodialysis catheters, and peripherally inserted
central catheter lines); (2) inserted within the ICU; (3) in adult
patients.

Our exclusion criteria were the following: (1) invasive lines
other than a CVC (eg, arterial line, pulmonary artery catheter,
extracorporeal membrane oxygenation catheter, and rapid
infusion lines); (2) CVCs inserted in patients younger than 18
years old; and (3) any CVC inserted outside of the ICU (eg,
emergency department, operating theatres, wards, and
prehospital).

Each CVC insertion documented in the EMR that met the
inclusion criteria and had none of the exclusion criteria was
recorded. The paper-based and app-based logbooks were then
interrogated looking for the relevant information about the CVC
insertion each logbook entry was meant to correspond with.
The data points of the EMR and logbook entries that had to
match were as follows: (1) patient’s medical record number,

(2) line type, (3) insertion site, and (4) date of insertion. Only
if all these variables were the same for both the EMR and the
logbook was the CVC insertion defined as having a
corresponding logbook entry.

For each insertion having a corresponding logbook entry, we
recorded additional data obtained from the logbook, including
the proceduralist’s name, the presence of a supervisor's
signature, and in which logbook, paper, or app did the entry
appeared. If the same entry appeared in both paper and digital
logbooks, its source was recorded as paper. Using hospital
records, we determined variables about the proceduralist
including their level of training and the amount of time working
at John Hunter Hospital ICU. A first-time logbook user was
defined as any trainee making a logbook entry in their first term
working in the John Hunter Hospital ICU.

All data, including those of the patients’ and the trainees’ who
performed the procedure, were de-identified and entered in a
purpose-built, password-protected, electronic database. Study
numbers were assigned to patients and trainees to minimize the
risk of de-identification.

We analyzed the database to determine the number of CVC
insertions in EMR having a corresponding logbook entry in the
before and after period, the presence of a supervisor’s signature,
and the details of the trainee who performed the insertion.

Study Size
For study size, 365 days before and after the introduction of the
app were included to allow the equal representation of all parts
of the training year.

Data Analysis
Descriptive statistics are reported as fractions and percentages.
Chi-square and Fisher exact tests were used to compare
categorical variables. A 2-sided P value of <.05 was considered
statistically significant.

Ethics
The Hunter New England Human Research Ethics Committee
approved an exemption for ethical review for the study given
its negligible risk (authorization AU202108-07).

Permission to access the paper logbook was granted by the
director of the unit as part of a quality assurance. The trainees
provided implied consent when installing the app for all data
entered to be collected and analyzed.

Results

Data Collection
A total of 2987 CVC insertions recorded in the EMR between
April 7, 2019, and April 6, 2021, were screened. Of these, 2161
were included, with 1059 in the before group and 1102 in the
after group. There was a total of 270 insertions that had a
corresponding logbook entry, 44 in the paper logbook and 226
in the app-based logbook (Figure 1).
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Figure 1. CONSORT diagram. CVC: central venous catheter; EMR: electronic medical record; ICU: intensive care unit.

The types of lines inserted and their insertion locations were
well matched at baseline in the before and after groups (Table
1).
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Table 1. Central lines recorded in the electronic medical record in patients admitted to the intensive care unit before and after the introduction of the
app-based logbook.

AfterBeforeLine type and insertion site

11021059Total number of lines n

Standard CVC,a n (%)

6 (0.5)2 (0.2)External jugular vein

168 (15.2)108 (10.2)Femoral

394 (35.8)377 (35.6)Internal jugular vein

3 (0.3)0 (0)Other

120 (10.9)169 (16.0)Subclavian

PICC,b n (%)

233 (21.1)222 (21.0)Basilic

37 (3.4)54 (5.1)Brachial

34 (3.1)38 (3.6)Cephalic

Hemodialysis catheter, n (%)

26 (2.4)27 (2.5)Femoral

80 (7.3)54 (5.1)Internal jugular vein

2 (0.2)2 (0.2)Other

5 (0.5)14 (1.3)Subclavian

aCVC: central venous catheter.
bPICC: peripherally inserted central catheter.

Study Outcomes
The rate of logbook entries increased after the introduction of
the app-based logbook (Figure 2).

Figure 2. Combined paper-based and app-based central venous catheter logbook entries per month.
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There was a statistically significant increase in the percentage
of logbook entries out of the total number of CVC insertions

documented in EMR, from 3.6% (38/1059) in the before group
to 20.5% (226/1102) in the after group (P<.001; Table 2).

Table 2. Percentage of central venous catheter insertions with corresponding logbook entries before and after the introduction of the app-based logbook.

P valueAfterBefore

N/Ab11021059Total number of CVCs,a n

<.001226 (20.5)38 (3.6)Corresponding logbook entry, n (%)

<.001876 (79.5)1021 (96.4)No corresponding logbook entry, n (%)

aCVC: central venous catheter.
bN/A: not applicable.

There was no difference in the proportion of entries containing
a supervisor’s signature from the total number of logbook entries

before and after the introduction of the app (P=.31; odds ratio
0.65, 95% CI 0.29-1.49; Table 3).

Table 3. Percentage of logbook entries before and after the introduction of the app-based logbook containing a valid signature.

P value95% CIOdds ratioAfterBefore

N/AN/AN/Aa22638Total number of logbook entries, n

.310.29-1.490.65188 (83.2)29 (76.3)Entries with valid supervisor signature, n (%)

aN/A: not applicable.

The number of unique trainees was 146, with 85 counted in the
“before” group and 86 in the “after” group. Moreover, 25
trainees were counted in both groups having worked in the John

Hunter Hospital ICU during both periods. The training level of
the participating trainees in both groups is summarized in Table
4.

Table 4. John Hunter Hospital intensive care unit junior doctors by level of training in the before and after time periods.

After, n/N (%)Before, n/N (%)Trainees

0/12 (0)4/15 (26)Senior registrar

15/28 (53)14/25 (56)Registrar

34/43 (79)39/41 (95)SRMOa

9/10 (90)4/4 (100)RMOb

aSRMO: senior resident medical officer.
bRMO: resident medical officer.

There was an overall increase in the rate of active logbook users,
from 15.3% (13/85) to 62.8% (54/86) of all trainees. Of these
active users, 10 (76.9%) qualified as first-time users in the
“before” group and 39 (72.2%) in the “after” group. There was
no significant change in adherence between groups with 60%
(6/10) first-time users in the “before” group and 79.5% (31/39)
in the “after” group going on to log at least 3 or more CVCs

during their time working in the unit (P=.20; odds ratio 0.39,
95% CI 0.09-1.71; Table 5)

Senior resident medical officers had the greatest increase in the
rate of logbook adoption following the introduction of the
app-based logbook, going from 5.9% (5/85) to 37.2% (32/86)
of all trainees in their first term making at least 1 logbook entry
(absolute risk increase 31.3%).
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Table 5. Adoption and adherence to a logbook. Total number of logbook users, first-time logbook users, and first-time users completing 3 or more
entries at John Hunter Hospital intensive care unit.

P value95% CIOdds ratioAfterBeforeLevel of training

N/AN/AN/Aa8685Unique trainees, n

Active users, n (%)

<.0010.05-0.220.1154 (62.8)13 (15.3)Total

4 (4.7)3 (3.5)Senior registrar

10 (11.6)4 (4.7)Registrar

32 (37.2)5 (5.9)SRMOb

8 (9.3)1 (1.2)RMOc

First-time users (3 or more entries) by total first-time users, n/N (%)

.200.09-1.710.3931/39 (79.5)6/10 (60)Total

0/0 (0)1/2 (50)Senior registrar

6/7 (85.7)0/2 (0)Registrar

21/24 (87.5)4/5 (80)SRMO

4/8 (50)1/1 (100)RMO

aN/A: not applicable.
bSRMO: senior resident medical officer.
cRMO: resident medical officer.

Discussion

Principal Findings
In this retrospective before-and-after study, the addition of a
mobile app-based logbook to an existing paper logbook resulted
in increased compliance among trainees to the logbook
component of a CVC insertion accreditation program without
reducing the quality and completeness of logbook entries. This
increase occurred without there being an increase in the total
number of CVC insertions documented in EMR. There was also
an increase in the number of active logbook users while
maintaining the same level of adherence.

There are several potential explanations for this observed
increase in logbook compliance among our study participants.
Smartphones have become ubiquitous in hospitals, with many
clinicians using mobile apps as a resource for instant access to
information and as clinical decision-making tools [18,20].

We have seen earlier studies show widespread uptake of
electronic procedural logbooks following their introduction
among trainee doctors [15,21,22]. The addition of a smartphone
app makes the digital logbook immediately available for rapid
data entry, saving the clinician additional time and energy and
allowing them to comply with the completion of their logbook.

There was no difference in the proportion of logbook entries
with a valid supervisor signature in the before and after periods,
demonstrating that the quality and completeness of the logbook
entry as perceived by the supervisors was not reduced, nor was
the level of overall supervisor interaction with the logbook
process. This means that the addition of a mobile app-based
logbook increased the quantity of entries while maintaining
quality and supervisor participation.

Junior trainee uptake was higher following the introduction of
the app, with the total number of active logbook users during
the “before” and “after” periods significantly increasing. This
indicates that the increased rate of logbook entries was due to
more trainees using the logbook rather than the same number
of trainees using the logbook more frequently. It reflects a higher
rate of adoption among trainees, which may be due to the
convenience and availability of the app, but also due to a
generational aspect with most trainees in the study likely to
have grown up with digital devices as part of daily life [23].
The increased uptake was more apparent in the senior resident
medical officer groups who tended to consist of more junior
doctors, and less so in the slightly more senior registrar groups,
potentially less conducive to change and acceptance of a new
process.

While the rate of new users can give some indication of the
app’s performance, it can be confounded by a high “churn” rate;
the rate of subscribers, in this case to a logbook, who discontinue
use early after their first interaction [24]. We observed an
increase in the number of first-time logbook users without
compromising the number going on to log multiple entries.
Features in the app such as recognition of procedural milestones
and automated emails may have contributed to a low churn rate
among trainees subscribing to the app-based logbook.

How Findings Are Different From Previous Knowledge
There are some important differences between previous research
and our study. The outcome measures of other studies did not
compare relative numbers of CVC insertions logged before and
after the introduction of an electronic-based system. Outcome
measures in previous studies included absolute numbers of
logbook entries, quality of data recorded, and survey-based
trainee feedback. Many were conducted using surgical trainees
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among whom procedural logbooks had been a long established
training requirement [15,21]. Although 1 study reviewed
logbooks already available as mobile phone apps [18], all others
focused on website-based logbooks. Moreover, some studies
were conducted before smartphones were widely in use
[15,16,21].

New and Relevant Data the Study Provides
This is the first before-and-after study directly comparing trainee
compliance to a procedural logbook in an ICU setting. Although
the benefits of electronic logbooks have been studied previously,
this is the first time a mobile app has been observed as an
intervention.

Meaning and Implications of the Study
While we have known about the utility of logbooks to facilitate
practical aspects of medical training for decades, their
application in real world clinical environments has been limited.
The inconvenience and time-consuming aspects of accessing
and maintaining a physical record is thought to be responsible
for the low compliance rate of trainees to their logbooks. This
is especially true in a busy ICU environment, where carrying
extra documentation or accessing a desktop computer may not
be feasible.

This study has shown a significant increase in compliance
among trainees in an ICU working toward accreditation in CVC
insertion when given the opportunity to use an app compared
with a paper logbook, while maintaining the same level of
supervision.

Although this was a single-center study, these findings could
be generalized to other similar units to ours because the app
would be the same everywhere.

Limitations
As a before-and-after study, the difference between the cohorts
may be due to factors other than just the introduction of the
logbook app. The introductory sessions for the app may have

increased awareness and enthusiasm toward the use of logbooks.
There may also be a component of “gizmo idolatry” among
junior staff; a conviction that a more technological solution to
a problem is intrinsically better than a less technological one
[25].

Additionally, the study only measured surrogate outcomes.
Patient-centered outcomes, namely CVC related complications,
were not directly tested. Trainee and supervisor satisfaction
were not addressed.

Unanswered Questions
A longer-term study is required to reduce the short-term effects
of early adoption of a new technology. A multiple unit study is
required to test the external validity of this study and for the
scalability of such an app-based logbook. Future research is
needed to assess an association between logbook compliance
and a reduction in CVC-related complications.

Conclusions
In this before-and-after study, when compared with a previous
paper-based system, the addition of a mobile app-based logbook
improved the compliance of junior doctors undertaking a CVC
insertion accreditation program in an adult intensive care unit,
at a tertiary level teaching hospital. There was a marked increase
in the number of logbook entries observed as a proportion of
all CVC insertions in the unit. Despite this increase, the quality
and completeness of entries was not affected. We also observed
an increase in the total number of active logbook users after the
introduction of the app, with no effect on the average number
of logbook entries per user. The more junior trainees accounted
for most of this observed increase, potentially signaling a greater
willingness to adopt new technologies than their more advanced
colleagues. Further studies on app-based logbooks in critical
settings are warranted to examine patient outcomes and trainee
satisfaction. With digital tools becoming increasingly common
in teaching hospitals, it is important to continue to research their
impact on medical training and education.
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Abstract

Background: Visual expertise refers to advanced visual skills demonstrated when performing domain-specific visual tasks.
Prior research has emphasized the fact that medical experts rely on such perceptual pattern-recognition skills when interpreting
medical images, particularly in the field of electrocardiogram (ECG) interpretation. Analyzing and modeling cardiology
practitioners’ visual behavior across different levels of expertise in the health care sector is crucial. Namely, understanding such
acquirable visual skills may help train less experienced clinicians to interpret ECGs accurately.

Objective: This study aims to quantify and analyze through the use of eye-tracking technology differences in the visual behavior
and methodological practices for different expertise levels of cardiology practitioners such as medical students, cardiology nurses,
technicians, fellows, and consultants when interpreting several types of ECGs.

Methods: A total of 63 participants with different levels of clinical expertise took part in an eye-tracking study that consisted
of interpreting 10 ECGs with different cardiac abnormalities. A counterbalanced within-subjects design was used with one
independent variable consisting of the expertise level of the cardiology practitioners and two dependent variables of eye-tracking
metrics (fixations count and fixation revisitations). The eye movements data revealed by specific visual behaviors were analyzed
according to the accuracy of interpretation and the frequency with which interpreters visited different parts/leads on a standard
12-lead ECG. In addition, the median and SD in the IQR for the fixations count and the mean and SD for the ECG lead revisitations
were calculated.

Results: Accuracy of interpretation ranged between 98% among consultants, 87% among fellows, 70% among technicians,
63% among nurses, and finally 52% among medical students. The results of the eye fixations count, and eye fixation revisitations
indicate that the less experienced cardiology practitioners need to interpret several ECG leads more carefully before making any
decision. However, more experienced cardiology practitioners rely on their skills to recognize the visual signal patterns of different
cardiac abnormalities, providing an accurate ECG interpretation.

Conclusions: The results show that visual expertise for ECG interpretation is linked to the practitioner’s role within the health
care system and the number of years of practical experience interpreting ECGs. Cardiology practitioners focus on different ECG
leads and different waveform abnormalities according to their role in the health care sector and their expertise levels.
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Introduction

Visual expertise refers to advanced visual skills demonstrated
when executing domain-specific visual tasks [1]. Understanding
health care practitioners’visual expertise is crucial in clarifying
how to best acquire accurate interpretations of medical images.
Visual expertise may be gained through clinical experience,
active learning, or teaching. In the context of this study, we
shed light on the visual skill of electrocardiogram (ECG)
interpretation and, more specifically, on the methodological
practices used by cardiology practitioners when conducting
visual 12-lead ECG interpretations [2,3]. State-of-the-art visual
expertise research has primarily focused on the medical image
interpretations of x-rays, mammograms [4,5], and computed
tomography and magnetic resonance imaging scans [6,7]. This
study is one of few others [3,8-11] that explores how visual
expertise contributes to the accuracy of ECG interpretation.

The importance of conducting this study stems from the fact
that the ECG is one of the most used medical tests in modern
medicine, reaching over 300 million ECGs done annually in
the United States alone [12]. In addition, accurate interpretation
remains a challenge since there appears to be significant
erroneous interpretation rates among nurses, residents, and
fellows [3]. Another challenge facing ECG interpreters is the
variation in the interpretation procedures and guidelines across
different regulating bodies and institutions [13]. Thus, there is
a need for additional insights to establish better educational and
working practices that suit the different expertise levels of
cardiology practitioners to acquire the essential skills for
accurately interpreting the ECG. Previous studies focusing on
visual expertise in ECG interpretation have mainly restricted
their emphasis to the visual aspect of interpretation. Those
studies focus primarily on generating eye movement heat maps
and statistical data [3,8-11]. However, those same studies lack
a discussion on the link between the observational visual
behavior of the interpreter and the ECG diagnosis strategy, a
critical element that contributes to an accurate ECG
interpretation [3].

This study extends the results of our initial work [14-19] under
the theme of where does the use of technology fall in the medical
landscape. More precisely, one of our studies [14] is aimed at
understanding how medical students start to acquire the skill of
ECG interpretation. This study focuses more on the cardiology
practitioners who interpret ECGs as part of their daily clinical
practice. The essence of this study is to pave the way for
understanding the link between observational visual behavior
and final ECG diagnostics as an element of visual expertise for
ECG interpretation. The objective of our study is to quantify
and analyze, using eye-tracking technology, differences in
cardiology practitioners’visual expertise in ECG interpretation.
This quantification is done considering the number of years of
practitioners’ clinical experience as they advance their medical
careers. To reach this objective, we identify eye-tracking metrics

that serve this purpose and provide insights into interpretation
methodological strategies underpinning accurate ECG
interpretation. We then conduct an eye-tracking study with five
different categories of cardiology practitioners with different
expertise levels. The quantitative results provide insights into
interpretation methodological strategies underpinning accurate
ECG interpretation, which varies according to the number of
years of practical experience in ECG interpretation. Finally,
ECG interpretation trends among the pool of participants are
unveiled by creating matches between eye fixation heat maps
and other eye-tracking metrics.    

Methods

Hypotheses
Related works focusing on the relationship between visual
expertise, ECG interpretation [3,8-11], and other clinical fields
[4-7] requiring medical images interpretation were taken into
consideration before creating the following hypotheses. The
eye-tracking study by Davies et al [10] especially inspired our
second and third hypothesis as the authors noted that
experienced interpreters adopt a duel processing model of ECG
interpretation. Additionally, the study by Wu et al [3] also
emphasized this nuance among different categories of medical
practitioners. The following are our three hypotheses:

1. There exists a significant quantifiable difference in the
accuracy of the interpretation of each expertise level
category of participants as they gain more years of
experience.

2. There is a significant correlation between the number of
years of participant’s experience, depicted by their
cardiology practitioner roles, and their fixations’ behavior
around specific areas of the ECG, demonstrated by the
fixations count.

3. There is a significant correlation between the number of
years of participant’s experience, depicted by their
cardiology practitioner roles, and their eye movement
transition frequency between different parts/leads on the
standard 12-lead ECG, demonstrated by fixation
revisitations.

Study Design
The conducted study uses eye-tracking technology to quantify
and understand differences in human visual behavior during
ECG interpretation. With different clinical roles in the health
care sector, recruited participants were tasked with interpreting
10 ECGs with different types of cardiac abnormalities. During
their interpretation, their eye movements were recorded using
an eye tracker and the collected eye movements data was
analyzed quantitatively. Participants were also tasked with
selecting their final diagnosis for each ECG from among four
available choices or writing down a diagnosis other than those
proposed. The choices for each ECG are available in Multimedia
Appendix 1.
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The experiment used a counterbalanced within-subjects design
with the following one independent variable: the expertise level
of the cardiology practitioner. This can be quantified as a
categorical variable based on the number of years of ECG
interpretation experience, as described in Table 1. Medical
practitioners may also be placed in one of the clinical
categories/roles highlighted in Table 1.

Two measured dependent eye-tracking variables were expected
to change when the independent variable changed. These two
variables are measured according to our definition of grid-based
areas of interest (AOIs). A sample grid-based AOI applied to
the normal sinus rhythm ECG can be referred to in Multimedia
Appendix 2. Our explanation behind our choice for the
grid-based AOIs can be found in our previous work [14]. The
following are the two dependent variables:    

• The average fixations count for each ECG lead for each
category of participant

• The average fixation revisitations for each ECG lead for
each category of participant

The experiment also had one control variable. The time given
for each participant to look at each ECG was limited to 30
seconds. This time limit allowed for all categories of participants
to be held to the same standards in terms of the amount of time
given for them to analyze each case. This time limit was chosen
by consulting the cardiology consultant and professor involved
in designing this experiment. The time is also supported by
studies investigating the choice of this parameter within different
categories of medical practitioners such as medical students and
consultants. The time allowed for scanning an ECG was found
to have no statistically significant effect on the result of the
diagnosis [20]. It was also found that there is a negative
correlation between the duration spent looking at an ECG and
the accuracy of the final interpretation provided [21].

Table 1. Corresponding variables to each hypothesis.

Dependent variableIndependent variableHypothesis

Accuracy of interpretationYears of experienceHypothesis 1

Fixations countYears of experienceHypothesis 2

Fixation revisitationsYears of experienceHypothesis 3

Participants
Table 1 summarizes the demographics of the participants
included in this study. A total of 63 participants with varying
ECG interpretation expertise were recruited from a university
campus and a cardiac hospital. Participants were recruited based
on their medical category represented by their job title/role in
clinical practice. The mean age was 28 (SD 4) years. In addition,
participants were asked to provide an approximation of their
years of work experience in ECG interpretation. The medical
categories are defined as follows:

• Junior medical students: those in a preclinical curriculum
• Senior medical students: those in a clinical curriculum
• Nurses: nurses either serving in the catheterization

laboratory or the cardiac care unit
• Technicians: cardiovascular technologists working in a

cardiac catheterization laboratory
• Fellows: physicians undergoing postgraduate training in

cardiology
• Cardiology consultants: board-certified independent

cardiology practitioners

Stimuli Design
The ECG stimuli were acquired from the collection belonging
to the cardiology consultant involved in designing the
experiment. Since the study is motivated by quantifying visual
behavior across different expertise levels of different health
care practitioners, we selected ECGs commonly encountered
by all those categories in their day-to-day medical practice [22].
The ECGs sampled are defined in Multimedia Appendix 3. We
limited our selection to 10 representative ECG cases.

Apparatus
A Tobii Pro X2-60 eye tracker and iMotions version 8.1
software [23] were used to track eye movements with a
frequency of 60 Hz (±1 Hz). In addition, keyboard presses and
mouse input were recorded to register the participants’ responses
showing their final diagnosis for each ECG. The study was
conducted on a 25-inch diagonal laptop monitor with a
resolution of 1366 by 768 pixels.

Ethics
This study received institutional review board approval from
the ethical board of both the Qatar Biomedical Research Institute
at Hamad bin Khalifa University [24] under the research
protocol number QBRI-IRB-2020-01-009 and the Hamad
Medical Corporation under the research protocol number
MRC-02-20-714. Approvals were granted before the start of
the experiment. Institutional review board approval guarantees
that all study methods were conducted following the guidelines
and recommendations of international regulatory agencies [24].

Analysis

Hypotheses Testing Methods
The three hypotheses regarding participants’ visual behavior
toward ECG interpretation were tested as follows.

Analysis Method for Testing Hypothesis 1

To test the first hypothesis, interpretations were assessed for
participants’ accuracy by determining if they chose the correct
ECG diagnosis from among the four offered choices. Analyzing
the participants’ accuracy of interpretation scores using the
Cramér V statistical test contributed toward constructing a clear
understanding of how much the interpreters understood the ECG
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signals and its waveform abnormalities presented to them
throughout the 10 ECG cases.

Analysis Method for Testing Hypothesis 2

To test the second hypothesis, interpretations were assessed for
the frequency with which the participants fixated on ECG
images. This assessment was done by comparing eye movement
behavior for the five categories. Eye movement was quantified
using a median fixations count for each participant. A prior
study showed that the average duration for one fixation ranged
from 150 to 300 milliseconds [25]. Although the average
fixation duration span has a fixed range, the fixation count
provides a more accurate depiction of the interpreter’s attention.
The fixations count number represents the interpreter’s
engagement with different ECG leads suggesting that the greater
the median fixation duration, the greater the level of engagement
[3].

Analysis Method for Testing Hypothesis 3

To test the third hypothesis, interpretations were assessed for
the frequency with which the interpreters revisit different areas,
or leads, in the ECG. This was done by comparing each
participant’s average ECG lead revisitation among the five

categories. A lead revisitation is defined as the interpreter
fixating again on a particular lead after visiting it previously.

Results

Results for Testing Hypothesis 1
Figure 1 summarizes the accuracy of the participants’ answers
across the 10 showcased ECGs. Consultants are the most
accurate interpreters, with an accuracy percentage of 97.8%.
Fellows are the second most accurate, with an overall accuracy
of 87%, followed by technicians with an accuracy of 70%.
Nurses were the least accurate of those with working experience,
with an accuracy of 63%. Finally, medical students were overall
the least accurate category with an accuracy of 52.2%. A
chi-square test was conducted since the interpretation response
data is dichotomous. The obtained P value was .02, which shows
that there is a statistically significant difference in interpretation
accuracy between the five categories. To calculate the effect
size of the chi-square independence test, we used the Cramér
V, providing a value of 0.36 that indicates a weak association
between the categories. Although some ECGs were easy to
interpret correctly (eg, the normal sinus rhythm), other ECGs,
including the ventricular paced rhythm and the left bundle
branch block, were harder to interpret correctly.

Figure 1. Accuracy of the participants’ answers across the 10 showcased ECGs. ECG: electrocardiogram.
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Results for Testing Hypothesis 2
Table 2 summarizes the median and SD from the IQR for the
total fixations count per participant for all leads in the ECG.
The fixations data follows a nonnormal, left-skewed distribution.
Total fixation counts were calculated for the 10 ECGs for 300
seconds. Table 2 also includes the median and SD from the IQR

for the fixation count per lead across all 10 ECGs. Consultants
are the category with the lowest number of fixations, while
medical students have the highest number of fixations. Applying
the Kruskal-Wallis test to the total fixations count data resulted
in a P value of .03, which showed there is a statistically
significant difference in participants’ fixation count.

Table 2. Demographics for the participants included in the eye-tracking study.

Participants, nFeature and demographics

Medical category

9Medical students (junior year)

10Medical students (senior year)

11Fellows

10Technicians

14Nurses

9Consultants

Age (years)

1020-23

923-25

2126-30

1130-35

1235-45

Gender

51Male

12Female

Years of experience

100 years

91 year

152-5 years

225-10 years

7≥15 years

Results for Testing Hypothesis 3
Table 3 summarizes the median total fixations count per
participant and median fixation count per lead per participant,
while Table 4 summarizes the mean and SD of the ECG lead
revisitations for each category of participants. The ECG lead
revisitations data follows a normal distribution. On average,
technicians are the category of participants with the highest
number of revisitations for each lead with an average of 3.61

revisitations, while consultants are the category that revisits a
lead the least with an average of 2.01 revisitations. However,
based on the SD results, variation among participants in the
same category was the highest among nurses and the lowest
among technicians. A one-way analysis of variance test was
applied to the data, showing an F value of 30.56, which is larger
than the critical F value (2.36). We measured the effect size

using the Eta squared formula and the result is η2=0.36.
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Table 3. Median total fixations count per participant and median fixation count per lead per participant.

Fixation count per lead for each ECGFixations count per participant (for all ECGsa)Category

SD from the IQRMedianSD from the IQRMedian

5.019.9314112829Medical students

1.2710.833012535Technicians

3.969.4910312444Nurses

2.529.125792135Fellows

3.956.577941385Consultants

aECG: electrocardiogram.

Table 4. Average electrocardiogram (ECG) lead revisitation per participant for every category.

ECG lead revisitation per participantCategory

SD (σ)Mean (μ)

0.063.61Technician

1.603.25Nurse

0.852.90Medical students

0.672.55Fellow

0.982.01Consultant

Discussion

Insights From the Eye-Tracking Results
The results indicate that the interpreter’s expertise, revealed by
the number of years of work experience in ECG interpretation,
is the primary influence for both the accuracy of ECG
interpretation and the acquired visual expertise strategies.
Through the analysis of the three hypotheses, three main
findings were confirmed.

First, the accuracy of ECG interpretation correlates with the
expertise level of the participant. The results confirm the first
hypothesis by indicating that consultants are the category with
the most accurate interpretations, while medical students are
the category with the least accurate interpretations. In between
these two extremes are nurses, technicians, and fellows.

Second, as expertise for participants increases, participants’
fixations count on ECG signal waveform abnormalities
decreases. This finding translates into participants fixating on
the overall ECG for less time while not compromising the
accuracy of the interpretation. This finding confirms the second
hypothesis.

Third, the results for testing hypothesis 3 confirm that medical
practitioners observe and focus on certain ECG leads and

waveform abnormalities according to their role in the health
care sector and their expertise level. Figures 2 and 3 show
sample aggregate heat maps for the differences in fixation
distribution across the left bundle branch block and the complete
heart block ECGs between the studied categories. The results
from the third assessment aiming to confirm the third hypothesis
indicate that both consultants and fellows target their fixations
on specific leads to identify the correct ECG diagnosis. This
finding was also confirmed by looking at the heat maps for
different categories across different ECGs other than the ones
in Figures 2 and 3. However, nurses and technicians thoroughly
interpreted the ECGs systematically by scanning through all 12
leads and primarily looking at abnormalities in the ST segment
and wide QRS complex. This finding explains the high number
of fixations per lead measured by the fixations count. This
behavior may be because nurses are usually not extensively
trained to interpret the ECG the way cardiologists do for a
diagnosis but to ensure that signs of imminent heart attacks are
not missed. The heat maps of medical students indicate that
they randomly fixate on the waveform abnormalities that they
first perceive and then continue to transition from one lead to
another until the 30-second time limit is over. This finding
justifies medical students having the highest number of fixations
per ECG case. Heat maps for all the categories of interpreters
and all the ECGs can be found in Multimedia Appendix 4.
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Figure 2. Sample aggregate heat maps showing differences in fixation distribution across the left bundle branch block ECG between the studied
categories. ECG: electrocardiogram.

Figure 3. Sample aggregate heat maps showing differences in fixation distribution across the complete heart block ECG between the studied categories.
ECG: electrocardiogram.

Conclusion

Concluding Remarks
This paper presents a quantitative analysis of the ECG
interpretation visual behavior of different health care
practitioners. These health care practitioners belonged to five
different categories: medical students, nurses, technicians,
fellows, and consultants. Eye-tracking data for these categories

were collected while they each interpreted a total of 10 ECGs.
Specific eye-tracking metrics such as fixations count and
fixation revisitations were quantitatively analyzed for each lead
in the standard 12-lead ECG and across all ECGs. This analysis
was done to meet the objective of quantifying, using eye
tracking, medical practitioners’ visual expertise strategies in
ECG interpretation as they advance in their medical careers.
The main findings relate to how accurate each medical category
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is in ECG interpretation when considering their eye movements
and visual behavior. The accuracy of the final ECG diagnosis
was also associated with the expertise level of participants.
Moreover, the increased level of participant expertise made
experienced practitioners require less time to fixate on ECG
abnormalities and decreased fixation counts, leading to correct
diagnoses. Lastly, medical practitioners focus on certain ECG
leads and specific waveform abnormalities according to their
role in the health care sector and their expertise level.

Study Limitations and Future Works
Since eye-tracking data is idiosyncratic to every interpreter, a
sample size of approximately 60 participants from different
categories may not be representative enough. Sample size
determination depends on what the designers of the study aim
to represent. Recruited sample size may therefore vary according
to the targeted population, CIs, and interpreters’ confidence

level in their responses. Based on these uncontrollable factors,
recruiting more participants and increasing the number of
medical practitioner categories are necessary. We addressed
this by recruiting a diverse and reasonable number of health
care practitioners, but including larger numbers of participants
in future work would contribute to a better understanding of
visual expertise in ECG interpretation and understanding how
different health care practitioners with different roles and
expertise levels interpret ECGs. The richness of the study’s
collected eye movement data has the potential to be further
analyzed using machine learning algorithms to deeply reveal
differences in visual behavior among the different categories
of medical practitioners. We also plan on experimenting with
more subtle examples of ECG diagnoses such as
nonspecific/incomplete abnormalities and see how the experts
deal with conflicting or vague data.
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Abstract

Background: Diabetes and its complications account for 10% of annual health care spending in the United Kingdom. Digital
health care interventions (DHIs) can provide scalable care, fostering diabetes self-management and reducing the risk of
complications. Tailorability (providing personalized interventions) and usability are key to DHI engagement/effectiveness.
User-centered design of DHIs (aligning features to end users’needs) can generate more usable interventions, avoiding unintended
consequences and improving user engagement.

Objective: MyDiabetesIQ (MDIQ) is an artificial intelligence engine intended to predict users’ diabetes complications risk. It
will underpin a user interface in which users will alter lifestyle parameters to see the impact on their future risks. MDIQ will link
to an existing DHI, My Diabetes My Way (MDMW). We describe the user-centered design of the user interface of MDIQ as
informed by human factors engineering.

Methods: Current users of MDMW were invited to take part in focus groups to gather their insights about users being shown
their likelihood of developing diabetes-related complications and any risks they perceived from using MDIQ. Findings from
focus groups informed the development of a prototype MDIQ interface, which was then user-tested through the “think aloud”
method, in which users speak aloud about their thoughts/impressions while performing prescribed tasks. Focus group and think
aloud transcripts were analyzed thematically, using a combination of inductive and deductive analysis. For think aloud data, a
sociotechnical model was used as a framework for thematic analysis.

Results: Focus group participants (n=8) felt that some users could become anxious when shown their future complications risks.
They highlighted the importance of easy navigation, jargon avoidance, and the use of positive/encouraging language. User testing
of the prototype site through think aloud sessions (n=7) highlighted several usability issues. Issues included confusing visual cues
and confusion over whether user-updated information fed back to health care teams. Some issues could be compounded for users
with limited digital skills. Results from the focus groups and think aloud workshops were used in the development of a live MDIQ
platform.
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Conclusions: Acting on the input of end users at each iterative stage of a digital tool’s development can help to prioritize users
throughout the design process, ensuring the alignment of DHI features with user needs. The use of the sociotechnical framework
encouraged the consideration of interactions between different sociotechnical dimensions in finding solutions to issues, for
example, avoiding the exclusion of users with limited digital skills. Based on user feedback, the tool could scaffold good goal
setting, allowing users to balance their palatable future complications risk against acceptable lifestyle changes. Optimal control
of diabetes relies heavily on self-management. Tools such as MDMW/ MDIQ can offer personalized support for self-management
alongside access to users’ electronic health records, potentially helping to delay or reduce long-term complications, thereby
providing significant reductions in health care costs.

(JMIR Hum Factors 2022;9(1):e29973)   doi:10.2196/29973

KEYWORDS

diabetes mellitus; digital health intervention; eHealth; artificial intelligence; user-centred design; human factors; think aloud

Introduction

Diabetes is a chronic disease affecting an estimated 463 million
adults worldwide [1], with global spending related to diabetes
and its complications exceeding US $800 billion annually [2].
Good control of diabetes decreases the risk of associated chronic
complications [3]. Digital health interventions (DHIs), delivered
through interactive websites and mobile apps, have the potential
to harness the omnipresence and growing computational power
of electronic devices for the self-management of chronic
diseases [4-6]. Usability and “tailorability” are known to
improve user acceptability and engagement with DHIs [7,8]
and, therefore, potentially, their effectiveness. A relatively small
number of studies have so far been published on DHI usability
[9], partly due to many such interventions being developed by
commercial companies [10]. Fewer still have sought to include
“end users” in usability testing.

The UK government’s “Five Year Forward View” encourages
and enables individuals to take greater responsibility for their
health through the use of eHealth or mobile health services [11],
a sentiment that is mirrored in most high-income nations. This
drive has become more pressing due to the impact of COVID-19,
which has altered care models for people with diabetes (PWD)
[12], necessarily shifting the focus towards remote care [13].
Among all chronic conditions, diabetes is possibly the most
amenable to the use of DHIs in scalable follow-up care [14,15].
Many of the challenges faced by people in managing their
diabetes occur “in the moments of everyday life” [15] when a
DHI has the potential to deliver targeted and timely assistance.

Considering how crucial usability is for a DHI, it is concerning
that a recent evaluation of four top-rated diabetes apps found
that they all suffered from usability problems, many of which
were “very serious” [16]. User-centered design of health
interventions explicitly involves end users in their design,
development, and evaluation [14,17]. This approach has the
potential to produce more acceptable and usable DHIs [18] by
ensuring from the outset that an intervention is targeted to end
users’ needs [19,20]. The use of iterative design cycles, which
include end users at each stage of product development, is also
recognized as being important in developing usable DHIs [10].
Gaining a good understanding of the context in which specified
users will interact with the product is also important [21].

Sittig and Singh’s sociotechnical model [22] was developed to
allow the social context of digital health care tools to be linked
to the technical component, and it recognizes that the two
components influence one another [23]. It has previously been
adapted by others to examine a range of different health care
technologies, including patient-facing portals and health apps
[24-26]. It allows for different sociotechnical dimensions to be
dismantled for the purposes of examining them but also
encourages consideration of the relationships between
dimensions [23]. The sociotechnical approach encompasses a
human factors engineering approach, which attempts to optimize
users’performance of tasks whilst making allowances for human
capabilities and limitations in complex environments [27].

In recent times, it has become possible for artificial intelligence
(AI), including machine learning (ML) algorithms, to underpin
DHIs. ML algorithms analyze large data sets to detect patterns
in data [28]. They can generate predictive models, the outputs
of which can support decision-making by users [29] and include
predictions of future risks. Effective communication of risk
within a DHI must take into account end users’ health literacy
and numeracy [30]. In addition, DHI interfaces should adhere
to evidence-based recommendations for the presentation of
complex risk information to patients (eg, use of plain language
and use of absolute rather than relative risk) [26,30].

My Diabetes My Way (MDMW) [31,32] is a DHI (interactive
website and app) for PWD and their carers. It contains resources,
including tailored information based on users’ health/lifestyle
data, interactive educational resources, and videos, as well as
access to users’clinical data. MDMW has been used in Scotland
since 2008 and has more recently (since 2018) been deployed
in several National Health Service (NHS) Trusts in England (ie,
Somerset, Northeast London, Lancashire, South Cumbria,
Cheshire, and Merseyside), where it is known as MyWay
Diabetes. MDMW takes a subset of data from primary and
(where possible) secondary care. These include key diabetes
indicators (eg, glycated hemoglobin [HbA1c], blood pressure,
and BMI), as well as eye and foot screening results, medication,
and clinical correspondence. It provides users access to these
records, as well as tailored advice and targeted resources based
on each user’s status. History graphs permit individuals to
interrogate their data and progress over time. One area of the
site (the “managing your condition” page) alerts users to missed
screening visits (based on the Diabetes UK “15 Healthcare
Essentials” [11]). Patients can manually enter home-recorded
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data (eg, weight, blood pressure, and blood glucose) and set
their own health and lifestyle goals.

An AI-augmented version of MDMW is being developed
through linkage to the MyDiabetesIQ (MDIQ) analytics and
reporting engine. MDIQ is linked to a knowledge base of
approximately 70 validated machine learning models. It uses
information from health care records (ie, linkages with
hospital/general practitioner information technology systems)
and home recordings (eg, Fitbit activity and home blood glucose
data), driving predictive analytics. MDIQ models were
developed in two ways: (a) using individual literature-published
models and (b) meta-models derived from literature-published
models, but delivering improved performance. Models were
revalidated and tested in Scottish diabetes data sets, including
NHS Greater Glasgow and Clyde (n=105,000) and Northwest
London data sets (n=145,000). Proposed novel features
underpinned by MDIQ include: (1) presenting users with their
predicted risk of diabetes-related complications (based on their
clinical and lifestyle data), (2) allowing users to visualize how
lifestyle changes could impact their risk, (3) and providing
ongoing, tailored feedback on progress toward users’own goals.

This study aims to provide an overview of the iterative design
process of the enhanced interface of this DHI and how human
factors have informed system development using the
sociotechnical model as a theoretical framework [22]. MDIQ
AI models underpinning these additional features will be
described in greater detail in a separate publication.

Methods

Focus Groups
Potential focus group participants were identified via local
patient and public involvement (PPI) groups whose members
had previously expressed an interest in taking part in
diabetes-related research and who had consented to be contacted.
Initial email contact was made by local research nurses.
Interested patients were directed to contact the researcher for
further information and to complete the consent process. Two
of the authors (CS plus one other) moderated the focus group
sessions, which were held in meeting rooms within a local
private venue or hospital. Sessions were guided by an interview
schedule (Multimedia Appendix 1) and screenshots of early
designs (for a new-look homepage, goal-setting area, and novel
risk prediction tool).

Focus groups were audio-recorded and later transcribed
verbatim. NVivo 12 software (QSR International Ltd) was used
to organize and code the textual data, which were analyzed
using inductive thematic analysis [33]. In an effort to reduce
bias, qualitative data were coded by 2 authors, a researcher (CS)
and a clinician (NC). Any conflicts in coding decisions were
reviewed by both and resolved by discussion and consensus
[34].

Where participants are quoted in the text, they are referred to
by the number of the focus group they attended and their
participant number (eg, FG1P1 = focus group 1, participant 1),
along with their sex, age, and diabetes type.

NHS Health Research Authority Research Ethics Committee
approvals were obtained (IRAS number: 258231).

Think Aloud Workshops
Focus group participants were invited back to attend workshops
to user test a prototype site, the development of which was
guided by focus group findings. Not all participants returned;
therefore, several additional participants were recruited from
the original PPI list. Workshops followed the “think aloud”
method [35,36]. In this method, the participant is asked to
explain their thinking, opinions, actions, and reactions as they
perform several prescribed tasks [9]. Tasks given to users
(Multimedia Appendix 2) represented common actions for which
the system would eventually be used. Several tasks were similar
to actions that participants would be familiar with when using
the existing MDMW site. Other tasks were novel, relating to
unique MDIQ-augmented features. All tasks were validated by
2 of the authors (CS and NC) and collaborator Louise McIver.

Think aloud sessions took place in August 2020 and were
conducted remotely due to COVID-19 restrictions at the time
of the sessions. A schematic of the set-up for remote user testing
is shown in Figure 1. Each participant was sent a Blackboard
Collaborate link several days prior to their session. Blackboard
Collaborate was chosen because no special software download
was required by participants, who could then easily screen share.
Sessions were recorded by the moderators, with participants’
screens and speech captured simultaneously. Two moderators
were present in each session: one (CS) introduced the activity,
recorded the session, and made notes; the other (Louise McIver)
gave instructions for think aloud tasks and encouraged the
participant to continue to speak if they became quiet for too
long.
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Figure 1. Schematic showing how think aloud method was performed remotely, using Blackboard Collaborate Ultra for the meeting environment.
MDIQ: MyDiabetesIQ.

Video recordings of sessions were later transcribed verbatim,
and each transcript was annotated with observations (eg,
position/activity of the user’s cursor). A combination of
deductive and inductive thematic analysis was employed [33].
Text fragments relating to usability problems were mapped onto
all relevant dimensions of the sociotechnical model [22] (ie,
human-computer interface, clinical content, workflow and
communication, people, and hardware and software), which
became the major themes. Within each of the dimensions, an
inductive approach was used to identify subthemes that were
generated from the data. Qualitative data were coded by 2
authors, a researcher (CS) and a clinician (NC). Any conflicts
in coding decisions were reviewed by both and resolved by
discussion and consensus [34].

Where participants are quoted in the text, they are referred to
by participant number (eg, TA_P1), along with their sex, age,
and diabetes type.

The think aloud component of the study was deemed to be
“service evaluation;” therefore, ethics approval was not required.

Results

Focus Groups

Focus Group Participant Demographics
Two focus groups were conducted in November 2019 and
January 2020 in two different regions of Scotland, with a total
of 8 participants. There were 2 participants in the first group
and 6 in the second group, giving a total of 8 participants. Most
participants were male (6/8, 75%), a majority (5/8, 63%) had
type 1 diabetes (T1D), and 3 (37%) had type 2 diabetes (T2D).
The mean age was 64 years (range 49-83 years), and the mean
time since diagnosis was 22 years (range 5-58 years). The
average recording length of focus group sessions was 64 min.

Thematic Analysis
Themes and subthemes generated from focus group transcripts
through inductive thematic analysis are highlighted in Figure
2. These are discussed below in relation to novel features of the
MDIQ-augmented site.
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Figure 2. Themes and subthemes identified from focus group discussions.

Potential to Empower Users

The majority of participants (5/8, 63%) felt that some proposed
new MDMW features had the potential to empower users. For
example, one novel feature described to participants during
focus groups was the potential for users to set their own goals
via the system and then receive ongoing tailored feedback on
progress made toward goals. Two (25%) participants felt that
this could help to empower users. An example of this sentiment
is given below:

You’d set your weight goal and then say ‘every week
I’m going to step on the scales,’ and then you’d put
it in. It could be a useful tool as a specific thing.
Especially if your doctor has wagged their finger at
you. [FG2P1, male, age 58, T1D]

In the case of a proposed new risk prediction tool, which would
display a user’s future risk of developing diabetes-related
complications and allow them to alter sliders representing
lifestyle choices to see how this impacts their risk, 5 (63%)
participants felt that this had the potential to empower users by
arming them with information, allowing them to take control:

You’ve got the recipient taking decisions and setting
their own targets...That might go down well with some
folk. Very much so. [FG1P2, male, age 83, T2D]

…that’s what you want. With diabetes, in particular,
you want the patient to have control themselves.
[FG1P2, male, age 83, T2D]

Those participants who were positive about the risk prediction
tool saw it as a way of facilitating users setting appropriate
goals.

Potential to Elicit Negative Feelings

Despite the acknowledgment that users could be empowered
by proposed features, 6 (75%) participants also felt that these
could have undesirable effects such as eliciting negative feelings,
including users becoming anxious or feeling as though they had
“failed.” In the case of goal-setting with ongoing feedback, there
were concerns about the consequences if a user did not achieve
their goals and that this might produce feelings of failure:

I’m always wary about giving folk targets—what if
they don’t make the target? There is a consequence.
[FG1P2, male, age 83, T2D]

I looked at it last night, and it said, ‘your height is
this, and your weight is that.’ It says, ‘you are
overweight.’ Now I was overweight by 200g! You
know? But it said, ‘You are overweight. You’ve failed.
You’ve failed.’And that’s down to the language that’s
in there. (referring to how the current MDMW system
reports the user’s current weight). [FG2P1, male, age
58, T1D]

It was pointed out by 3 (38%) participants that goals should be
“achievable” and “safe” and that some guidance may be needed
on what constitutes a realistic goal. This would help to mitigate
against risks:

Yes, because they could be setting themselves up for
failure just by making it [the goal] unrealistic.
[FG2P3, female, age 62, T1D]

For those of us who are patients—we should agree
the goal with the clinician. My goal is: ‘I want to
shave down my HbA1c or lose a few pounds or drive
down my cholesterol’ or whatever it might be. If they
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say, ‘yes, you could maybe do that in the next 4
months’ [sic]. I think it could be dangerous if you
could randomly set your own goals. [FG2P1, male,
age 58, T1D]

Although recognized as potentially empowering for users, the
risk prediction tool was seen by 4 (50%) participants to have
the potential to cause anxiety (or to exacerbate existing health
anxieties) due to users’ risks being revealed to them:

You can have a toggle to say ‘I don’t want to see that,’
but again if someone is worried—is a natural
worrier—then they would click ‘yes, I want to see that
kind of information’ and then it’s a positive—or a
negative—feedback. [FG1P1, male, age 62, T2D]

If folk are prone to worry about things, it could make
it worse. But for most of us we’re quite pragmatic
about it when you’ve had diabetes for a while.
[FG2P5, female, age 49, T1D]

Newly diagnosed users were regarded by 4 (50%) participants
as a special group, who may feel more worried than other users
when their future risks are revealed to them. However, it was
also felt that they could be the group who could benefit the most
from this information:

New folk—it might scare them a bit, but…you can’t
have too much information. [FG2P5, female, age 49,
T1D]

For newly diagnosed people, it would be really useful,
and I would have found this—yes scary—but still
giving me more information. [FG2P1, male, age 58,
T1D]

Language Is Important

In terms of mitigating any anxiety arising from using the risk
prediction tool, 5 (63%) participants agreed that the use of
positive and encouraging language would be vital:

I think you have to say that because it is lifestyle
parameters, all of those can be addressed. [FG2P1,
male, age 58, T1D]

Yes, so it’s not all doom and gloom. This is what it
would look like if you carry on, but there is a process
for improving on that. [FG2P2, male, age 66, T1D]

In order to further mitigate against anxiety about complications
risk, 3 (38%) participants felt that users should be provided with
extra guidance, such as information or a link alongside the risk
prediction tool, directing them to mental health advice or
suggesting that they speak to their health care provider (HCP)
if they are concerned about what they have seen:

People choose whether to see that or not, but if they
do choose to see it, and the results are bad, then you
could maybe put a link in or something to take them
to the mental health questionnaire. [FG1P1, male,
age 62, T2D]

How difficult would it be [for the site developers] if
you’re on it and you want to click on a link for
support, like your diabetic nurse or your clinic?
[FG2P6, male, age 64, T2D]

“Look and Feel” of the Site

The “look and feel” of the site was also considered important
by 4 (50%) of the participants. Discussions on this theme fell
into two subthemes: (1) that images and icons would be
preferable to large blocks of text (or lists of data) and (2) that
navigation should be easy and intuitive:

…you end up with a string of menus. You look for
your own measurements—there’s eight or nine of
them, and you work your way down them, and ok by
the time you get to number nine you’re beginning to
forget what was number one! (referring to current
MDMW site) [FG1P2, male, age 83, T2D]

If you were going into the front page with your five
circles, and you tapped into one of the reds, and you
got your graph, that would make sense. (responding
to screenshots of possible new designs) [FG1P2, male,
age 83, T2D]

It was also felt, by 2 (25%) participants, that “jargon” should
be avoided as much as possible and that any medical terms that
are included should be accompanied by additional explanations:

So I think alongside each complication, you could
have an explanation of what that is…It should say
what it specifically is—what it affects, I think it should
give a bigger explanation. [FG2P2, male, age 66,
T1D]

It needs to assume a low level of jargon knowledge.
[FG2P1, male, age 58, T1D]

Development of the Prototype Site
User perceptions and preferences collected during focus group
discussions were considered and discussed by the researcher
(CS), several diabetes clinicians (NC and DW), and the lead
platform developer (DB). Those that were felt by all members
of the team to be useful and feasible were incorporated into the
prototype site. In this way, user insights directly influenced
prototype site development. For example, participants’ desire
for clear visual cues and easy navigation was addressed by
giving the homepage a “clean” look, with colored blocks
(containing representative icons) for each test result/lifestyle
item. When clicked, the blocks took the user to further details
about each item. In comparison to the current MDMW site that
participants were used to, fewer clicks were required to reach
frequently sought information (eg, HbA1c history graphs and
eye and foot screening results).

Participants’ desire for positive language was also heeded. An
example in the risk prediction tool was the addition of a heading:
“Let’s reduce your risk.” In response to participants’ demand
for plain language (and for additional explanations where
medical terms were necessary), diabetes-related complications
in the risk prediction tool were condensed into a single
(combined) risk of developing complications, with an
information icon alongside to explain what kinds of
complications this pertains to. The positive reaction to the risk
prediction tool as a means of fostering suitable goals was
harnessed by adding the option (via a button) to link outputs
from this page to the goal-setting area.
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Think Aloud Sessions

Think Aloud Participant Demographics
Seven participants took part in think aloud sessions with the
prototype site. Of these, most were female (4/7, 57%), and most
had T1D (5/7, 71%). The mean age was 52 years (range 35-62
years), and the mean time since diagnosis was 23 years (range
4-37 years). Sessions had an average length of 41 minutes.

Thematic Analysis
The 126 pertinent text fragments were mapped onto the 5
relevant sociotechnical model dimensions, which formed the
basis of the major (deductive) themes of the analysis. Through
an inductive approach, subthemes were generated from the data
within each of the 5 dimensions. Some fragments were coded
into more than one thematic category, resulting in 136 fragments
included in the analysis. Categories from the thematic analysis
are summarized in Figure 3.

Figure 3. Thematic categories of think aloud transcript data. The major (deductive) themes were the five relevant dimensions of the sociotechnical
model. Subthemes were (inductive) themes within each dimension that were generated from the data. HCP: health care provider; UI: user interface.

Usability issues identified from think aloud user testing are
summarized below and are discussed in relation to each of the
sociotechnical model dimensions.

Human-Computer Interface

The majority (79/136, 58%) of text fragments from think aloud
transcripts mapped onto the human-computer interface
dimension of the sociotechnical model. Within this dimension,
9 subthemes were identified (Figure 3). One of the most
prevalent of these, with 17 (13%) text fragments, was “confusing
visual cues.” Examples include users not realizing that an item
on a page was clickable and it not being obvious what the
different areas of a page represent:

As I hover over it, it’s ‘coming up’ which suggests it
is clickable, but it’s not that obvious. I wouldn’t…it’s
not that obvious. (referring to an object’s hover state)
[TA_P1, female, age 35, T1D]

One of my first thoughts was: it's not obvious. It needs
to say 'current' and then 'future.' (referring to left-

and right-hand sides of the risk prediction tool page)
[TA_P2, female, age 49, T1D]

Another common theme, 15 (11%) text fragments, within the
human-computer interface dimension was “unmet expectations.”
An example (in the risk prediction tool) was the expectation by
users to be able to select a value for lifestyle/clinical variables
and type in a replacement value, rather than changing this using
a slider:

It doesn’t seem to highlight ‘HbA1c’. Now with the
‘smoking’ you had the wee bubble so you could
change it. And you had a slider bar for ‘activity’. But
with ‘HbA1c, you’ve got nothing, so I don’t know
whether you click on it. [TA_P4, female, age 49, T1D]

“Inconsistencies within the site” was also a recurring theme
within the human-computer interface dimension, 6 (4%) text
fragments. An example was that some blocks on the homepage
altered when hovered over (a shadow appeared around the
edges), indicating to the user that they were clickable. Other
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blocks did not possess altered hover states, leading some users
to assume these were not clickable.

Some items were unresponsive, leading to several users
becoming frustrated. An example was a slider in which the value
did not change as the user moved the slider button along and
only refreshed once the button was released:

Right so when you’re actually clicking on the slider,
although you can move it, it’s not moving with the
number. [TA_P2, female, age 49, T1D]

It doesn’t change as you move the slider. No…It’s
very, very fiddly. [TA_P4, female, age 49, T1D]

Clinical Content

Six text fragments (4%) referred to “confusion over who inputs
data” (ie, whether it is the user or their health care team who
should do this). Within the “managing your condition” page (a
checklist of diabetes tests, checks, and services that all people
with diabetes should receive), some items (eg, “have your legs
and feet checked” and “have your blood pressure measured”)
are automatically updated by the system once the user has
attended a screening appointment, while others (eg, “receive
high-quality care if admitted to hospital” and “get emotional
and psychological support”) must be updated by the user.

I thought that someone at the clinic would be doing
that for you…it would be quite nice to have something
to say that can be completed by the patient. [TA_P5,
female, age 51, T1D]

Within “clinical content,” there was also a subtheme of
“expected data not being present.” For example, 2 (29%)
participants expected access to retinal scan images via the retinal
status page.

Workflow and Communication

Three of the participants (43%) wrongly expected that their
HCP would be notified when they entered data into the system.
For example, within the “managing your condition” page, the
user can tick “received” or “not received” alongside a checklist
item such as “get emotional and psychological support.” Some
users incorrectly assumed that ticking “not received” would
alert their GP that they needed further support. This is not the
case, as the checklist is intended to serve only as a reminder for
the user:

So basically it gives the patient an opportunity to ask
for something which they think could be useful to
them. [TA_P3, male, age 62, T2D]

People

Four participants (57%) pointed out that users with limited
digital skills might find it challenging to interact with some
aspects of the DHI. This was mentioned in relation to using the
risk prediction tool (which involves the user interacting with
several sliders and toggles and interpreting risk prediction
outputs), as well as in relation to navigating from the homepage
to other pages, as in the following example:

Having green boxes and red boxes is really good. I’m
all for colors and highlighting things. Especially for

people who are not as tech-savvy, as I am not.
[TA_P4, female, age 49, T1D]

Sentiments that the risk prediction tool could potentially cause
anxiety, which had been expressed during focus groups, were
reiterated by 4 (57%) think aloud participants:

It might put a lot of pressure on some people because
it's not as easy to change your HbA1c as just moving
a slider. [TA_P5, female, age 51, T1D]

It's important it’s not rolled out to some patients who
have a high risk and who have little or no opportunity
to address that. [TA_P6, male, age 58, T1D]

Two participants (29%) commented that additional information
that appears beneath page titles (eg, the HbA1c page and weight
and BMI page) explaining these medical/lifestyle terms were
superfluous and could make users feel “patronized”:

The banner headline at the top. It's very patronizing.
Stating the bleeding obvious, you know? For anyone
who's been diagnosed for a while and has a bit of
understanding about the condition. [TA_P6, male,
age 58, T1D]

Hardware and Software

Three text fragments (2%) referred to users’ experience of the
site being dependent on the device they use. One example is a
list of screening results that appeared at the bottom of the retinal
status page, which one participant felt might be missed by
someone accessing the site using a mobile phone:

Unless you know to scroll down you might miss that
bit about retinopathy. I suppose if you were looking
on a phone, as well, you might not see that. [TA_P5;
female, age 51, T1D]

Development of the Final Site
User insights gained from focus groups and think aloud
workshops with the prototype site were discussed among the
researcher, clinicians, and developer (CS, NC, DW, and DB),
and those that were feasible were used to inform the
development of the final (live) MDIQ-augmented MDMW site.
The resulting changes included the use of more positive and
encouraging language throughout the site and mitigating users’
anxieties. An example of the latter is a line of text added to the
risk prediction tool suggesting that the user talks to their health
care team if they are concerned about anything they have seen
(Table 1). A user’s risk of developing complications will be
presented as a single “combined risk,” with a breakdown of
what those complications are (for users who wish to find out
more). A simple explanation of what probability means will
also be explained in a text box via an information icon (Table
1). A video will be added alongside the risk prediction tool,
explaining how to use the tool, defining the terms used within
the tool, and what the outputs mean. This will assist users with
low digital and health literacy and will satisfy the need for plain
language. The risk prediction tool will be displayed only after
a new user’s third visit to the MDMW site, allowing newly
diagnosed users to become familiar with the site (and with
having diabetes) before being presented with their complications
risk forecast.
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In the final site, if a user saves the lifestyle settings in the risk
prediction tool as goals, these will be saved to the goal-setting
area of the site. Within the goal-setting area, such goals will
appear alongside links to resources on setting achievable goals,
as well as links to targeted education resources (eg, resources
on smoking cessation for those who set a goal to “give up
smoking”).

Several examples of unclear visual cues have been addressed
in the final site. Within the risk prediction tool, the

representation of “current risk” on the left-hand side of the risk
prediction tool and potential “future risk” on the right-hand side,
which had been unclear to several think aloud participants, has
been made explicit (left side has been made smaller, and there
are now clear labels above each side). Signposting to sliders
within the risk prediction tool has also been improved (Table
1). Sliders have been made more consistently styled and more
responsive (changing in real time as the slider button is dragged)
in comparison with those in the prototype site.

Table 1. Examples of how insights gained during focus groups and think aloud workshops informed the development of the final MDIQa-augmented

MDMWb site.

Resulting change in live MDIQ-augmented siteInsight from focus groups/think aloud workshops

Addition of text box to the risk prediction tool:User being shown their risk of developing diabetes-related complications
could cause anxiety.

Information icon text, when clicked:

Plain language needed, explain terms used

For example, addition of text directly above the sliders on the risk predic-
tion tool:

Clearer instructions needed

aMDIQ: MyDiabetesIQ.
bMDMW: MyDiabetes My Way.

Discussion

Principal Findings
This study has demonstrated that end-user involvement at each
iterative stage of the design of a DHI can help to prioritize users’
requirements throughout the design process. This novel version
of an existing DHI for diabetes (MDMW) will be underpinned
by an ML engine (MDIQ). Before developing a prototype
interface, developers were made aware of user perceptions and
preferences collected during initial focus groups. The resulting
prototype was then user tested through the think aloud method,
leading to the development of a new live MDIQ-augmented
MDMW site, soon to be released. This work paves the way for
a future iteration of this user-centered design process, which
will entail large-scale real-world testing of the live site.

The sociotechnical model used here as a framework for the
thematic analysis of think aloud data [22] needed to be adapted,
with 3 of the model dimensions (“internal organizational
policies, procedures, culture and environment”; “external rules,
regulations, and pressures”; “system measurement and
monitoring”) not being relevant in the context of this
patient-facing DHI. These dimensions are more applicable in
clinician-facing health information technology used in formal
health care settings, in which the model was originally conceived
[22]. Think aloud data were therefore mapped onto the
remaining 5 dimensions of the model (“human-computer

interface,” “clinical content,” “workflow and communication,”
“people,” and “hardware and software”), and subthemes were
generated from the data.

It is useful to consider our findings in relation to each of the
dimensions of the sociotechnical model individually. However,
there is much interplay between dimensions. For example, many
of the subthemes described within the human-computer
interactions dimension (eg, “unclear visual cues” and “unclear
instructions”) would be compounded for a user who has limited
digital skills (people dimension). Confusion over who inputs
data (clinical dimension) could be avoided by addressing issues
around human-computer interactions, including visual cues and
instructions. Understanding the connections between the model
dimensions can help developers find solutions that don’t focus
on one dimension while ignoring the impact of a given solution
on others (ie, unintended consequences) [37]. This can
additionally help developers to understand the wider
sociotechnical structures already in place that could aid or
constrain adoption of the technology under development [23]
(eg, realizing that cues might be obvious to users who are used
to interacting with online platforms but may not be obvious to
less technically literate users). Awareness of these interactions
between dimensions can help to make the site more usable for
all users.

This study has demonstrated that viewing usability problems
through a sociotechnical lens, and considering links between
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sociotechnical dimensions, can help foster the development of
a more acceptable DHI. Findings from prototype usability testing
are being used to inform the development of the final site, such
as when an unclear visual cue was identified (human-computer
interactions dimension), it was amended to address concerns
regarding digital literacy (people dimension). Similarly, users
expressed some confusion regarding which data items were
updated automatically and which items were to be updated by
the user (clinical dimension). There was also confusion over
which self-entered data items were fed back to the health care
team (workflow and communication dimension). The user
interface will be amended to clarify both and to mitigate against
clinical risk.

This study found that participants were more receptive to users
setting goals based on the outputs generated by the risk
prediction tool compared to straightforward goal setting, where
a user simply sets a goal for themselves (“potential to empower
users” theme). Some participants were concerned about users
setting “unrealistic” goals, thereby “setting themselves up for
failure,” or setting “unsafe” goals (people dimension). In
response, the DHI now incorporates a link to the goal-setting
area within the risk prediction tool and has been amended to
highlight the need to set achievable goals, with the aim to
provide a “scaffold” to foster healthy goals whilst aligning these
goals with the user’s accepted level of risk of diabetes
complications.

Participant desires may not always be actionable, particularly
when they rely on third parties whose working practices cannot
be dictated by the DHI developers; for example, validation and
approval of all user-set goals by clinicians were deemed
desirable by some participants but would require clinicians to
have extra time and flexibility in their working practices to
facilitate this (workflow and communication dimension).

The possibility of the system offering ongoing feedback on
progress toward user-set goals was suggested to focus group
participants. The platform will continue to be developed with
the potential to incorporate goal-setting notifications and alerts
via email and mobile devices in the future. Any such
developments will need to address participants’ concerns
regarding the potential to induce anxiety or feelings of failure
in the event of a goal not being achieved.

During focus group discussions, most participants expressed a
need for “plain language” (avoidance of medical jargon), as
well as the addition of explanations alongside medical terms.
This informed the decision to condense the initial information
given to users, with additional information accessed via an
information icon. There were, however, contrasting views
around annotating items with further explanations, with some
users feeling “patronized.” PWD are a diverse group, and
preferences will differ amongst individuals. For example, the
needs of someone with longstanding diabetes will likely differ

from someone who is newly diagnosed (ie, participants
identified this latter group as having a lot to gain from the
platform). MDMW already encompasses some degree of
tailoring (eg, diabetes type, cholesterol, and blood pressure).
Further tailoring (eg, user preference, diabetes duration, etc) is
technically possible, although there is the potential that in doing
so, the platform may become overly complicated.

Limitations of the Study
Attempts to recruit a more diverse group of participants via
purposive sampling were not realized owing to poor response
rates to the initial invite. The number of participants was
relatively small and skewed towards older people with T1D
who have had diabetes for many years. However, due to the
rich data it delivers, the think aloud method requires only small
numbers of participants, a suggested sample size of 5 to 8
participants, to uncover a high proportion of usability problems
[9]. In addition, the participants were all considered “expert
patients” whose experience provided valuable insights.

Social distancing necessitated by the COVID-19 pandemic
resulted in the use of remote online user testing. This approach
has known disadvantages, such as moderators needing to deal
with unexpected technical issues during sessions and participants
potentially facing a cognitively demanding environment (ie,
navigating a video conferencing tool as well as testing the online
intervention in question) [38]. Efforts were made to minimize
these issues by giving clear instructions prior to sessions and
by reassuring participants during sessions. In addition, remote
online user testing provides several potential benefits:
participants can be observed using the intervention in a more
authentic context compared with sitting in a lab with researchers,
and participants have more control over the session than they
would in a lab setting (eg, muting their audio) [38].

Conclusions
This study demonstrates that acting on the input of end users at
each stage of development can help to build more acceptable
DHIs, aligning features to users’needs and avoiding unintended
consequences that might cause disengagement. Good control
of diabetes already relies heavily on self-management. The
disruption of clinical services secondary to the COVID-19
pandemic only served to accentuate the importance of diabetes
self-management. Digital tools such as MDMW (and particularly
the MDIQ-enhanced version now being developed) can offer
personalized support for self-management, alongside access to
patients’ electronic health records in a user-friendly
environment. These features can facilitate self-management,
thereby reducing users’ risk of developing diabetes-related
complications (with potential significant reductions in health
care costs). This study serves as an exemplar of user-centered
design that will ensure that MDMW is relevant and usable for
people with diabetes.
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Abstract

Background: Preeclampsia is one of the leading causes of maternal mortality worldwide, with a global prevalence at 2%-8%
of pregnancies. Patients at high risk for preeclampsia (PHRPE) have an increased risk of complications, such as fetal growth
restriction, preterm delivery, abnormal clotting, and liver and kidney disease. Telemonitoring for PHRPE may allow for timelier
diagnosis and enhanced management, which may improve maternal and perinatal outcomes.

Objective: The objective of this study is to determine the perceptions and needs of PHRPE and their health care providers with
respect to telemonitoring through semistructured interviews with both groups. This study explored (1) what the needs and
challenges of monitoring PHRPE are during pregnancy and in the postpartum period and (2) what features are required in a
telemonitoring program to support self-care and clinical management of PHRPE.

Methods: This study used a qualitative descriptive approach, and thematic analysis was conducted. PHRPE and health care
providers from a high-risk obstetrical clinic in a large academic hospital in Toronto, Canada, were asked to participate in individual
semistructured interviews. Two researchers jointly developed a coding framework and separately coded each interview to ensure
that the interviews were double-coded. The software program NVivo version 12 was used to help organize the codes.

Results: In total, 7 PHRPE and 5 health care providers, which included a nurse practitioner and physicians, participated in the
semistructured interviews. Using thematic analysis, perceptions on the benefits, barriers, and desired features were determined.
Perceived benefits of telemonitoring for PHRPE included close monitoring of home blood pressure (BP) measurements and
appropriate interventions for abnormal BP readings; the development of a tailored telemonitoring system for pregnant patients;
and facilitation of self-management. Perceived barriers to telemonitoring for PHRPE included financial and personal barriers, as
well as the potential for increased clinician workload. Desired features of a secure platform for PHRPE included the facilitation
of self-management for patients and decision making for clinicians, as well as the inclusion of evidence-based action prompts.

Conclusions: The perceptions of patients and providers on the use of telemonitoring for PHRPE support the need for a
telemonitoring program for the management of PHRPE. Recommendations from this study include the specific features of a
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telemonitoring program for PHRPE, as well as the use of frameworks and design processes in the design and implementation of
a telemonitoring program for PHRPE.

(JMIR Hum Factors 2022;9(1):e32545)   doi:10.2196/32545

KEYWORDS

high-risk pregnancy; blood pressure; preeclampsia; telemonitoring; home monitoring; mHealth

Introduction

Preeclampsia is a progressive multisystem syndrome that
involves new-onset hypertension and end-organ dysfunction or
proteinuria in the second half of pregnancy or postpartum [1].
The prevalence of preeclampsia is 2%-8% worldwide [2]. The
prevalence is higher in first-time pregnancies, in people of
advanced maternal age, in people who have had preeclampsia
in the past, and in those with preexisting medical conditions
(eg, chronic hypertension, kidney disease, diabetes mellitus)
[3]. People who are diagnosed with preeclampsia are at an
increased risk of both obstetrical complications, such as fetal
growth restriction and preterm delivery [4], as well as medical
complications, such as abnormal clotting, peripheral and
pulmonary edema, and liver and kidney dysfunction [5].
Additionally, preeclampsia increases the long-term risk of
developing hypertension, ischemic heart disease, stroke, venous
thromboembolism, kidney failure, and death [6-8]. Hypertensive
disorders of pregnancy, including chronic hypertension,
gestational hypertension, and preeclampsia [8], are a leading
cause of maternal mortality worldwide [7]. Identifying patients
at high risk for preeclampsia (PHRPE) may improve the
probability of a timely diagnosis, which may enhance maternal
and perinatal outcomes [9].

Home blood pressure (BP) monitoring may play a role as an
adjunct to managing PHRPE for developing preeclampsia,
because it allows for more frequent BP readings and may
potentially lead to timelier detection of preeclampsia [10]. Home
BP monitoring may also be beneficial in assessing the BP
control of pregnant people with chronic hypertension [10]. The
2013 American College of Obstetricians and Gynecologists
Guidelines recommend home BP monitoring for pregnant people
with gestational hypertension, chronic hypertension, and
uncontrolled BP [1].

Digital health interventions (DHIs), such as telemonitoring, can
provide a personalized approach to the outpatient monitoring
of PHRPE [11,12]. Specifically, telemonitoring enables health
care providers to have access to real-time information about
their patient’s home BP readings for clinical decision support,
such as medication changes or delivery of the baby.
Telemonitoring can also enable targeted and timely
self-management instructions for PHRPE based on their current
and trending BP readings. In our scoping review, published in
2020, we identified only 20 studies exploring telemonitoring
of patients at high risk for hypertensive disorders of pregnancy
[13]. These papers described telemonitoring interventions in
countries such as the United Kingdom, the United States, and
Belgium, but there were no Canadian studies published on
telemonitoring interventions for patients at high risk for
hypertensive disorders of pregnancy at the time [13]. Although

we determined that telemonitoring could provide benefits for
managing patients at high risk for hypertensive disorders, more
research is needed to understand how to develop and implement
such programs, as well as to prove its safety and effectiveness
[13]. To the best of our knowledge, there has been no recent
Canadian study published on the topic since our scoping review.
Recently, 3 studies from the United Kingdom have explored
the perspectives of women [14] and health care providers [15]
as well as a design and implementation approach [16] for BP
self-monitoring.

The overall objective of this study is to determine the
perceptions and needs of PHRPE and their health care providers
with respect to telemonitoring. There were 2 specific research
questions for this study: (1) What are the needs and challenges
of monitoring PHRPE during pregnancy or in the postpartum
period? (2) What are the features required in a telemonitoring
program to support self-care and clinical management of
PHRPE?

Methods

Study Design
This study adopted a qualitative descriptive approach [17].
PHRPE and health care providers involved in their care from a
high-risk obstetrical clinic at a large academic hospital in
Toronto, Canada, participated in individual semistructured
interviews. The study was approved by the research ethics
boards of the University Health Network (#18-5535) and the
Sunnybrook Health Sciences Centre (#295-2018). This research
followed the guidance of the Consolidated Criteria for Reporting
Qualitative Research [18].

Participants and Recruitment
This study used purposive sampling with PHRPE and health
care providers. PHRPE were eligible for the study if they were
identified as being at high risk for preeclampsia, aged 18 years
or older, able to communicate in English, pregnant or up to 6
weeks postpartum, and currently self-monitoring home BP
measurements. Eligible patients were identified and were
informed about the study by their physician during a clinic visit
and were asked whether they would be willing to speak to the
research coordinator (author MA) to participate in the study.
The researchers had no prior relationship with the participants.
The patients were also provided with a letter of invitation with
further information that stated that their health providers would
not know the identity of the study participants. Health care
providers associated with the high-risk obstetrical clinic who
were involved in the care of PHRPE were also invited to
participate in a semistructured interview. They were invited to
participate via email by the clinical site lead and could have
various clinical roles, including general practitioners,
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obstetricians, nurse practitioners, nurses, and pharmacists.
PHRPE and health care providers interested in participating
were contacted by the research coordinator, who provided the
details of the study and answered any questions of the potential
participants prior to obtaining written consent. Recruitment
continued until the data had reached saturation, which was
anticipated to be between 5 and 15 participants in each of the
2 groups.

Data Collection and Analysis
The interviews were conducted in person by the research
coordinator (MA) in a private room at the clinic. The research
coordinator had experience interviewing patient participants
and had graduate-level training in research, as well as a
background in nursing for the adult cardiac population. Each
interview lasted between approximately 20 and 30 minutes. The
interview guides are provided in Multimedia Appendix 1. The
interviews were digitally recorded and transcribed verbatim by
a professional transcriptionist for analysis. Repeat interviews
did not occur.

Thematic analysis, as described by Braun and Clarke [19], was
conducted. Two researchers (authors MA and JG, both she/her)
coded several transcripts together to develop a common coding
framework. Both researchers had advanced-level training for
coding qualitative interviews. After the framework was
established, the researchers separately coded each interview to
ensure each interview was double-coded. The researchers
discussed the codes to resolve any discrepancies. During this
discussion, the codes were grouped into initial themes. The
codes and themes were then refined through discussion by the

larger research team. The software program NVivo version 12
(QSR International, Doncaster, Victoria, Australia) was used
during the analysis of the transcripts to help organize the codes.

Results

Participant Demographics
In total, 7 patients participated in the study and ranged from
being 12 weeks pregnant to 2 months postpartum. Many patient
participants were referred to this clinic due to chronic kidney
disease that caused hypertension during pregnancy. All patient
participants measured their BP at home with varying degrees
of frequency. The most common frequency of BP
self-measurement was 3 times per day, with 3 (43%) of 7 patient
participants using this schedule. Most patient participants also
used a DHI before pregnancy to monitor other health conditions,
such as diabetes, activity, and fertility. Only 1 (14%) of 7 patient
participants used a mobile app, called QardioArm, to monitor
their BP during pregnancy. Further details on the characteristics
of the patient participants are shown in Table 1.

Most staff in the clinic also participated in the study, including
specialists, staff physicians, and a nurse practitioner, with 4
(80%) of 5 providers being female. None of the providers had
previously recommended the use of telemonitoring tracking
technology for their patients. There were 5 provider participants,
of whom 4 (80%) were female and 1 (20%) was male. The
provider participants comprised 4 (80%) physicians and 1 (20%)
nurse practitioner. In general, the health care providers were
experienced in the fields of maternal-fetal medicine as well as
nephrology.

Table 1. Demographics of patient participants.

Use of DHI to monitor BP during pregnancyUse of DHIb before
pregnancy

Frequency of BPa self-mea-
surements

Reason for referral to clinicPatient

NoNo3 times per dayChronic kidney disease1

NoYes, for diabetes6-10 times per dayAdrenal tumor, hypertension2

Yes, QardioArmYes, fertility tracker2 times per dayPolycystic kidneys, hypertension3

NoYes, step tracker3 times per dayHypertension4

NoNo3 times per dayNephrotic syndrome5

NoYes, step trackerWith symptomsKidney disease6

NoYes, Carrot app2 times per dayHypertension7

aBP: blood pressure.
bDHI: digital health intervention.

Themes From the Interviews
During the interviews, participants discussed how they
envisioned a telemonitoring program could be used in the care
of patients at the clinic. The following themes emerged within
the categories of perceived benefits of, perceived barriers to,
and desired features of telemonitoring for PHRPE.

Perceived Benefits of Telemonitoring for PHRPE
The perceived benefits were as follows:

• Telemonitoring PHRPE may provide close monitoring of
home BP measurements and appropriate interventions for
abnormal BP readings: Providers indicated that patients at
risk for preeclampsia require close and frequent monitoring
between clinic appointments. Some providers stated that
telemonitoring could allow for remote observation of
patients who have already been identified as having BP
values that could change suddenly and unpredictably.

I think it can help some patients, yeah, I mean, the[se]
patients [are] definitely one [of] the highest [risk]
groups who really have to watch blood pressure quite
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carefully. Yeah, so this wouldn't be, it wouldn't
probably [be], something I would use with the
majority of patients who are at risk but in terms of
blood pressure in such an intensive manner. We're
talking about patients who already either have
chronic hypertension that needs to be managed and
followed closely or patients who are already
diagnosed with mild preeclampsia and are being
managed as outpatients. That probably would be the
target population. [Provider 4]

Additionally, telemonitoring may allow for improved access to
perinatal health services for patients who may not have easy
access to these resources.

They’re watched very carefully [in the] clinic, but
there are women that are not watched carefully in
other obstetrical population[s] . . . not everybody’s
got that kind of resource; so then, you have to think
out [if it could] be even a more useful tool for women
to self-identify and come to triage maybe in time
before they get too sick. [Provider 5]

• Telemonitoring PHRPE may provide tailored information
and interventions for pregnant patients: Providers reported
that currently available telemonitoring systems are not
tailored for pregnant people, which causes provider
hesitancy in recommending them to patients.

So there hasn’t been [a telemonitoring system] that’s
been sort of really tailored right for our population
. . . they haven’t been sort of detailed enough for my
pregnant women—so I think it could happen, but we
don’t have the right one yet. [Provider 5]

When patients were asked how they currently manage their BP
between clinic visits, some patients mentioned that they resorted
to using internet search engines for information regarding
symptoms they were experiencing. Patients found information
that was not specific to preeclampsia. A BP telemonitoring
system that is tailored specifically to patients at risk for
preeclampsia was thought to be useful.

It’s different criteria for different [patients]—like if
you’re diabetic . . . and you’re a certain age or, you
know, [there are] different criteria for different things
. . . because what I find that even as a patient, you
know, I find that even with a nursing background,
sometimes I don’t know when to go to emergency,
you know. I’m pregnant now, and I’m bleeding . . .
should I go to [the emergency department] or should
I not’, and I would imagine that’s the same thing that
other people who don’t have a health care
background may struggle with. [Patient 3]

Patients expressed a desire to include contextual information
related to their BP measurements (eg, medications taken,
emotional and physical states, time of day) to provide their
health care providers with more information about any potential
influencing factors on the measurement.

I don't know if clinicians would want to know when
you took a blood pressure medication, like did you
take your blood pressure medication, like ’cause you

don't [want] to assume that they did cause some
people might not have. Or . . . if they want to have a
comment section where you can write I've been feeling
sick or I'm in a lot of pain or something like that. So
people can write a comment next to the blood pressure
results. [Patient 7]

Providers noted that acquiring personal information about what
patients are experiencing allows them to make better decisions
on their care.

I think it’s crucial keeping a diary in pregnancy and
for preeclampsia . . . [It allows me] to adjust
medications and [know] how severe things are.
[Provider 3]

• Telemonitoring for PHRPE may facilitate self-management
in patients: Self-management in this context can include
actions taken, as needed, based on symptoms and
self-monitoring of BP. An example of self-management
would be a pregnant patient going to the emergency
department for higher-than-normal BP readings and
accompanying symptoms, such as a headache. Both
clinicians and patients indicated that a telemonitoring
system that educates patients on self-management practices
could be empowering and could build their self-confidence
in managing their condition. The study participants
expressed that this sense of empowerment could help create
positive habits for patients, including regular
self-monitoring of their BP and an awareness of actions to
take when the results are outside of the normal range.

You have to also make sure you’re empowering the
patient to do self-management, so if they are just
thinking somebody else is watching . . . then that’s
not actually self-management, so that’s the key, is to
find an app that works but still encourages [patients]
to take a very active part in their health care.
[Provider 5]

I think [an app] empowers people to be more
proactive about their health and what they should do
and who they should reach out to. People may take
their [blood pressure] readings or may not and . . .
they don’t know when to come in to see their family
doctor or their specialists. It’s also a waste of
resources for emergency teams or the emergency
department . . . when you go in unnecessarily; so I
think it can be useful. [Patient 3]

Perceived Barriers to Telemonitoring PHRPE
The perceived barriers were as follows:

• Financial and other personal barriers to telemonitoring:
Clinicians and patients highlighted the need to address
financial barriers (eg, cost of a home BP monitor) to
enhance patient BP self-monitoring.

Some people would not have the financial means to
get a home blood pressure device, and going to [the]
pharmacy, it's time demanding, it's complicated.
[Provider 4]
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And if the [telemonitoring is] covered under
insurance, [because] they can get pricey . . .
especially if the doctor said you need to [monitor your
blood pressure at home], if [providers] can write [a]
prescription and the private insurance companies . .
. can cover up to 70% [of the cost] or something like
that. [Partner of patient 5]

A telemonitoring system would need to demonstrate an added
benefit or value in the patient’s care management, especially
for those patients who currently manage their health without
technology.

To be honest with you, it’s, I guess, it’s too much
work, and I’m not really into, like, the whole
technology thing. [Patient 5]

I think the patient has to be convinced there is an
issue, and I think sometimes the only way is if the
patient is made to lead her condition and also to take
charge. That’s the only way I feel she would take it
seriously. And I think making them record or making
them understand more will help motivate them. So I
think if that does exist, that app, or whatever program,
I think it would actually really help, because we do
ask patients to record [blood pressure measurements].
I ask them to record. [Provider 3]

Finally, access to the appropriate equipment, such as validated
BP cuffs, for pregnant patients may pose as a barrier to the
telemonitoring of this group.

Not all blood pressure cuffs are created equally for
pregnant women, so you’ll have to validate your cuff
first in a pregnant population because it may not be
the same . . . that’s why I have to [ask patients to]
bring all their cuffs in to calibrate, so [patients]
always bring their home [blood pressure] cuffs in,
and we calibrate them [at the clinic]. [Provider 5]

• Telemonitoring PHRPE may increase clinician workload:
Some providers were concerned that BP self-monitoring
for patients using telemonitoring would increase clinician
workload. Reasons given included being alerted to abnormal
BP readings during off-clinic hours, as well as patients
requiring timely assessments, follow-up, and
recommendations based on BP readings.

I mean in theory [telemonitoring] would be good, but
who’s monitoring that is the problem . . . I think
there’s enough information for us to deal with, and
the expectation, I would just be a little bit hesitant to
say that the expectation is for the physician to monitor
the blood pressure . . . in terms of data that the
patients are inserting into their app, because then it
becomes a safety thing, because I’m not checking my
phone all the time and I don’t think that should be
the precedent. [Provider 1]

Desired Features of a Telemonitoring Program
The desired features were as follows:

• Telemonitoring PHRPE should facilitate self-management
for patients: Patients want to be able to easily transfer their

BP results to a centralized location where it can be readily
accessed by their provider. Both patients and providers
commented on the ease they found using a diabetes
monitoring system.

Because like me, I'm a diabetic, [and] my diabetes
machine connects to my phone, so it's always synced
there, so I see everything on my phone. And if I want
to send it to my doctor, I just send a link to my doctor,
and he can see every day what was my sugar. [Patient
2]

Because when I think about what [patients] have to
do, they have to create an email, like get an email
and then write in all their readings. So if they could
just have something that’s like a blood sugar monitor
that monitored them and kept track of it, and put it
into an app, I think [patients] would be onboard with
that because it would be easier for them than having
to keep track of all their numbers, then transfer it
over into an email. [Provider 2]

• Telemonitoring of PHRPE should facilitate decision making
for clinicians: Providers suggested displaying BP results,
medications, and symptoms to enable easy identification
of abnormal values, trends, and the appropriate intervention.

In a busy clinic, it’s hard to sit and look at all the
numbers, but imagine if patients plug a 2-week
amount of blood pressure readings and then you get
a graph. From that graph, you’ll know the highest
and the lowest [numbers], you’ll know the trend,
you’ll know the timing of day, and so you can, first
of all, if things are worse at the end of the pregnancy,
it might tell you to deliver. If you’re early on and
showing you highest in the morning, then you might
adjust nighttime [medication] dosing. [Provider 3]

• Telemonitoring PHRPE should include evidence-based
action prompts: Providers and patients highlighted the need
for patient alerts and action prompts to be automatically
generated from the patient data to ensure that patients seek
medical attention, as needed.

I’m worried about [patients] throwing [blood
pressure values] in [and] not knowing that, oh, like
I’m waiting for somebody to get back to me, but
meanwhile my blood pressures through the roof and
I’m in danger, but because my app doesn’t tell me to
do anything, I stay home. [Provider 1]

I think that [getting feedback is] really important
because . . . it empowers people to be more proactive
about their health and what they should do and who
they should reach out to. [Patient 3]

Providers described the need for a DHI that can incorporate
evidence-based protocols and standards for PHRPE to facilitate
their decision making. Specifically, a provider discussed an
online risk calculator developed by the Fetal Medicine
Foundation based in the United Kingdom where maternal risk
factors and biomarkers are input to calculate a patient’s risk for
preeclampsia [20].
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There is an online risk calculator that I personally
use. It has been validated recently by a large study,
published in [the] New England Medical Journal, so
I actually use it to actually quantify the risk. [Provider
4]

Discussion

Principal Findings
This paper presents the findings from a qualitative study aimed
at determining the needs and challenges of monitoring PHRPE
and the features required in a telemonitoring program to support
the self-care and clinical management of PHRPE. Specifically,
this study identifies participant perceptions on the benefits of,
barriers to, and desired features of a telemonitoring program
for PHRPE. Perceived benefits of telemonitoring for PHRPE
included close monitoring of home BP measurements and
appropriate interventions for abnormal BP readings; a tailored
telemonitoring system for pregnant patients; and facilitation of
self-management. Perceived barriers to telemonitoring for
PHRPE included financial and personal barriers as well as the
potential for increased clinician workload. Desired features of
PHRPE included the facilitation of self-management for patients
and decision making for clinicians, as well as the inclusion of
evidence-based action prompts.

Patients and providers had similar opinions with respect to the
features required in a telemonitoring program. For example,
both patients and providers agreed that empowering patients is
key to facilitating their self-management. Patients wanted
feedback from a telemonitoring program so that they can feel
empowered in their self-management of high BP during
pregnancy. Patients looked to a telemonitoring program to
educate themselves on what symptoms to identify, as well as
the appropriate response when a symptom is identified. This
viewpoint is similar to 2 recent studies published in the United
Kingdom by Hinton et al [14]. One study described the
acceptability and feasibility of self-monitoring BP during
pregnancy from the women’s perspective [14]. The participants
in this feasibility study reported feeling reassured and
empowered by self-monitoring their BP, especially if they had
a history of hypertension or preeclampsia [14]. Study
participants felt that BP self-monitoring made them more
knowledgeable of the risks of hypertension and preeclampsia
in pregnancy [14]. The second study interviewed 147
obstetricians, community and hospital midwives, pharmacists,
and trainee doctors to gain their perspective on the use of home
BP monitoring during pregnancy [15]. In this study, providers
acknowledged the potential for self-monitoring of BP to
empower women in their health.

In our study, patients and providers had differing views on the
perceived barriers to a telemonitoring program with respect to
patient motivation. Patients who were less inclined to use
technology for their health indicated that it would be difficult
to incorporate telemonitoring into their routine. Moreover,
depending on a patient’s situational context, such as the stage
of pregnancy, incorporating telemonitoring into their life may
become particularly challenging. For example, Hinton et al [14]
noted that during the postpartum period, women found

incorporating BP self-monitoring more challenging. Providers
in our study noted that patient motivation is related to the
patient's view of their disease and their lack of understanding
related to its severity and impact on their health. A qualitative
study by Davies et al [21] described primary care clinicians’
views on telemonitoring and highlighted that a lack of patient
motivation is a barrier to their use. However, our study, with
its small sample size as a limiting factor, demonstrated a highly
motivated group in that all 7 patient participants measured their
BP at home.

Both patients and providers referred to the ease with which
telemonitoring systems or mobile apps for patients with diabetes
send blood sugar readings to their providers. In fact, a summary
of the recent studies on telemonitoring projects for patients with
diabetes indicated favorable results, including improved control
of blood glucose levels and a significant reduction in

hemoglobin A1c, enhanced effects on comorbidities, increased
quality of life for patients, and good uptake of the technology
by patients [22].

A study published in 2019 by Band et al [16] incorporated
theoretical modeling and a person-based approach to develop
a logic model outlining the proposed mechanism of change for
the Blood Pressure Self-Monitoring in Pregnancy (BUMP)
program. This systematic approach to intervention development
allowed for a deeper understanding and appreciation of the
issues and experiences of pregnant patients with hypertensive
disorders [16]. The logic model presents strategies, such as
sending reminder prompts and cues to self-monitor and
providing information about the benefits of self-monitoring, to
address common barriers—barriers that were also reflected by
the participants in our study to adopting self-monitoring during
pregnancy [16].

Lastly, all providers were concerned about their clinical
accountability with respect to a telemonitoring program for
PHRPE. In fact, none of the providers had previously
recommended the use of a telemonitoring program to their
patients, stating the lack of availability of such telemonitoring
systems and the lack of available guidelines for the
telemonitoring of PHRPE. Similarly, Hinton et al [15] described
the requirements identified by health care providers for
telemonitoring programs to consider normal BP fluctuations
throughout pregnancy and to ensure the accuracy of BP results
in BP self-monitoring. Additionally, providers raised concerns
about patients appropriately addressing abnormal BP [15]. These
perspectives are also highlighted by a systematic review of the
self-monitoring of BP in hypertension, which recommends the
use of guidelines on how to interpret BP measurements taken
at home, acceptable variances between home and clinic
measurements, and how to direct patients on addressing
concerning results [23].

Recommendations on Features of the Telemonitoring
Program
Both patient and provider participant groups expressed interest
in the potential benefits of a telemonitoring program for PHRPE.
The following features represent recommendations that could
be used in the design and development of future programs:

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e32545 | p.855https://humanfactors.jmir.org/2022/1/e32545
(page number not for citation purposes)

Aquino et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


• Assess patients’ technical literacy, motivation, and readiness
to participate in a telemonitoring program
preimplementation.

• Generate automatic alerts for patients when BP results are
out of range, and instruct patients to either seek medical
care or modify their self-care behaviors, depending on the
BP value and trends, which would help address concerns
related to clinician accountability.

• Develop alerts based on evidenced-based protocols and
guidelines specific to PHRPE.

• Enable patients to add symptoms or other related
information about their condition (eg, medications taken),
in addition to BP readings, to better understand potential
root causes for the symptoms.

• Send BP values automatically from the BP monitor to the
telemonitoring system to avoid manual entry of data.

• Display patient data in a way that facilitates identification
of trends and easy visualization of a patient’s health status
by the provider.

Recommendations on Frameworks for Program
Implementation
Patient empowerment to facilitate self-management was a
common theme discussed by both patient and provider
participants. A framework that uses an empowerment-based
approach to developing digital intervention tools for
self-management has been described by Alpay et al [24]. This
framework includes 6 components of patient empowerment (ie,
communication, education and health literacy, information,
self-care/support, decision aids, and contact with fellow patients)
and may be beneficial in the implementation of a telemonitoring
program for PHRPE [24]. This empowerment-based approach
combined with the logic model, which was developed using a
person-based approach proposed by Band et al [16], may provide
direction on the design and implementation of a telemonitoring
program for patients at high risk for hypertensive disorders of
pregnancy.

Limitations
Although the sample size was small and homogenous, with 7
patients and 5 health care providers being interviewed from a
single health care institution, we felt that participants tended to
repeat the same themes, which satisfied our requirement for
data saturation. Additionally, study results cannot be
generalizable to other women at risk for hypertension, since the
study took place in a specialized renal clinic located in an urban
setting.

Conclusion
This study aimed to better understand the perceptions and needs
of PHRPE and their health care providers with respect to
telemonitoring. Through semistructured interviews with patients
and providers, the benefits of, barriers to, and desired features
of a telemonitoring program were identified. Patients and
providers were hopeful about the benefits that such a program
may provide in terms of self-care and clinical management of
PHRPE. Perceived benefits included close monitoring of
patients; tailored access to health care services, when needed;
and a sense of empowerment for self-management. Perceived
barriers to the telemonitoring of PHRPE included financial
barriers as well as a potential increase in clinician workload.
Desired features included the facilitation of self-management
by patients, facilitation of decision making by providers, and
provision of evidenced-based action prompts. Recommended
features for a telemonitoring program for PHRPE were provided
and were based on the perceived benefits, barriers, and desired
features, as described by the patient and provider participants.
Additionally, the use of theoretical frameworks in the design
and implementation of a telemonitoring program for PHRPE,
such as the empowerment-based approach for self-management
and the person-based approach used to develop a logic model,
were discussed as potential beneficial tools. The findings from
this study validate the need for telemonitoring programs for
PHRPE. The recommendations from this research may provide
valuable insights into the development of future telemonitoring
programs to improve self-care and the clinical management of
PHRPE.
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Abstract

Background: The COVID-19 pandemic has required psychiatric and mental health professionals to change their practices to
reduce the risk of transmission of SARS-CoV-2, in particular by favoring remote monitoring and assessment via digital
technologies.

Objective: As part of a research project that was cofunded by the French National Research Agency (ARN) and the Centre-Val
de Loire Region, the aim of this systematic literature review was to investigate how such uses of digital technologies have been
developing.

Methods: This systematic review was conducted following the PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines. The search was carried out in the MEDLINE (ie, PubMed) and Cairn databases, as well as in a
platform specializing in mental health, Ascodocpsy. The search yielded 558 results for the year 2020. After applying inclusion
and exclusion criteria, first on titles and abstracts and then on full texts, 61 articles were included.

Results: The analysis of the literature revealed a heterogeneous integration of digital technologies, not only depending on
countries, contexts, and local regulations, but also depending on the modalities of care. Notwithstanding these variations, the use
of videoconferencing has developed significantly, affecting working conditions and therapeutic relationships. For many psychiatric
and mental health professionals, the pandemic has been an opportunity to build up their experience of remote care and, thus,
better identify the possibilities and limits of these digital technologies.

Conclusions: New uses of such technologies essentially consist of a transition from the classic consultation model toward
teleconsultation and make less use of the specific potential of artificial intelligence. As professionals were not prepared for these
uses, they were confronted with practical difficulties and ethical questions, such as the place of digital technology in care,
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confidentiality and protection of personal data, and equity in access to care. The COVID-19 health crisis questions how the
organization of health care integrates the possibilities offered by digital technology, in particular to promote the autonomy and
empowerment of mental health service users.

(JMIR Hum Factors 2022;9(1):e30359)   doi:10.2196/30359
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Introduction

The spread of digital technology in health systems is a major
and irreversible phenomenon, a source of changes that are only
just beginning. Initiated several decades ago in the field of
psychiatry and mental health care, the development of digital
technologies has been increasing for several years [1-3].
Teleconsultation has notably begun to be used in specific
contexts, such as when access to health care is at stake for
expatriates or people living in isolated areas, while remaining
marginal [4,5]. Technical difficulties, concerns about
confidentiality, and regulatory barriers are among the obstacles
to the development of telepsychiatry [6]. The expansion of new
technologies offers more and more possibilities, including
sensors that are able to collect clinical data related to physical
activity, stress, or sleep. Intelligent applications are able to
detect changes in individual behavior and then analyze this data
to assist in screening and monitoring mental illnesses. Not only
do such technologies open up new possibilities, but they might
also bring about decisive changes to enhance the overall
efficiency of mental health services [1,3].

The COVID-19 pandemic has highlighted the potential of these
technologies, which have led to digital uses on an unprecedented
scale in psychiatry. In particular, the pandemic revealed the
contributions of these technologies to ensuring continuity of
care while annihilating the risk of viral transmission in the
context of an outbreak. As they allow remote monitoring of
some patients, these technologies have been used in a wide
range of strategies to reduce the risk of transmission of
SARS-CoV-2. They have also made it possible to carry out
interventions responding to needs that are specifically related
to the epidemic, whether it be support for frontline health
professionals or care for patients with COVID-19. The use of
teleconsultation, previously in mental health care and psychiatry
in its early stages, has massively increased in response to the
health crisis and among measures that have been implemented
to contain it [7,8]. These experiences of telepsychiatry, which
started in emergency situations and were facilitated by
exceptional arrangements and, often, regulatory relaxation [9],
raise many questions about the evolution of health care and
involve ethical and regulatory issues [10].

Mental health and psychiatric care specifically provide a central
place to the therapeutic relationship. In this context, our attention
is focused on the impact of digital technologies as a “relational
artifact“ (ie, the way they reconfigure care relationships).

The objectives of this study were (1) to describe the uses of
digital technologies at the time of COVID-19 and their impact
on professional practices in psychiatry and mental health and
(2) to understand the place of digital technologies in the
organizational adaptations linked to the COVID-19 epidemic,
but also to identify how this specific context questions the
modalities of care.

Methods

This systematic review was conducted according to the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines [11].

Search Strategy
A systematic literature search was carried out in two databases,
MEDLINE (ie, PubMed) and Cairn, and a specialized mental
health platform, Ascodocpsy; all included articles met the
inclusion criteria. Search terms were defined by articulating
keywords, which were previously defined from dictionaries of
synonyms and thesauri alone or in combination with the Boolean
operators “AND” and ”OR” (Table 1). The search, which was
carried out on titles and abstracts, only concerned the year 2020,
with extraction of results taking place as of December 31, 2020.
Our process did not generate any results in previous years, which
is consistent with the date that the COVID-19 epidemic began.
Only peer-reviewed articles accepted for publication and
available in English or French were included. Editorials were
excluded.

After a preliminary exploratory search, all authors agreed on
the inclusion and exclusion criteria. To be included in the
literature review, articles had to meet the following criteria:
deal with the use of digital technologies as a response to the
pandemic context and be related to the field of mental health
care or psychiatry. On the other hand, the following were
excluded: articles documenting the impacts of COVID-19 on
mental health and psychiatry in general, adaptations of the health
care offering carried out independently of the digital
possibilities, and uses of digital tools in mental health and
psychiatry independent of the COVID-19 outbreak.

In order to benefit from international experiences in an
unprecedented context where many countries were
simultaneously confronted with the same challenges, we chose
not to exclude references based on geographical criteria.
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Table 1. Search terms used to find articles for this review.

Search termsThesaurusDatabase

(“coronavirus” OR “covid-19” OR “sars-cov-2”) AND (“mental health worker” OR “psychiatry”
OR “mental health professional” OR “psychiatrist” OR “psychologist” OR “psychiatric nurse”
OR “e-professional in psychiatry” OR “e-mental health”)

YesPubMed

(MEDLINE)

(“covid-19” OU “sars-cov-2” OU “coronavirus”) ET (“psychiatrie” OU “santé mentale” OU
“psychologue” OU “infirmier en psychiatrie” OU “pair-aidant” OU “médiateur de santé pair”
OU “e-professionnel de la psychiatrie”)

NoCairn

Base set contains “covid-19” ET (“psychiatrie” OU “santé mentale” OU “psychologie” OU
“hôpital psychiatrique”)

YesBase SantéPsy (Ascodocpsy)

Study Detection
The search yielded a total of 558 documents, 39 of which were
duplicates that were excluded. The first two authors (HK and
JGB) preselected references by applying the inclusion and

exclusion criteria on abstracts and agreed to select 91 articles.
A careful reading of the documents resulted in the exclusion,
after consultation, of 30 more articles. Therefore, a total of 61
references were selected (Figure 1).

Figure 1. Flowchart of article selection for this review.
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Results

Contributions From the Use of Digital Technologies
in Mental Health Care and Psychiatry
This literature review shows that, in the context of the current
crisis and as professional practices need to adapt, publications
have been produced at a rapid rate. The use of digital
technologies appeared to be a crucial issue, which was addressed
in 61 articles in the year 2020 alone. Table 2 [5,7,12-70]
describes the characteristics of these articles, the digital
technologies they addressed, their main uses, and the fields of
application mentioned.

The methodological quality of these contributions turned out
to be quite poor, due to a lack of time and hindsight to carry out
more rigorous work. About half of them (30/61, 49%) were
feedback articles. They show the willingness of those involved

in psychiatry and mental health care to share their experiences
and innovations in the midst of the COVID-19 crisis. Such
publications reflect an acceleration in the exchange of
professional practices on an international scale. They used
diverse methodologies, ranging from personal narratives to
more collaborative and structured forms of feedback and
analysis of experience. The presence of 8 (13%) reflection-based
articles also shows the willingness of professionals to share
their concerns. Another set of 14 (23%) articles were literature
reviews, either narrative or systematic. In the end, of the 61
articles, only 9 (15%) were original research studies.

Selected articles included many countries, spread over five
continents, which were simultaneously confronted with similar
issues related to the use of digital technologies in response to
the pandemic. The largest number of articles concerned Western
and Northern Europe (n=24, 39%) and North America (n=23,
38%).
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Table 2. Characteristics and themes of the selected articles.

ReferencesStudies (N=61), n (%)Characteristics

Type of article

[12-41]30 (49)Experience feedback

[5,7,42-53]14 (23)Literature review

[54-62]9 (15)Study

[63-70]8 (13)Reflection

Location of study

[5,13,14,18,19,26,27,29,31,33,36,38,40,42,44,50,54,57,58,60-62,64,65]24 (39)Europe

[7,12,15,17,20-24,30,32,34,35,37,39,41,45,46,48,49,52,63,66]23 (38)North America

[16,47,51,53,55,67,68,70]8 (13)Asia

[25,43,59,69]4 (7)Australia

[28,56]2 (3)Africa

Digital tool

[22,24,26-35,37,39-41,47,50,52,58,59,61,66,68-70]45 (74)Videoconferencing

[24-27,32,33,35-37,39,51,59,60,62,68,69]27 (44)Telephone

[29,47-49,51,53-55,64,67]10 (16)App

[47-49,65,67]5 (8)Connected device

[30,53,56,68]4 (7)Website

[48,49,64,67]4 (7)Artificial intelligence

Use of digital tools

[5,7,12-21,23,25-29,31-38,41-43,46,48-50,52,57,58,60,61,63,65-68,70]44 (72)Patients’ follow-up and care

[35,44,49,51,53,54,56,62,64]9 (15)Public support for COVID-19

[17,19,21,30,34,39,50,67]8 (13)Group therapy

[22,25,45,49,60,62,65]7 (11)Assessment and diagnosis

[30,39,44,55,62]5 (8)Support for health professionals

[14,16,17,40,53]5 (8)Care of patients with COVID-19

[7,16,27,34,41]5 (8)Staff meeting

Domain

[5,7,14,15,17,20,21,24,25,28,34,40-44,46,50,52,55,57-60,63,66-69]29 (48)Psychiatry in general

[16,24,30,33,35,36,39,40,47,49,53,54,62,64]14 (23)Psychology

[44,47,49,51,53,56,62,64]8 (13)Mental health promotion

[13,18,29,32,37]5 (8)Child psychiatry

[31,38,56,61,65]5 (8)Geriatric psychiatry

[12,23,27,68]4 (7)Community health

[22,26,45]3 (5)Forensic psychiatry

[19,48,70]3 (5)Addiction

Adopting New Digital Technologies
Most of the articles selected for this literature review (45/61,
74%) mentioned the use of videoconferencing. This technology
has been used, in particular, in interventions with mental health
and psychiatric professionals who provide care for patients with
COVID-19 [30,39,55] or, more broadly, for the population
affected by the COVID-19 pandemic [40,51,62].

Videoconferencing consultations and group discussions took
place alongside on-site interventions and telephone helplines.

However, teleconsultation has been massively developed to
ensure continuity of care. Videoconferencing has made it
possible to maintain not only remote monitoring of patients,
but also therapy groups [17,48] and meetings between
professionals. This particular use of this technology at an
unprecedented scale has been developed at the intersection of
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two phenomena: the constraint of physical distancing measures
aimed at containing the epidemic and the achievement of a high
level of digital performance that allows for seamless use of
videoconferencing. This rapid expansion of teleconsultation is
perhaps the most important impact of the pandemic on the
organization of care in psychiatry [7]. This sudden evolution
has often gone along with the use of videoconferencing
platforms, such as Skype, Zoom, or Microsoft Teams, despite
their use raising security and confidentiality issues
[17,20,21,32,41,43]. Specialized digital health platforms, such
as MyChart by Epic, have been less frequently employed. In
some cases, the use of videoconferencing has been combined
with that of more familiar telecommunication tools, such as the
telephone [17,36,38,57,59], emails, or SMS [34]. In our
literature review, the telephone was the second most frequently
mentioned digital technology, with 27 out of 61 (44%)
references cited.

In most psychiatric services, however, this switch to remote
communication is not yet complete, forcing practitioners to
determine which activities require face-to-face meetings and
which ones can be done via videoconferencing [14,16,23,25].
In particular, in-person examination has been maintained for
patients who are deemed vulnerable and at risk [25].

As the number of remote consultations increased, prescription
procedures have also been impacted. In order to limit the number
of in-person appointments, practitioners have either used
tele-prescription or opted for prescriptions covering a longer
period. For treatments that require follow-up of specific clinical
parameters, such as Clozapine, which involves monitoring blood
counts, protocols have been made more flexible, sometimes
allowing for a remote assessment of the clinical condition of
patients [23,29,71].

In addition, 10 articles (16%) discussed connected apps and
devices. In particular, their authors highlighted the relevance
of connected apps and devices to assist remote monitoring
during the pandemic [48,54,64]. Although the analyzed literature
mentioned the potential of these new technologies, none of the
identified publications documented the possible increase in their
use in the context of a health crisis. Only 2 (3%) references
were about apps that enabled the connection between patients
and health professionals [51,55].

Heterogeneous Integration of Digital Technologies
Although the COVID-19 pandemic has stimulated the
development of telepsychiatry on all continents, our review of
the literature allowed us to glimpse variations between countries.
In the United States, due to the removal of regulatory barriers,
the shift to telepsychiatry has been massive and even total in
certain units, as illustrated by numerous publications
[15,24,32,34,37,41]. In many European countries, telepsychiatry
has gone from a niche practice to an essential modality for
providing mental health services; this has been so in Germany
[27], Spain [62], France [13,18,42], Ireland [19,29,50], the
Netherlands [57], and Switzerland [65]. Telemedicine was
adopted, even in countries such as North Macedonia, where
public policies had previously been rather opposed to it [58].
A similar situation was reported in Australia [25,43,69]. In some
cases, barriers persist, as in Canada, where the lack of health

insurance coverage for teleconsultation with mental health
professionals prevented its expansion during the pandemic [35].
Other countries, such as India, have been quick to innovate in
favor of integrating digital technologies [47,68], and they rely
on the development of telepsychiatry in order to increase health
care delivery, despite limited resources. Developing
telemedicine has been more difficult in some countries of the
Global South due to a lower spread of information and
communication technology [28,51]. Although advancing
heterogeneously, the COVID-19 pandemic has been stimulating
the integration of digital technologies into health care,
confronting many countries simultaneously with comparable
problems.

Within countries, these trends raise the issue of unequal access
to digital technologies. Consequently, the development of
telepsychiatry may disadvantage people living in poverty [23,63]
and older adults who do not have access to these technologies
[31,38,56].

Moreover, many authors have reassessed the appropriateness
of telepsychiatry depending on the patients and their disorders,
which had already been documented in the literature [3].
Telepsychiatry seems inappropriate for use with children whose
attention is difficult to capture from a distance [29,69], as well
as with older patients, who are less familiar with digital
technologies and frequently suffer from hearing and visual
impairments [38,60,61]. On the other hand, telepsychiatry is
likely to facilitate access to health care for youth who are
accustomed to new technologies [32].

Specific problems with the use of these technologies have arisen
in certain fields, such as forensic psychiatry [45,72], the
treatment of drug addiction [70], or electrostimulation
techniques [7]. Although facilitating some procedures [22],
remote forensic assessments are at risk of being disqualified for
“procedural defects” [45]. On the other hand, the possibility of
appearing in court by videoconference has prevented some
forms of stress for people with mental disorders [26]. With
regard to the treatment of drug addiction, specific difficulties
may be related to legislative measures taken to prevent the
diversion and misuse of certain drugs, by prohibiting
tele-prescription, among other restrictions [70].

These numerous contributions found in the scientific literature,
which were based on new experiments in the context of the
COVID-19 pandemic, have added to the established knowledge
about the relevance of telepsychiatry in different situations.

Experiencing New Conditions of Professional Practice
The use of telepsychiatry, which makes it possible to reduce
the risks of infection, has generated new conditions of practice
for many professionals, defining both new possibilities and
constraints. For independent practitioners, teleconsultation is
no longer necessarily a freely chosen practice [4], but a means
of maintaining their practice despite the restrictions imposed
by public health measures. In hospital services, the decision to
switch some services to a remote mode has been taken by those
in charge in a more or less constrained way, or more or less
consensually. Many professionals have had to adapt their
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practices, even though they were initially hostile to the use of
digital technologies [5,42].

It should be noted that this new digital work experience has
sometimes been associated with teleworking from home [27,33],
in a general context of lack of preparation. Most of the
professionals concerned were not trained in telepsychiatry
follow-up, and some were not very comfortable with new
technologies [33]. At the same time, they had to learn how to
use digital technologies to support their patients, manage their
own stress, and sometimes set up home-based work processes
[15,52]. The accumulation of all these tensions can lead to
emotional exhaustion [52].

Professionals teleworking from home have been confronted
with unprecedented situations of temporal and spatial
juxtaposition of both their professional and personal lives. This
juxtaposition requires “psychological work to differentiate
between private and professional lives that is more costly than
usual” [33]. However, other authors mention that telework can
also facilitate work-life balance in psychiatry [41,60], and
practitioners reported that caring for a patient while teleworking
nevertheless had a positive impact on their well-being in the
midst of the crisis [41].

Moreover, the use of digital technologies, especially as their
use is improvised and unframed, is likely to lead to an increased
workload. Professionals may be exposed to an accumulation of
requests through multiple technologies: videoconferencing,
telephone, email, and SMS [15]. For them, the extensive use of
videoconferencing can be a source of fatigue [24,52], described
as “Zoom fatigue” [34], and a source of stress [34,52]. This
fatigue is related to efforts to communicate and establish a
relationship via videoconferencing [15], to the difficulty of
sticking to a schedule with time slots that are explicitly dedicated
to each patient, and to all the operations required to disconnect
and reconnect to each device [34]. And yet, after overcoming
technical and organizational obstacles, professionals can take
advantage of those digital technologies, which can also bring
more flexibility and help them save time [57], as documented
in research prior to the pandemic [73].

Having experiences of care relationships reshaped by digital
technologies in the context of this pandemic, psychiatric and
mental health professionals have been using videoconferencing
and the telephone to follow up on many patients. For health
care providers, the COVID-19 crisis has been an opportunity
to build up their experience of remote health care monitoring
and, thus, better understand the possibilities and limitations of
such digital technologies. This unprecedented context forced
them to reinvent “relational mental health” [42]. Among other
consequences, telepsychiatry favors more fragmented care
modalities, with shorter and more frequent encounters [15,57].

Furthermore, although the effectiveness of telepsychiatry had
already been documented [3,50,74], many professionals were
skeptical about the possibility of establishing, maintaining, and
strengthening a therapeutic relationship [66]. They feared that
they would lose not only human contact, but also control over
their image [3]. Some feared that the screen would become a
barrier to the therapeutic process [29]. After experiencing
telepsychiatry in the context of the health crisis, assessments

remain contrasted [20]. Some authors mentioned that
teleconsultation tends to hinder verbal and nonverbal
communication [20,30,34,48,53]. In addition to the difficulty
in grasping nonverbal body language [20,34,53], it is no longer
possible to smell odors [46,53], see how patients are dressed,
and perceive certain attitudes [46]. Communication must do
without physical contact, such as greeting each other with a
handshake [29], and empathy can no longer be manifested by
comforting gestures [61]. Videoconferencing introduces a new
mode of presence to the other, sometimes inducing a feeling of
dissonance due to audiovisual presence and bodily absence [20].
The feeling of intimacy and confidence is not the same as in a
closed office, and consultation no longer benefits from a separate
space and time but is embedded in everyday life [30].

The professionals were also led to discover the advantages of
digital technologies. The use of videoconferencing can be an
opportunity to better contextualize some information, since part
of the patient’s environment is made visible [16,53].
Teleconsultation can also make it possible to remove certain
inhibitions and to access the unconscious more easily [9]. A
few authors identified advantages of telephone consultations
over videoconferences, especially for short talks [55]. In some
cases, conducting telephone consultations allowed patients
greater freedom of expression and allowed professionals to
listen more carefully [14].

Although telepsychiatry allows for a large number of follow-up
consultations, several authors mentioned that the greatest
difficulty was in establishing a therapeutic relationship without
a prior face-to-face encounter [46]. As a result, in the context
of COVID-19, psychiatric and mental health professionals
tended to postpone work on trauma, focusing instead on
maintaining the patient’s well-being and encouraging activities
to achieve this goal [34]. With regard to diagnosis, almost all
professionals interviewed in a study that was conducted in
Ireland reported that they were less comfortable making a
diagnosis based on a telephone consultation [56]. Similarly,
conducting neuropsychological assessments from a distance
presents specific difficulties [14,61].

Although already documented, the possibilities and limits of
telepsychiatry were highlighted by the COVID-19 epidemic,
illustrating how experience can help to gradually shape new
therapeutic practices integrating digital technologies.

Discussion

Principal Findings
The profusion of articles identified in the framework of this
literature review shows how much the COVID-19 crisis has
raised issues about care practices in psychiatry and how they
integrate the available digital technologies. Such integration
proves to be heterogeneous, depending on local contexts and
regulations, but also regarding the fields and modalities of care.
The use of videoconferencing has had an impact not only on
the working conditions of mental health and psychiatric
professionals, but also on the care relationships they maintain
with their patients. This sudden shift to remote care has
prompted professionals to publish papers about their experiences
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with telepsychiatry, sometimes in a naive way, without building
on pre-existing research.

Lack of Preparation Confronting Professionals With
Ethical Questions
The experience of videoconferencing, in a context where mental
health and psychiatric professionals had not been prepared for
it, calls into question the quality of care [60]. Many professionals
have used teleconsultation without training or knowledge of
existing protocols and recommendations [75]. This lack of
preparation pushed them to improvise and confronted them with
ethical dilemmas. This unprecedented situation raises questions
about privacy and the protection of personal data [47] as well
as the risk of increasing inequalities in access to health care
[48,50,63]. Indeed, the rapid expansion of telemedicine hinders
access to health care for patients who do not possess, nor are
proficient in, the necessary technology [9].

To guarantee the best conditions for confidentiality, special
attention should be paid to the choice of digital technologies to
be used. In the context of the current crisis, this choice has been
little considered and is essentially based on pragmatic
considerations. The use of new technologies requires special
precautions, such as using headphones, consulting in a closed
room, and disconnecting when absent [20]. Therefore, their use
requires awareness and support from professionals in order to
ensure the protection of personal data [47]. In addition, remote
intervention involves knowing where the patient is and what
local resources are available to respond to emergency situations
[75].

The partial or total shift to remote consultations also raises the
issue of equity in the provision of health care. Many
professionals have been forced to identify vulnerable patients
who require face-to-face encounters and those who can be
monitored remotely [14,15,23,25]. This process of triage and
separation between patients has confronted them with ethical
dilemmas, particularly in the case of patients who are at risk of
both a relapse of their mental illness and developing severe
forms of COVID-19. Guidelines were sometimes developed to
help identify patients for whom a face-to-face appointment was
absolutely necessary [12]. Some authors warned against
excluding vulnerable people or people living in poverty who
do not have access to the internet or are limited by low digital
literacy [63,68]. The situation of older adult patients, who are
often unfamiliar with new technologies, also requires special
attention. Not supporting them in the use of these tools
constitutes a form of ageism [31]. Not only are older people not
always averse to new technologies, but the issue of distance is
all the more important as they are vulnerable to COVID-19 [65].
The experience of these new uses of digital technology opens
the way to forms of differentiated care that make it possible to
adapt care delivery to patients’ preferences, in order to improve
the overall quality of care.

Uses That Do Not Exploit the Full Potential of Digital
Technology
In showing many professionals the potential of digital
technologies, the COVID-19 crisis also revealed the extent to
which their nonuse can be an ethical challenge. Digital

technologies can reduce regional inequalities in access to health
care [52] and can prevent significant costs and travel time
[18,68]. Moreover, many patients have expressed their
satisfaction with their experience of telepsychiatry [19,32,46,58],
which confirms previous data from the literature [3]. Although
some patients feel less supported in teleconsultations, others
appreciate the freedom to access health care from an online
platform [19]. Telepsychiatry can also foster patient autonomy
[19,50,76] and the development of a form of empowerment that
health organizations have been advocating for [77]. For example,
it allows patients to record consultations in order to fully
assimilate the information, thus increasing their power to act
on the care relationship [50]. The experience of
videoconferencing has allowed some professionals to overcome
part of their initial reluctance [6] and to realize how valuable
the virtual space of teleconsultation can be for building certain
forms of intimacy in the therapeutic relationship [76,78].
However, in emergency and unpreparedness contexts, the
experience of telepsychiatry did not take place in optimal
conditions for their appropriation. In particular, some
professionals experimented with videoconferencing when they
were teleworking and not in their offices. The COVID-19 crisis
has, nevertheless, made visible the extent to which digital
technology can be a driving force for change in psychiatry [26].
It paves the way for the development of a hybrid care system
integrating the strengths of teleconsultations as a complement
to face-to-face encounters [3,8,76].

However, while the use of teleconsultation has been significant,
professional uses of apps and connected devices do not seem
to have been as stimulated by the health crisis. According to
some authors, the pandemic, nevertheless, made it urgent to use
such tools in order to intervene on a large scale to relieve the
mental health burden induced by the crisis [54,67,79]. By
providing clinical information, dedicated apps can also help to
develop more personalized care plans [67]. The possibilities
offered by digital phenotyping open up new perspectives for
remote monitoring and assessment, making it possible, in
particular, to detect the occurrence of disorders or relapses
[48,49]. Even in a crisis context, the use of these tools has been
hampered by the lack of both evaluations proving their
effectiveness [54,64,79] and appropriate regulations [64].
Although the use of digital technologies has been stimulated
by the crisis, in health care systems, it has essentially consisted
of a transfer from in-person consultation to teleconsultation. In
the end, health care has not taken full advantage of the specific
intervention potential of digital technologies and artificial
intelligence.

Challenges to Better Integration of Digital Technologies
in the Organization of Health Care
The COVID-19 health crisis questions the organization of care
and the way it integrates new possibilities offered by digital
technology. The scientific publications that we have identified
mainly addressed the issues related to teleconsultation,
sometimes ignoring previous research. The impact of the use
of digital technology on relationships between professionals is
poorly documented. However, the use of digital technologies
is reshaping the conditions of teamwork and allows for new
modalities of interprofessional collaboration [80,81]. The stakes
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are high, since digital technologies open up the possibility of
numerous contacts between professionals working in different
places. In particular, they make possible new collaborations
between mental health and somatic professionals, and they allow
a reorganization of consultation-liaison psychiatry. Constraints
also need to be examined, since videoconference work meetings
reduce interactional diversity, especially informal interactions.
Such development is likely to affect well-being at work and
social support between professionals in the context of crisis.
However, other research has shown that telepsychiatry can allow
professionals to optimize their working time and reduce their
risk of burnout [73]. Remote team management, however,
requires specific approaches [80].

Digital technologies also question the place of users and their
relatives in the organization of care. As a result of the increase
in outpatient and remote follow-up during lockdown periods,
many patients have become more autonomous in managing
their mental health [50]. Telepsychiatry can support the
development of integrated patient-centered care, allowing for
a more precise match between health care providers’ skills and
patients’ needs [81]. Families have also been placed in the front
line, pushed to take on new responsibilities [18,68]. Because
community health services limited their travel, families relied
more heavily on community resources [23]. New possibilities
offered by digital technology thus invite new research to be
conducted into community-based approaches to mental health.

Conclusions
The COVID-19 pandemic has led to new uses of telepsychiatry,
with the aim of ensuring continuity of care while limiting the
risk of transmission of SARS-CoV-2. Such expansion was
essentially characterized by the integration of videoconferencing
as a new framework for consultation. Many mental health and
psychiatric professionals started experiencing remote health
care monitoring and assessment in a hurry and with no
preparation. They have become familiar with the constraints,
possibilities, and assets of care relationships in this type of
context. These new conditions of professional practice have
confronted them with ethical questions, such as equity in access
to care. Existing research resources and data could be mobilized
to enable these professionals to better leverage the benefits of
digital technologies to complement face-to-face meetings.
Further interdisciplinary work will be needed to better
understand variations in digital technology uses across countries.

The use of digital technologies during the COVID-19 epidemic
have shed light on the organization of mental health and
psychiatric care, and about the place of users within this context
of care. In a context where hospitals and health centers are no
longer the only spaces where care and support are delivered,
access to care and “decoding” the eHealth world constitute a
pillar of tomorrow’s public health [71].
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Abstract

Background: Video consultation is increasingly used in different health care settings to reach patients. However, little is known
about telehealth in psychological counselling for vulnerable patients with somatic and chronic conditions such as rheumatoid
arthritis and diabetes.

Objective: This study aimed to develop and pilot test a telepsychology module for inclusion in the app My Hospital (Mit
Sygehus) to provide remote psychological counselling to vulnerable adults with either rheumatic diseases or diabetes.

Methods: With inspiration from participatory design, the content of the telepsychology module was developed through user
involvement and evaluated by individual interviews with patients and psychologists as well as questionnaires.

Results: We developed a module with our patient partners that targeted patients with rheumatic diseases and diabetes in relation
to the psychological challenges of living with chronic diseases. The module included information, tools, exercises, and
videoconferencing. In total, 16 patients and 3 psychologists participated in the pilot test. Psychological counselling was described
by 4 themes: “The good relation despite physical distance,” “The comfort of being at home,” “The pros of saving time on transport
and energy,” and “A therapeutic alliance at a distance.”

Conclusions: Psychological counselling in relation to somatic care can be provided by videoconferencing supported by web-based
or mobile delivery of tailored information, tools, and exercises without compromising on the quality of care. To ensure a good
alliance between the patient and psychologist, a first face-to-face meeting is important. The home location provided patients with
a safe environment and increased accessibility and reduced travel time to the hospital.

(JMIR Hum Factors 2022;9(1):e30829)   doi:10.2196/30829
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telehealth; videoconferencing; app; co-production; co-creation; psychologist; psychology; rheumatic diseases; diabetes; mobile
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Introduction

Telehealth in rheumatic and diabetes care is increasingly used
to reach patients in rural areas as well as to maximize patient
care in terms of reduced travel time to hospital sites and the
convenience of consulting with clinicians from the patients’
own homes [1-4]. Lately, the COVID-19 situation has changed
the way health care services are being delivered, with an increase
in the use of telehealth [5,6]. Hence, there is currently a
momentum for telehealth globally [6], which is important to
build on, as the uptake of telehealth (eg, videoconferencing) in
clinical practice has been slower than expected because of
factors such as immature technology or unwillingness of health
care professionals to adopt the new service [7,8]. In general,
research has shown that patients are satisfied with psychotherapy
provided through telehealth [9-11]. Furthermore, telehealth and
telemental health have been shown to be as effective as
in-person care [12,13]. Thus, several studies have shown
videoconferencing to be safe and to have the same (or better)
clinical effect as traditional consultations. Among others, these
studies included patients with diabetes, heart failure, cancer,
depression, and posttraumatic stress disorder [8,10,12,14]. In
addition, a review on telepsychology has shown that video or
phone sessions are effective for the treatment of conditions such
as depression and anxiety [15]. Despite the growing empirical
support for telemental health and telepsychology with regard
to efficacy and patient satisfaction, literature on telepsychology
for patients with somatic chronic conditions, such as rheumatoid
arthritis and diabetes, is sparse. The term telepsychology is
defined as “the provision of psychological services using
telecommunication technologies” [16].

It is well known that patients with rheumatic diseases, such as
rheumatoid arthritis, face challenges because of symptoms
including joint or muscle pain and fatigue [17] and that many
aspects of daily life in patients with diabetes are also
significantly impacted because of psychological challenges,
depression, and anxiety [18,19]. These challenges as well as
the risk of depression, anxiety, and disease-specific distress can
result in significant health consequences because of reduced
coping strategies and self-management. Hence, psychological
support and treatment are important in the care of patients with
rheumatic diseases and diabetes [20,21]. However, there might
be barriers to seeking help, which include comorbidities,
geographical and time constraints, limited personal resources,
and individual concerns. Even though Denmark is a small
country, distance to the hospital is an important factor for
inequality in the availability of health care services. In the long
run, distance will also affect the individual patient’s ability to
receive treatment because of the development in the Danish
health care system where many treatment options (eg,
disease-specific psychological counselling) are grouped at
national university hospitals (6 in Denmark). Also, finances can
be a barrier if patients are referred for psychological care
(self-payment) by their general practitioner. Finally, it is
inevitable that health care systems must change the manner in
which health services are delivered because of demographic
changes in patient populations, that is, increased aging
population and burden of diseases, and must ensure equal access

to health care. Telepsychology might be a way to address these
barriers. A literature search has revealed sparse knowledge on
telepsychology, telehealth, and psychological counselling for
patients with rheumatic diseases as part of their somatic
treatment. However, web-based psychoeducational intervention
for patients with fibromyalgia syndrome has been shown to be
effective on psychological variables [22]. Similar results were
seen for a web-based program for youth with juvenile idiopathic
arthritis [23]. Finally, a web-based, tailored cognitive behavioral
intervention for patients with rheumatoid arthritis and a
psychological risk profile has shown a positive effect on
psychological outcomes [24]. In the field of diabetes, studies
have demonstrated the effect of a web-based self-help tool in
improving patients’psychological well-being [25]. Group-based
sessions with a focus on fear of hypoglycemia delivered
remotely through telemedicine to parents of young children
with type 1 diabetes (1-6 years of age) [26] and an mHealth
service with automated interactive voice response that monitors
patients’self-management, provides immediate problem-tailored
support, and connects to clinicians and the appropriate family
members for feedback have also shown to be effective [27].
Furthermore, web-based psychotherapy programs have been
shown to be effective in reducing depressive symptoms in
patients with both type 1 and 2 diabetes [28]. There is a lack of
knowledge about the use and acceptability of telepsychology
compared to usual practice (same-room sessions). However,
existing literature underpins that web-based psychotherapy may
be effective in providing psychological counselling remotely.
One such tool for telepsychology is the Region of Southern
Denmark’s app My Hospital (Mit Sygehus). Launched in 2014,
My Hospital provides relevant information to patients and their
relatives. It consists of modules for each department in the
region’s hospitals. My Hospital is easily available and free of
charge. My Hospital is available in the App Store and Google
Play as well as in a web version [29]. In general, the tools in
the app are available without the need for individual user login.
However, a personal login is needed to use features of the app
where personal information and data are collected, such as
videoconferencing, to comply with data protection regulation
(the personal login for the app is secured and encrypted).

Hence, the purpose of this study was to develop and pilot test
a telepsychology module for inclusion in My Hospital to provide
remote psychological counselling to vulnerable adult patients
with either rheumatic diseases or diabetes.

Methods

This study was inspired by participatory design where the idea
is to engage users to innovate and develop technologies in
collaboration with developers [30]. In a traditional participatory
design project, the users would be engaged from the beginning
and throughout the study to ensure that the technology meets
the end user’s needs [31]. In our case, we did not follow the
participatory design methodology strictly, but engaged a former
patient to participate in the development of the telepsychology
module along with a colleague specialized in communication,
information technology (IT) specialists, clinicians, and
researchers. After the development phase, the patients referred
to psychological counselling were invited to participate in the
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project and pilot test the module, including videoconferencing,
and provide input for adjustments or changes.

This study was inspired from hermeneutics, where the
perspective has been to understand the participants’ lived
experiences in relation to living with rheumatologic diseases
and diabetes to develop a service that meets the patients’ needs
[32].

Sample and Context
The participants were treated, followed, and recruited at the
Department of Rheumatology and Steno Diabetes Center
Odense, Odense University Hospital, Denmark. Patients were
referred by nurses or doctors at the outpatient clinic to the
department’s psychologists because of psychological challenges
arising from living with chronic rheumatic disease or

diabetes. The sampling was purposive and patients aged ≥18
years with rheumatic diseases or diabetes were considered
eligible; however, the psychologists assessed the burden of
disease. Thus, patients excluded were those who did not have
any device at home (computer or tablet) and those who were
assessed by the psychologist to be too sick for inclusion in the
study, such as patients with very severe psychological problems.
Furthermore, 3 psychologists participated in the study. The
psychologists were master-level counsellors: 1 was newly
qualified, 1 had a few years of experience, and 1 had more than
5 years of clinical experience.

Data Collection
Data collection was divided into 2 processes (Figure 1) and
performed between October 2018 and December 2019.

Figure 1. Data collection.

Development of Prototype
First, a mock-up of the module including information and tools
was developed based on clinical and specialist knowledge from
the psychologist (unblended when published). The mock-up
was discussed and re-designed in collaboration with a patient
diagnosed with rheumatoid arthritis and a professional
communicator specialized in patient involvement. The
information and tools in the module were adjusted in an iterative
process until they were accepted by all. Data were collected
through track-change, notes, and meetings. Based on the
feedback and changes, a prototype of the module was developed
and included in My Hospital. The module included information
on aspects such as everyday life with chronic disease, concerns,
and acceptance, a worksheet with the cognitive behavioral model
[33], and a description of mindfulness-based exercises. Thus,
these could be used as basis for homework between the therapy
sessions. Figure 2 shows a screenshot of My Hospital. The next

step was test sessions, as videoconferencing has not been used
for psychological counselling. My Hospital was updated to
include videoconferencing. First, the technology for
videoconferencing was tested, and login instructions were
developed together with the patient, clinician, and IT specialist.
The app and videoconference were integrated (partly) in the
electronic patient record, allowing easy access for clinicians
and integration to the booking system. The second author (JDM)
conducted test sessions together with the patient to facilitate
mutual learning throughout counselling. Psychological
counselling was mainly based on cognitive behavioral therapy
[33] and acceptance and commitment therapy [34]. Counselling
consisted of conversation, exercises, and homework. The test
sessions had a special focus on communication and the
therapeutic alliance in relation to the counselling. Data on shared
reflection and experiences with the technology were collected
through notes.
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Figure 2. My Hospital.

Real-life Test of the Service—the Intervention
Three psychologists from the departments were involved in the
service, and 16 patients were invited to participate in the real-life
test, in which usual counselling (individual planned sessions
including 2-8 sessions) was converted into videoconferencing
supported by the module in My Hospital and included
information, tools, and exercises and homework between
sessions. However, the first session was performed face-to-face
at the hospital to ensure good relation as an important starting
point for counselling. Furthermore, the psychologist was able
to assess whether videoconferencing would be relevant and safe
considering the severity of psychological problems.

The patient was given written instructions on how to access the
app or web platform My Hospital and how to use My Hospital
for videoconferencing as well as relevant contact information
(phone numbers for the psychologists and IT support). The
patient was verbally informed about the option of
videoconferencing as an alternative to same-room counselling,
necessary equipment (tablet or computer with a microphone
and a camera, a well-functioning internet connection), a plan B
in case of technical issues or dissatisfaction with the
videoconferencing format (telephone counselling or same-room
counselling), and the option of trying out videoconferencing
with IT support before the first videoconference with the
psychologist.

Results from the first phase showed that necessary equipment
included a computer or a tablet with a camera, a microphone,
and a strong internet connection. Smartphones were not
recommended because of the small screen size and because they
are hand-held devices. The study was based on “bring your own
device” to minimize cost. Patients were automatically notified
15 minutes before a preplanned videoconference through a
notification from My Hospital. This allowed the patient to “sign

in” to the video platform so that the psychologist could start the
videoconference. Data from the testing phase were collected
through individual, semi-structured interviews with patients,
and psychologists. MJR and JDM carried out the interviews.
All interviews with patients were conducted by telephone or in
the same room. The interviews varied between 30 and 60
minutes. All interviews were audio recorded. In addition, a short
questionnaire was automatically sent to the patient by My
Hospital after each videoconference. Furthermore, statistics
from My Hospital showing the “click-rate” on different topics
and indicating the topics that the patients read the most were
collected. Finally, psychologists were asked to fill in log books
on experiences with videoconference.

Analysis
The data from the development phase were used to adjust and
re-design the tool as well as to create preliminary guidelines
for the service using a PDSA (Plan-Do-Study-Act) cycle
approach [35]. The qualitative data from the second phase
(real-life test) were analyzed by Braun and Clark’s text
condensation [36]. First, we (MJR, MNJ) captured an overall
impression of the data and extracted a preliminary set of main
themes. Second, data were divided into meaningful topics
relevant to the research question. Then, the topics were
condensed and coded. Finally, the findings were synthesized,
which involved a shift from condensation to descriptions and
categories.

Ethics 
According to Danish law, qualitative studies do not require
approval from scientific ethics committees. However, this study
was approved by the Danish Data Protection Agency (18/51158).
The participants received both oral and written information
before signing informed consent in compliance with the Helsinki
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Declaration. Data were stored and secure in a logged SharePoint,
Region of Southern Denmark. Results

Results from the real-life pilot test are presented below. In total,
16 people agreed to participate in this study. Characteristics of
the participants are shown in Table 1.

Table 1. Characteristics of participants (n=16).

ValueCharacteristic

Gender, n

3Men

13Women

25-59Age (years), range

Diagnosis, n

13Rheumatologic diseases

3Diabetes

Number of sessions

4.3Mean

2-10Range

Types of session, range

1-3In-person session

1-6Video session

0-3Telephone session

Distance to hospital, km

53Mean

4-130Range

A total of 45 videoconferences were conducted. All counselling
sessions were of a shorter duration, varying from 1 to 10
consultations (including face-to-face and telephone
consultations). Of the 16 patients, 6 (38%) agreed to participate
in an individual interview. The remaining 10/16 (62%) patients
were not able to participate because of their psychological state.
Furthermore, individual interviews were conducted by 2
psychologists, and questionnaires were answered by patients
after each videoconference.

Results From Individual Interviews With Patients
The thematic analysis revealed the following 3 themes: “The
good relation despite physical distance,” “The comfort of being
at home,” and “The pros of saving time on transport and
energy.”

The Good Relation Despite Physical Distance
In general, all participants had a good relationship with the
psychologist despite the use of videoconferencing instead of
same-room counselling. The foundation was established in a
first same-room meeting, which all the participants described
as very important to establish a trusting and safe environment.
One woman said, “Initially, you do not know who you are going
to meet, so it is nice to meet face-to-face” (Patient #4). However,
one participant stressed that even though the relation was
different from that in a same-room meeting, it was still good
enough to ensure valuable counselling.

It’s different (video conferencing)...although I would
like to give in…it’s just not the same as when we sit
in the same room. [Patient #2]

On the other hand, some (3/6) of the other participants stated
that videoconferencing was as good as same-room meetings.
Thus, the majority (4/6) of participants did not see
videoconferencing as a barrier for the topics and issues to be
discussed. One major reason for that was the professional skills
of the psychologist in ensuring high-quality counselling through
videoconferencing.

The psychologist is really good and she does well on
video. She is present and the relationship is almost
as good as when we meet face-to-face (in the
same-room). [Patient #2]

The participants felt that the psychologist not only had
professional skills but also had special skills in relation to the
use of technology and videoconferencing, that is, making eye
contact, using appropriate tone of voice, pausing, and using
tools.

Although the experience of videoconferencing use was positive,
technical problems were described as an important barrier. The
majority (5/6) of participants experienced different types of
technical problems, all of which affected the session. However,
the participants managed to continue the session by video, and
they highlighted the importance of a “plan B” if there were
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problems such as knowing how to reconnect to video or switch
to a telephone call.

The Comfort of Being at Home
In general, the participants had a very positive experience of
the “home” sessions, as their home provides a safe environment.
As 1 participant said, “I could cry...I had a secure environment,
it's my home after all” (Patient #4). However, the participants
stressed that there are certain challenges when therapy is
provided at home. Sessions at home were new to everyone in
the household and this required special attention. The
participants had to find a suitable room for the conversation,
and some (2/6) of the participants experienced lack of respect
from family members. One participant said, “they just opened
the door and came in…my husband…Oh, I just wanted to pick
something up” (Patient #2). Lack of privacy was described by
some (2/6) of the participants as something they had to talk
about with their family members. On the other hand, one of the
participants had her husband join the session. In general, the
possible barriers at home were minor compared to the benefits
of staying at home to “avoid transport and fatigue” (Patient #5).

The Pros of Saving Time on Transport and Energy
All participants described the benefit of not having to go to the
hospital for counselling. Even for patients who live near the
hospital, it could be stressful and take a lot of energy not only
because of driving but also because finding a parking space can
sometimes be impossible. Patients with rheumatic diseases (6/6),
in particular, found it beneficial to stay at home, as their
conditions were often associated with severe fatigue. As 1
patient said, “... when you do not have any energy left it doesn’t
matter if you have to drive 1 or 50 kilometers” (Patient #4). The
energy saved by staying at home was valued as important, and
it enabled patients to participate in sessions and not cancel even
on “bad days,” as the energy saved could be spent on counselling
instead. One participant said, “So even though it had been a day
with pain and lack of energy, I didn’t have to take the car, I just
had to open my computer” (Patient #4). All participants
described the benefit of saving time on transportation as saving
energy, which enabled them to “use your energy on the right
things” (Patient #6).

Results From Individual Interviews With Psychologists
The interviews with psychologists revealed another meaningful
theme: “A therapeutic alliance at a distance.

A Therapeutic Alliance at a Distance
In general, the psychologists were a little skeptical about the
use of videoconferencing, and they questioned whether it was
good enough and whether the therapeutic alliance could be built
and maintained. They were worried about technical failure, as
it would affect the alliance and leave patients on their own. On
the other hand, the psychologists described how patients might
benefit from the service, as many patients deselect same-room
counselling because they already have too many appointments
at the hospital and lack the personal resources to participate.

But there is also a unique opportunity to reach out to
those who do not have the personal resources as it is

takes too much energy and might have anxiety as well.
[Psychologist #1]

Thus, the benefits of videoconferencing compensated for the
risk of technical problems. With time, the psychologists
experienced that the therapeutic alliance was the same as that
in same-room counselling. However, to ensure a good
patient-psychologist alliance, both psychologists stated that the
first session should always be face-to-face in the same room.
Furthermore, they described how videoconferencing actually
provided extra information, as the psychologist met the patient
in their home and got a view of the patient’s daily life.

…it also affects the alliance as I can see a part of
their life that I do not otherwise have access to,
namely their home. [Psychologist #2]

The benefits for patients were evident for the psychologist, as
the home provided a safe environment for the patient. One of
the psychologists said, “... I actually do not think there is a big
difference (in the contact and alliance same-room versus video
conferencing)…” [Psychologist #2].

However, it took courage to try videoconferencing because
psychologists have to move away from the well-known
consultation room to video. They described a feeling of losing
control because of the unknown. In this new “room,” technology
played a significant role because the risk of failure and technical
breakdowns led to concerns among the psychologists, as it could
prevent delivery of good, high-quality service. Especially in
complex cases, the psychologist needed a sense of safety and
in these cases, they were more concerned about the technology
and distance to the patient.

...if I picked up something like a trauma, I was very
aware of getting the patient to a same-room
counselling next time. [Psychologist #1]

Despite the concerns about the technology, the psychologists
found that the videoconferences combined with the information
and tools in the app were a good alternative to face-to-face
sessions even though the technology might break down.
Becoming familiar with the service was described as important,
and the psychologists described how they had to develop new
communications skills for videoconferencing to facilitate a good
therapeutic alliance, for example, a plan B if the video failed.

...the patients also adapt fairly quickly (red. to video
conferencing) when it has small delay in the sound
or picture… you might interrupt each other…but it
was okay as it did not impact on the conversation or
the therapeutic alliance. [Psychologist #2]

Results From the Questionnaires
A brief questionnaire was released in My Hospital after each
videoconference with the purpose of obtaining the patient’s
immediate assessment of the counselling. A total of 16 patients
completed the questionnaire. Data showed that the most common
reason for choosing a virtual session again was “saving time on
transport” followed by “Physical challenges e.g. parking, stairs.”
The questionnaire also evaluated the information, accessibility,
and quality of the virtual session. The results are shown in
Figure 3.

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |e30829 | p.877https://humanfactors.jmir.org/2022/1/e30829
(page number not for citation purposes)

Rothmann et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 3. Evaluation of the service (n=16).

Overall, videoconferencing was associated with a high degree
of satisfaction with respect to information about the
videoconferencing, the overall experience, the use of My
Hospital, and the quality of sound and picture. However, data
showed that there is room for improvement, as 6/16 (38%)
participants rated sound quality as average or poor and 3/16
(19%) participants rated the quality of the picture as average. 

Data From the App
The telepsychology module including information and tools in
the form of text, videos, audio files, pictures, exercises, and
videoconferencing was included in My Hospital. Once patients
had been assigned to a treatment pathway in My Hospital, they
could see an overview of topics related to the psychosocial
challenges that can arise from living with a chronic disease.
Data from My Hospital showed that topics such as “fatigue,”
“pain,” “when illness strikes,” and “when illness is invisible”
had the most views.

Discussion

Principal Findings
This study aimed at developing and pilot testing a
telepsychology module for inclusion in My Hospital to provide
remote psychological counselling to vulnerable adult patients
with either rheumatic diseases or diabetes and psychological
problems. The findings revealed that telepsychology and
psychological counselling in relation to somatic care can be
provided by videoconferencing and supported by tailored
information, tools, and exercises.

To meet the needs of patients, we co-created a module in My
Hospital together with a patient, a psychologist, a staff member
specialized in patient communication, and IT experts to ensure
inclusion of relevant knowledge from all participants [37]. The

module contained information on aspects including everyday
life with chronic disease, concerns, and acceptance, a worksheet
with the cognitive behavioral model [33], and a description of
acceptance and commitment therapy–based mindfulness
exercises [34]. In line with previous studies using web-based
tools [22-25,28,38,39] we found the module to be feasible and
accepted by the patients. However, the module did differ from
that in previous studies in that our module was designed to
support the psychological counselling provided by
videoconferencing. Hence, feedback on worksheets and
exercises was given by the psychologist during counselling and
not as interactive self-help [25], email messaging service
[24,39], or phone calls [23]. Our study revealed that the patients
found psychological counselling provided by videoconferencing
to be a good alternative to same-room counselling at the hospital.
This is supported by the findings of prior research evaluating
telephone versus videoconferencing [40] and videoconferencing
versus same-room–delivered therapy [41]. However, our study
sample was relatively small, and it cannot be concluded whether
videoconferencing is appropriate for all patients. Thus, the
psychologists assessed some of the patients to be too vulnerable
and sick for videoconferencing for reasons such as trauma.
There is a need for evidence that can help us define specific
populations who may most benefit from telepsychology,
including videoconferencing and web-based counselling, and
who may not. However, there is no evidence that counselling
provided by videoconferencing can be harmful, and in general,
it seems that patients benefit from the use of videoconferencing
and web-based tools [2,42,43]. Still, existing literature shows
that clinicians’ willingness to use and acceptance of telehealth
are important for implementation [7]. In line with prior research
findings on cost, travel time, and flexibility [26,44,45], our
findings highlight the importance of being at home and saving
time and energy, which can be of great importance to vulnerable
patients. However, Matsumoto and Barton [2] point out that the
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increasing use of telehealth might introduce inequality because
of lack of access (high-speed internet and smartphones). On the
other hand, one could argue that patients might not get access
to counselling if clinicians do not adopt the new service because
of barriers such as cost and travel time. To minimize some of
the barriers in telehealth, it is also important that the patients
are interested in the service, have adequate IT skills, and have
access to the necessary equipment [42]. We found that the
module included in My Hospital was easy to access and use
from the user’s own device (PC, tablet, or smartphone).
Smartphones worked well for the module targeting information
on the psychological impact of chronic diseases, but PCs or
tablets were recommended for the videoconferencing to support
a good relation and the psychological alliance, as they provide
better picture, sound, and view of body language. Today, internet
access and mobile technologies are an integrated part of
everyday life for a large proportion of the population in
industrialized countries, including Denmark. According to the
most recent data from Statistics Denmark (2020), 95% of the
Danish population has internet access [46], 90% have
smartphones, 60% of families have tablets, 88% have laptops,
and 36% have static PCs [47] in their homes. Thus, there might
be a small proportion of the population without access to
telehealth services. This could be managed by hospitals through
the offering of tablets on loan to patients who need it. Moving
of the therapy room to the home was well accepted, as the home
provided a safe environment. However, this changed the setting
at home, as the patients and their families were unfamiliar with
videoconferencing and did not respect or think of the need for
privacy during the sessions. Our findings stress the need for
articulating issues of privacy in the family and to ensure that
the patients are able to find a private space at home for the
sessions. In addition, our findings revealed that it is important
to have a clear-cut plan B if the technology or internet
connection fails, as it could leave the patient vulnerable. In line
with findings from studies on telemental health [11] and
internet-based cognitive behavioral therapy [48], this study
found that videoconferencing facilitated the therapeutic alliance
as well as same-room counselling.

Strengths and Limitations
A limitation of this study is that it was a small-scale study.
However, the aim of this study, like other small-scale qualitative
studies, was to provide in-depth exploration of the phenomenon
under investigation. Therefore, the intention of this study was
to develop and investigate the potential of telepsychology,
including web-based tools and videoconferencing, for
psychological counselling of patients with either rheumatic
diseases or diabetes. It has to be taken into account that only
16 patients participated in the test, and that only 6 (38%) of
these accepted participation in an individual interview. However,
it is important to acknowledge that this study included
vulnerable patients with severe psychological challenges, so
the low degree of participation in interviews was somewhat
expected.

That said, we have provided rich descriptions of both the
development of the module (eg, information, worksheets,
exercises) and potential of videoconferencing. The analysis was
conducted in collaboration with co-researchers to increase
reliability. To warrant validity, quotes from the interviews were
used to link to the participants’ original statements. Hopefully,
this will allow the readers to judge whether the findings of this
study are transferable to their own contexts.

Conclusions
Telepsychology and psychological counselling in relation to
somatic care can be provided by videoconferencing and
supported by web-based or mobile-delivered tailored
information and tools. However, to ensure a good
patient-psychologist alliance, the first session should always be
in the same room. With a well-established alliance, the patients’
homes provided a safe environment and enabled them to
conserve their energy that could be used on the right things,
which is of great importance especially to patients with
rheumatic diseases and severe fatigue. In patients with diabetes,
the benefits were accessibility and reduced travel time to the
hospital.
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