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Abstract

Background: Patients with chronic pain face several challengesin 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: Thispaper describesthe human-centered design and devel opment 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 |
(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, aswell as defining limitations of current models of clinical pain assessment tools. In Phase |l (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 111 (implementation), based on stakeholder feedback from
initial designs and prototypes of abstract pain animations (pai nimations), we incorporated all concepts to test aminimally viable
product, afully 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 apain 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 effectivein the medical setting. These criteriawere 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 theseinitial 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
especialy 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):€27689) doi:10.2196/27689
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Introduction

Background

Pain is the number one reason people access the health care
system. The Centersfor 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%), whereasin the United Kingdom the numbers are much
higher (35%-51.3%) [1-4]. The cost of medical treatment and
lost productivity dueto 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
aso dignificantly 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 remainsinadequately assessed in the health care
setting [8]. Painisacomplex sensory and emotional experience
that is often difficult to communicate [9]. Unidimensional pain
measures, such as the numeric or visua 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 mechanismsbut also ignoresthe 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]. Theinadegquacy of pain assessment tools compromises
medical providers ability to deliver quality care and improve
clinical outcomes for their patients[10,17,18].

Painimation

To addressthelimitations of standard pain assessment, we used
human-centered design methodsto 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

https://humanfactors.jmir.org/2022/1/e27689

would be more acceptabl e 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 scalesthat rely on pain adjectives and numerical
scales [17]. This paper describes our process of using
human-centered design to understand how patients experience
and expresstheir 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 stakehol der engagement, and consisted
of 3 distinct phases: the inspiration phase, the ideation phase,
and the implementation phase [26,27]. After detailing the
discovery and devel opment processfor anovel, animation-based
pain assessment approach, we present initial user testing of the
painimations, or abstract animations that can be visualy
configured to reflect pain quality, pattern, and intensity, aswell
asthe overal Painimation prototype. Finally, we describe future
directionsfor the use of Painimation and discuss how thisdigital
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 aPainimation prototypetook 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 participantswere 18 years
of age or older. This project was approved by the University of
Pittsburgh’s and Carnegie Mellon University's Institutional
Review Boards.

Phasel: Inspiration (Empathize, Under stand, and
Define)

Overview

Human-centered design is inherently an empathic process that
attemptsto set asidetheinvestigators' or designers’ assumptions
about the world and gain insight into their users lived
experience, perspectives, pain points, and needs [26]. The goal
of Phase | wasto 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
painin 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.

User and stakeholder

Clinician and clinical researcher

A successful experience I’ve had with aclinician around my pain assess-
ment and management was SHORT STORY

| describe the pain communication between myself and my clinician as
ADJECTIVE

| summarize my clinician’s understanding of and assessment of my pain
asADJECTIVE

| describe my communication ability as ADJECTIVE
| have been asked to rate my pain intensity on ascale like this YES/NO

The experience of using the scale was ADJECTIVE

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

The pain assessment protocol | follow is BRIEF OVERVIEW

Pain assessment is part of every interaction | have with a patient YES/NO
| use the following tools LIST/DESCRIBE

| document in the following way ADJECTIVE

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

User and Stakeholder I nterviews

Interviews were conducted using directed storytelling [28], a
design ethnography method, which allowed patientswith awide
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 thethink-aloud protocol [29], amethod during which
participants verbalize their thought process while doing specific
tasks. The aim of this portion of theinterview wasto 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 arecall interview prompt to
understand how they have used these scales in the past to
describe their pain to medical providers.

Clinician and Clinical Researchers I nterviews

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.

Phasell: Ideation (Generate Concepts and Designs)

Overview

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

I deation and Concept Development

Analysis of the interviews from Phase | combined thematic
analysis and the constant comparison method [31,32]. Codes
were devel oped 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 thetopicsidentified in Phasel, we devel oped
aset of criteriathat needed to be met for apain communication
solution to be considered successful. These criteria served as
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design principles that guided the ideation stage where the
designers generated alarge number of concepts, or creativeand
innovative solutions to the pain communication problem.

Once severa solutions, or concepts, are developed in an
unrestricted brainstorm, all of the concepts are eval uated based
on the design principles defined earlier. Any concepts that do
not meet al 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 aviable 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 devel op visual depictions of
the more commonly used pain adjectives. For this exercise, the
design students were given alist 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 thosewords, creating alow or medium version, and ahigh
version for each word. The selected words were those most
frequently presented by patients and clinicians in Phase |
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 variablesthat the painimationswould 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

Figure 1. Visua considerations for painimations.
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with the question, “What kinds of pain do you believe these
animationsevoke?’ The goa wasto understand how participants
would describe the qualities of these painimations, given the
context of pain.

THROBBING SHOOTING CRAMPING
Shape Squaras to indicate sharpness Lines {pins) Mirnicking alactrcity
Facus In foous te communicate intensity In focus to cormmunicate intensity I focus to cormmunicate intensity
Color and saturation Shades of red fed and black for contrast White instead of black

It look more like electricity]

Movement and speed Corning at you to suggsst it Having & central point but Having & central point bt
ariginatas at a certain point and shooting in all directions shooting in all directions

radiztes fram there

Fluctuating ar conslstent Fluctuating to indicate change Fluctuating to indicate change Fluctuating to indicate
awver time awer tirne change aver time
Size Goes aut of frame in certain Goes aut of frame in certain Stays rmastly within the frarme

plzces, to communicate Intensity places, to communicate Intensity

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
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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 pan
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.
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Phaselll: Implementation (Prototype, Test, and
Iterate)

Overview

Thegoal of Phaselll wasto develop aminimally viable product
to test with a small number of users. Once the painimations
were refined based on user input from Phase |1, 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
pai nimations 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

https://humanfactors.jmir.org/2022/1/e27689
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vaso-occlusive episodes that lead to severe acute pain often
called“crisis’ and can result inlong-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 havelong, many timesdifficult, historical experiencewith
pain and communicating pain to medical providers; these
conditions informed the development of thistool.

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 al so 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

Phasel: Inspiration (Empathize, Under stand, and
Define)

User and Stakeholder I nterviews

Intotal, 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 reveal ed that patientswith acute
and chronic pain both felt their exact pain was impossible to
communicate due to its subjective nature and the individual

Textbox 1. Extracted descriptors for clinical communication.

Rao et al

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 therewas alack of understanding, feelings of
being dismissed, or intimidated. Textbox 1 displays extracted
guotes 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, severa 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 | am applying pressure, and a 7 when | 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.

Successful

o  Personable, friendly

o Professional

o Dead-on

« Light at the end of atunnel

« Caming
« Relieving
o | fetincontrol

« | wasactualy being heard

« Improved over time

Unsuccessful

e  Zerounderstanding
o Accused meof lying
« Impossible

. Dismissive

o  Limited
o Intimidating
o | felt stupid

Clinician and Clinical Researchers I nterviews

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 whileclinical

https://humanfactors.jmir.org/2022/1/e27689

researchers had experiencein clinical psychology, hematology,
and anesthesiology. Clinicians had experience caring for patients
with chronic and acute pain, while clinical researchers provided
their clinical experience aswell asarich perspectiveinto current
research, challenges, and opportunities.
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Directed storytelling interviewsrevealed clinicians' and clinical
researchers’ perspectives on traditional pain scales. Clinicians
explained that a numeric value on the Numerical Pain Rating
Scaleisonly meant to represent one person’spain: “ 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
especialy useful in the context of postsurgery pain when
cliniciansare not asinterested in the number itself asin whether
the medication or treatment has been effectivein 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,

Textbox 2. Design principles as criteria.

Rao et al

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

Phase|l: Ideation (Generate Concepts and Designs)

Painimation Concept Devel opment

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 criterialisted in Textbox 2.

Aid patient in describing pain

but rather to support that verbal description.

Quantitative representation of pain

Personalized

Concise

Facilitate the conversation

was viewed as the most important aspect of the medical encounter.

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

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.

Peatients need to feel that assessment is personalized to them and their pain thresholds. With chronic painitisall the moreimportant 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.

Because timeislimited (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.

Based on the study findings, the most prominent stakeholder need was for atool that would improve the patient—provider interaction by making the
communication surrounding pain symptoms easier, and hel ping patients feel heard and understood. The relationship between the patient and clinician

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
patientswould use animationsto describetheir painto providers;
(2) apersonalized 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
pai nimations 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.

https://humanfactors.jmir.org/2022/1/e27689

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 bevery
easy to understand. Cliniciansand 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 thetraditional 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
theMcGill Pain Scale. The student drawingswerethen clustered
based on approach and aso 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.

Rao et a

First, alow-medium intensity version was created for theinitial
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 arange 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

https://humanfactors.,jmir.org/2022/1/e27689
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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. Additionaly,
participants indicated satisfaction and comfort using these
pai nimations 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 atie between
“dull,” “deep,” and “dow” (n=2). Because of this lack of
cornvergence, 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.

Rao et al

RECALL

Example quotes:

heartbeat in my finger.

TIME + CHANGE

Participants mentioned the temporal or changing nature of pain.
Example quotes:

Pain that fluctuatesin intensity.

\ery erratic pulsing.

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

Coming up and then dying back down.

REPRESENTATION

Example quotes:

Thisfeelslikeit could describe that pain well.

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

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

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

Reminds me of when | was having my broken arm bent by a pair of nursesto be put into a cast.

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

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

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

Creation and Evaluation of Wireframesfor a
Painimation app

A new group of 5 patient participantsand 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 whol e set of painimations, so they knew how
many choices they had. They also preferred that the intensity
be depicted through a dlider.

https://humanfactors.jmir.org/2022/1/e27689

RenderX

To resolve participant concerns, we created an instruction page
to precede the viewing of actual images, on how to choose the
pai nimations and increase and decrease theintensity; thumbnails
of al 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,
apanel 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.
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Pounding

Phaselll: Implementation (Prototype, Test, and
Iterate)

Final Set of Painimations

Based on user feedback throughout Phase |1, a final set of 8
pai nimations were devel oped 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 abroad set of pain typeswas 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
pai nimations resonated. Participants would look through the set
of painimations, choose 1 or 2, and make statements such as

https://humanfactors.jmir.org/2022/1/e27689

“Thisonereally feelslike 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 |
currently get frustrated with the number system [wanting to
increase the value of the slider to more than what is possible]?’

Theclinical researchers main concern wasthat 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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Figure5. Fina set of painimations.

T
o

a1 »4

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
Il 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 averbal evaluation of all 8 painimationsinamodified
think-aloud protocol.

The adults with SCD reported that the Painimation app is more
engaging, easier to use, haslessentry burden, and leadsto 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 patientstracked 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.
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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. Thisis
especialy 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 characteri zed 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 researchersin 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 isimperative to
improve patient—clinician communication regarding pain [37].

To address this gap, the current human-centered design study
resulted in the development of anovel pain assessment approach
that leverages digital animations. The use of pain animations
or pai nimations showed promise with ause-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 scoreson validated scales, and yiel ded
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 imagesto patientswith 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 I conic Pain Assessment Tool), aweb-based
and mobile-accessibletool for thevisual self-report and tracking
of pain that offers 16 pain qualities, such as burning, electrical,
and stabbing [39,40]. Pain QUILT wasrated 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 painin a
comprehensive manner. These painimations can be visually
configured to reflect pain location, quality, and intensity.
Moreover, they allow usersto interpret the pai nimationsinstead
of restricting them to specific/labeled pain quality options. The
abstract and nonverbal nature of the painimations is aso
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 apatient and aclinician, it benefitsthe 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. Asevidenced by thisproject,
providing something that is removed from medical jargon or
systems (which were not designed from a patient-centric
perspective) allows patientsto expressthemsel ves comfortably,
knowing that their comments are valued, heard, and hopefully
understood. Furthermore, these painimations address the
disparitiesthat current pain assessments perpetuate dueto their
use of complex words that may alienate individuals with low
literacy, disabilities, cognitive impairment, or other
communication barriers[12,13,42].

Relevanceand | mportance 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 astrue
partners in their health care [44]. Utilizing user-centered
participatory approaches alows 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
technol ogies 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
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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].

Strengthsand Limitations

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

Finally, thereflexivity of theinvestigators 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
eva uations 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
participantsin this study, thereis potential with augmented and
virtual reality to devel op the pain assessment experiencefurther.
For example, adoctoral 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 (nauseaand 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
isatool to replace other measures or to be used in conjunction
with other forms of pain assessment. Further, in clinica
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 ng pain.
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Abstract

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

Objective: Thispaper aimsto describe how these methods were combined to devel op Hel P-Diabetes: Starting Out, aweb-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 devel oping and evaluating complex interventions.

Results: Theinitial 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 barriersto use included an expectation that the program would take too long. Thisinformed
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):€31567) doi:10.2196/31567

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

as hedlth research, are largely empirical (eg, experimental
designs, surveys, and focus groups). However, health research
tends to use a sequentia 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

Introduction

Interdisciplinary Research M ethods

Research on digital health interventions (DHIs) brings together
the human-computer interaction (HCI; which includes software
engineering) and health (encompassing biomedical, behavioral,
and socia sciences). The research methods used in HCI, such
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be accessible and useful by the user [2-4]. Acceptability and
usability are crucia 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 thetarget popul ation. The use of iterative methods
common to HCI alows 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.

TheMedica Research Council (MRC) has published guidelines
for health researchers researching complex interventionsto 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)

Poduval et al

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 devel oped 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 acrossHCI 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, asillustrated in Figure 2.

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

| Identify need for user-centred design ‘

—| Understand user context ‘

Evaluate solutions against
reguirements

T

‘ Implement design solutions

N

System satisfies
reguirements

— | Determine user requirements

Figure2. 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 devel opment of more effective interventions [14].

Our approach was aso 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
asawhole. 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 a [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

Guiddinesfor evaluating DHIsrecommend starting by defining
the problem to be addressed, namely the health need that the
DHI isintended to address and the popul ation who coul d benefit
from the DHI. For HeL P-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 patientsin terms of premature morbidity
and mortality and on health services, intermsof cost. Both these
burdens can be reduced by structured self-management

https://humanfactors.jmir.org/2022/1/e€31567
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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 thetotal National Health Service (NHS)
budget [25].

It isan 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 Ingtitute 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 aready developed a web-based self-management
program (Hel P-Diabetes) [30], which was shown to be effective
and cost-effective [31,32]. HeL P-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, newsand research,
and a forum and help page [31l]. Engagement was also
encouraged with regular emails and text that contained linksto
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 modulesto work through in alinear fashion) aimed at newly
diagnosed patients. Hel. P-Diabetes was not structured (people
have accessto the website, without following alinear pathway),
and it was not aimed at newly diagnosed patients but at patients
at all stages of their diabetesjourney. Therefore, we decided to
devel op aweb-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 aternative that
could potentially bypass some of the barriersto uptake described
earlier. Table 1 illustrates the key differences between the
Hel P-Diabetes website and the HDSO-structured course
described in this paper.
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Table 1. Key differences between Hel P-Diabetes and Hel P-Diabetes: Starting Out.

Feature HelL P-Diabetes Hel P-Diabetes: Starting Out
Target user People with T2DM?at any stage Newly diagnosed people with T2DM
Size 8 sections, with 560 pages 5 sections, with selected content from Hel P-Diabetes

How the intervention was

delivered and dip in and out as they pleased

Curriculum

pending on interest

Nonlinear—people could access any part of the website

No curriculum—awide breadth of information was avail-
able, and people could choose which topics to access de-

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

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

8T2DM: Type 2 diabetes mellitus.

The interdisciplinary development process required the skills
of a multidisciplinary team of patients, GPs, diabetes nurse
specidists, and health and HCI researchers. KP and JR formed
part of the Hel P-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 aworked example. The
three stages of development we undertook were asfollows: (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 devel opment, we have described the methods
from HCI, the methods from health, and how we combined the
two. The evaluation of the fina 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

Thefirst steps of the HCI design processinvolve understanding
the user context and requirements. This took place during the
development of the HelLP-Diabetes website, before the
development of the HDSO-structured program.

Understanding the contexts in which people live, work, and
learn alows 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 patientswith
T2DM went into the development of Hel P-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
Hel P-Diabetes team conducted focus groups with patients and
hedlth professional s (health professional sfacilitated engagement
with the program) to collect this information.

https://humanfactors.jmir.org/2022/1/e€31567

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 iscommonly 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 aimsto
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 awide range of techniquesused in
usability testing, including questionnaires, think-aloud
observation, and interview-based techniques [37]. Usability
testing for HeL P-Diabetes involved users thinking aloud while
undertaking prespecified tasks (eg, finding specific information
or using one of the self-monitoring tools), atechnique common
and unique to HCI [38]. Usability testing helped to optimize
the navigation and interactive features of Hel P-Diabetes.
Selected content from Hel P-Diabetes were used to devel op 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
componentsare (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. Thistheory 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-confidencein 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 thework of living with along-term
condition also emphasizes the need to address the emotional
aspects of disease and identity issues. Corbin and Strauss
identified 3 sets of tasksinvolved in self-management [45] from
qualitative work on the perception of patients about their
long-term conditions. These are conceptualized asfollows[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 along-term condition.

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

Poduval et al

and managing theimpact of one'sdiagnosis 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. Interventionsthat use
more theory-based BCTs have been found to have larger effect
sizes compared with interventions that use fewer techniquesin
studies of digital health behavior change interventions [47].

Guidelines on evaluating DHIS[5] recommendsidentifying 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 acausal modeling approach. The causal model for HDSO
isillustrated in Figure 3.

Figure 3. Causal model of Hel P-Diabetes: Starting Out program. HbA 1: glycated hemoglobin A4c.

Self-management tasks faced by people with chronic conditions

Role management |

Mediczl management |

Intervention components

Emoticnal management

Improved knowledge |

Information provision Goal-setting and action- Behavior change support Emotional support
& Anintroduction to planning s Egting well for s Protecting my mind and body
dighetes s Self-amessment dizhetes s Handling feelings
» Protecting my and feedback s Becoming more * Understanding my moods
mind and body + My diet and active
s Reducing the risks physical activity +  Medication
of heart attacks & goals ¢ Looking after my
strokes v Update mygozals feet
& Having a socizl life and plans
¢ Driving s Self-asessment
and feedback
s  Review mygoals
and plans
Targets
W otivation Knowledge | Self-efficacy | Intentions | Behavior | Emotions

Proximal outcomes
Increa==d maotivetion and self-efficacy & decreased emotional distress

Distal outcomes
weight loss, increased physical activity, improved HeAu. and health-relsted quality of life

In the long term, the proxima 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 M ethods 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 BCTsand develop
the content, format, and structure of the program.

https://humanfactors.jmir.org/2022/1/e€31567

Phase 2: Optimize for Usability

Methods From HCI

The usahility testing of the HDSO program was conducted using
guestionnaires emailed to 5 patient volunteers. The
guestionnaires were written by the GPs and diabetes specialist
nursesin the HDSO team and included thefollowing four items:
(1) thetitle 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 linksto 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

Usahility testing formed part of the early phase work
recommended by the MRC and was undertaken to test theinitial
design with target users, before the exploratory in the wild
testing with patientsin 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. Thiswas akey 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 wewere more
confident that the intervention fulfilled user needs and did not
need major changes. Thiswas 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.
Thiswas 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 peopl e react to and integrate technologiesin 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 aways 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
extraway of testing interventions against user requirements (as
suggested in the HCI design cycle).

Methods From Health

Theaim of thein 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 changesin
guestionnaire scores. The questionnaires administered werethe
Problem Areasin 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 methodswere used
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Poduval et al

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 differencesin 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 usethe
intervention [15]. In health and social science, aless formative
(developmental) and more summative (cumulative) approach
is often taken, so that there is less focus on early outcomesin
the developmental stages and more focus on the impact of the
final intervention. Emphasisis placed on conducting interviews
of sufficient depth and duration. Interviewsin 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 thein
the wild testing was GP practices. This was the natural setting
for this study as referrals to structured education for T2DM
patientsoccursin primary care. Practicesin 2 London boroughs
that had taken part in a HeL P-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
aternative to established face-to-face diabetes structured
education courses that were aready 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
guestionnaire 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
toidentify 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 asan NHS service
as an alternative to face-to-face courses), how to register, and
areply dlip. Patients interested in using the program returned a
reply slip to the HDSO administrator with their contact details.
Patients were then telephoned by the HD SO administrator who
collected baseline demographi ¢ 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
exploretheir 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
detail s or consent to be contacted. The patientswho 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?’

Theinterviewswere 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
toinform the program optimization. Note-taking isarecognized
form of recording [53], and athough 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
guestionnaire scoreswere 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: I nitial I ntervention Componentsand Content

Establishing User Requirements for HelL P-Diabetes as
a Precursor for HDSO

Resultsfrom 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 socia life, and
support in dealing with the profound negative emotions caused
by the diagnosis, which included anger, guilt, shame, and
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despair. The tools to help them manage these tasks included
high quality, detailed information, personal stories from other
people with similar experiences, and quizzesto test knowledge
and provide feedback. Hedth professionals had similar
perceptions of patient needs. Both patients and health
professional swanted Hel P-Diabetesto beinteractive and visual
(with quizzes, videos, and images), to be easy to use, and have
apositive tone [30].

These results were combined with the results of the usability
testing to create Hel P-Diabetes, awebsite 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 HelL P-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.
M odul estargeting these behaviors were therefore sel ected from
the HelL P-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 statesthat 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 HeL P-Diabetes, self-assessment
guestionnaires and feedback were added as new componentsto
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 alowing users to reflect on the change in
their scores.

Personalized emailswere al so added as new componentsto the
HDSO-structured course. These were added to encourage
motivation and engagement. A systematic review by Alkhaldi
et a [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 acrossthe NHS meant that emailswere 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 Hel P-Diabetes showed that users wanted
information to be presented using text, images, and videos.
Theseformatswere therefore used to present information in the
HDSO program and included videos of others living with
diabetes. The text was written for people with areading age of

Poduval et al

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
avideo 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 HeL P-Diabetes: Starting Out program showing video component.

An introduction to type 2 diabetes

wvatch a video

bottom right corner of the video and chck the expand bution BR

the glucose into body cells, where it can be used for energy.

Part 1 - An introduction to type 2 diabetes

Click on the image below to watch our T-minute video that explains what type 2 diabetes is

To play this video you will need audio and you may need the Flash plug-in. To watch it full screen move your cursor down 1o the

Type 2 diabetas i5 a chronic (ongoing) condition in which there is a high level of glucose (sugar) in the blood,

Glucoss comes from breaking down the carbohydrates that you eat. High blood glucose levels occur if your body is unable o move

< Praviais | I Hoxt _>

https://humanfactors.jmir.org/2022/1/e€31567

XSL-FO

RenderX

JMIR Hum Factors 2022 | vol. 9 | iss. 1 |€31567 | p.30
(page number not for citation purposes)


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

JMIR HUMAN FACTORS Poduval et al

Table 2. Hel P-Diabetes: Starting Out session titles and parts before usability testing and in the wild testing.

Session title and content Session components

Week 1—getting started

Self-assessment Self-assessment questionnaires
An introduction to diabetes Information
Eating well for diabetes Information

Week 2—self-management

Taking control Information and quizzes
Becoming more active Information, physical activity goal-setting task, and videos of peopl€e’s stories
Handling feelings Information and videos of people with diabetes

Week 3—improving my health and well-being

Protecting my body and mind Information

Making changes An exercise for reflecting on the quizzesin week 2, and setting SMART? goals for diet, medica-
tion, activity, drinking, and other health behavior changes

Understanding my moods Videos of people with diabetes

Working with diabetes Information

Week 4—taking control of my diabetes
Making the most of the National Health Ser-  Information, videos of people talking about their interaction with the National Health Service,

vice and alink to the health record in Hel P-Diabetes where users can record appointments
Update my goals and plans A review of SMART goals set in week 3
Managing my moods A reflection on the results of the mood quizzes in week 3, and a set of “Mood Tools,” including

“Living Lifeto the Full,” a package developed by clinical psychologists using principles from
cognitive behavioral therapy

My social life Information and videos of peopl€’s stories

Week 5—medication and lifestyle

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

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

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

Driving Information

Week 6—reducing my risks
Reducing the risks of heart attack and strokes Information

Looking after my feet Information
Review my goals and plans An opportunity to review and update SMART goals
Living with diabetes Videos of people talking about how they became used to having diabetes and an opportunity to

revisit mood tools

Week 7—working with my health care team

Managing illness Information
My diabetes review Videos about people's experiences of diabetes care
Review my goals and plans Review and update SMART goals
Week 8—celebrating success and planning for the future
Self-assessment Opportunity to repeat the self-assessment questionnaires from week 1
Looking after my diabetes Opportunity to prepare a care plan
Moving on: the end of the beginning Information about staying motivated and reading about diabetes in the media

3SMART: specific, measurable, achievable, realistic, and time bound.

https://humanfactors,jmir.org/2022/1/e31567 JMIR Hum Factors 2022 | vol. 9 | iss. 1 |€31567 | p.31
(page number not for citation purposes)

RenderX


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

JMIR HUMAN FACTORS

Phase 2: Usability Testing

Responsesto 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

Poduval et al

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 devel opment of the program was grounded
in user needs.

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

Timeline Questionnaireitem Response from patient volunteer

Design solutions

Week 1 Design

“Subtitles detailing content for each section would be helpful
eg. Self-management 1 - Taking Control; Self-Management 2

Subtitles were added for each section of each
module.

- Getting Physical (Becoming more active); Self-management
3 - Handling Emotions (managing feelings?)”

Week 2 Content

Too many peoples stories at the end.”

Week 3 Content

“First 3 pages good with 2 very useful video clips. Page 4
‘Advice about increasing physical activity’ too much detail.

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

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

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

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 organi zations added.

Phase 3: In the Wild Testing

During the study, 24 people registered for the HDSO program.
Quantitative datawere collected on program use, questionnaire

Table 4. Themes observed from the telephone interviews.

scores, and characteristics. Of the 24 peopleregistered, 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 alist of barriersto completing
the program emerged from the data. These are listed in Table
4 with illustrative quotes.

Theme

Illustrative quote

Lack of time to start or complete the program

Expectation that completing the program would take too long

Ambivalence about starting

Feeling of content not being relevant to some users

. “I'vetried going through it during breaks at work, but | keep getting
interrupted. I've only got to the ‘ Welcome' page”
«  “Canyou give me an extra hour in the day?’

« “It'sgoing to take awhile, | need to be able to useit with aspare ten
minutes.”

« “It'sinthe background, | keep it in mind.”

« “It'snot relevant to me, | don’'t take medication.”

These themes were used to inform the refinement and
optimization of the program as discussed in the next section.
Theideaswerefollowed 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
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provide userswith quicker accessto the program with web-based
registration.

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

1. Reducing the number of sessionsin the program: evidence
from systematic reviews of engagement with digital
behavior change interventions [58] and research on adult
web-based learning [59] suggeststhat 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 discussionswith the diabetes
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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
afifth bonus session available at the end. Despite comments
about itsirrelevance 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
inthefuture. Topicsincluding managing my diabeteswhen
I’'mill, working with diabetes, and driving with diabetes
were taken out of the main course and moved to the fifth
bonus session. Thefinal 4-session intervention is described
elsewhere[60] and containsthe following ons: 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 achievelong-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
sdlf-registration page included ademographic 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 peoplewho 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 patientswith T2DM who were not newly
diagnosed have not received structured self-management
education and arein need of it. In addition, dataon theincidence
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 suggeststhat it would be possible to recruit
people who were not newly diagnosed to the HDSO program
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than people who were newly diagnosed. We decided to offer
the program to everyone with T2DM and collect data on the
duration sincediagnosis. Thisallowed usto compare compl etion
rates between newly diagnosed and non—newly diagnosed
patients.

Discussion

Principal Findings

We have described the stages of the devel opment of aweb-based
structured education program for people newly diagnosed with
T2DM, HDSO. Methods from HCI and health research were
used in combination at every stage. Methodsfrom HCI put more
emphasis on understanding user regquirements 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
totraditiona 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 atrial too early can be problematic becausetrias
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 Wor k

The existing reporting of complex behavior changeinterventions
islimited, 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 basesand activeingredients of theinterventions[39].
Thismakesit difficult for researchersto 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 thisarea. 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 a [2] and Pagliari [11] have described the
challengesin using interdisciplinary research in the devel opment
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 design of the interview guide for the telephone interviews

The strength of this research is the use of methods from both I the user experience study and data analysis. The patient
health and HCI. We combined the theory of living with volunteers could also have been asked to make their own
long-term conditions and a user-centered design to understand _suggestlonsfo_r refinementsto thefirst iteration of the program,
and meet user requirements, This meant that users of different  Instead of relying solely on the data

age groups, education levels, and ethnic backgroundscoulduse  Conclusions

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 interviewswith
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.

This paper describes how interdisciplinary methods can be used
to develop aweb-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,
especidly when interdisciplinary methods are used, for
researchers to be able to learn from each other and create
Another weakness of our approach was patient involvement.  user-centered interventions.

More extensive patient involvement could have been used in
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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
cliniciansin 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 prescribersin 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 medicationsfor the patients. The Traditional group used amock 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 al so 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.
Theresults 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 a 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 hillion 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 (HbA ;) valuescan 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 hedth outcomes. This gap between care
recommended by evidence-based guidelines and care delivered
in practiceisduein 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 a [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

https://humanfactors.jmir.org/2022/1/e33470

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

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

Measurable quality-of-care improvements are dependent on
good CDSS design. Sim et a [10] developed and tested a
web-based CDStool, adiabetes 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 heath 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
faillure 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 supportsthe processing
of patient facts and leverages evidence-based guidelines.
Objectives

The aim of this study was to evauate the application of a
user-centered design (UCD) process toward the development
of aprototype softwarethat serves asamedication 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 integratesinto
existing EHR systems that clinicians use as part of standard
practiceto review patient records, order tests and prescriptions,
etc.

Methods

M ethods Over view

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) |smedication ordering with the T2DM app associated
with faster overall task times compared to ordering medications
with atypical EHR? (3) Is medication ordering with the T2DM
app associated with lower perceived cognitiveload (as measured
by the National Aeronautics and Space Administration Task
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Load Index [NASA TLX]) compared to ordering medications
with atypical 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 prioritiesfor the selection of patient factsthat
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

Oncetheinitia 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. Thesewere 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 asinglelarge provider network, and the remaining
participantswere recruited viaanational 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 prescribersreviewed
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 sizeand
participant time], the SUS was not administered in rounds5, 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 asfollows:

« | think that | would like to use this system frequently.

« | found the system unnecessarily complex.

« | thought the system was easy to use.

« | think that | would need the support of atechnical person
to be able to use this system.

- | found the various functions in the system were well
integrated.

« | thought there was too much inconsistency in this system.

« | would imagine that most people would learn to use this
system very quickly.

« | found the system very cumbersome to use.

- | felt very confident using the system.

« | needed to learn alot of things before | could get going
with this system.

https://humanfactors.jmir.org/2022/1/e33470
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The SUS survey yields a single number that represents a
composite measure of the overall perceived usability of the
system. SUS scores have arange of 0 to 100 and the scoreisa
relative benchmark that is used against other iterations of the
system. The SUS is a reliable and valid measure of system
satisfaction. Sauro [12] reportsthat the average SUS score from
500 studies across various products (eg, websites, cellphones,
and enterprise systems) and across different industriesis 68. A
SUS score above 68 is considered above average and anything
below 68 is below average.

Validation Study

Participants

Intotal, 43 participants completed the 2-hour remote eval uation
study of the prototype T2DM app that was developed and
refined through the user testing phase. Participants were
recruited via a nationa 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
requiredto (1) haveat least 1 year of experiencetreating T2DM,
preferably inafamily 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 ingtitutional 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 accommaodate a wide range of people (eg, people with
color blindness), and care wastaken 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 auser-friendly way on the | eft
side of the screen. Theright side of the screen displaysalist of
current diabetes medi cations, 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.
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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.
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Apparatus and Test Environment

The study was conducted between March 15 and 19, 2021, and
because of continued COVID-19 social distancing restrictions,
thetest sessionswere conducted remotely viaausability testing
platform (Loopll) or via a web conference tool (Zoom or
WebEXx). 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, participantswere most generally seated at atable or desk
in a persona 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
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their screen and passed control of mouse and keyboard to the
participant.

The method of data capture depended on the platform employed
inthe session. The Loopl1 platform captured videos, task time,
and screen review data; the web conference tool s captured video
only. In all cases, a notetaker recorded participant responses,
and medication orders were collected manually from screen
shotstaken during the time of the study and determined by video
review.

Participants al so 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]. Thethree categoriesidentified by themodel areasfollows:
(1) Must-Have: whatever the quality characteristic is, it must
be present, such that if it isnot, 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 qualitiesthat the customer was not expecting but received
as abonus.

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 a2 (Group) x 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 groupswere
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afforded the opportunity to access any online resourcesthat 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.

Figure5. Schematic of the study design. EHR: electronic health record, TLX: Task Load Index.

Period 0 Period 1 Period 2
Orientation Main Test Follow Up Test

Patient Set 0=2 Patient Set 1=8 Patient Set 2=8
Group Review Patient Set 0 EHR+2 Review Patient Set 2
(Traditional , Traditional Methods Patient Set T with Tool
Methods) =12
Group (Tool Review Patient Set 0 EHR+1 Review Patient Set 2
Methods) | Traditional Methods Patient Set T = with Tool

1;2
T LY
Period 1; the Traditional group experienced this protocol
Procedure

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

Period O

Orientation of participantsto the EHR prototype. The moderator
walked participants through the user interface and then
participants completed 2 practice trial s 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
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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 TL X 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.
Asin period 1, participants were instructed to complete each
order within 5 minutes and to do so asthough they were at work.
Participantsin both groups empl oyed the prototype T2DM app.
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TLX 2

Participants completed the NASA TL X 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 a2 x 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 alevel of P<.05.

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

Larsen et al

Results

Prototype App Development

User Testing

Each round of user testing focused on different elements of the
prototype app while aso 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.

Round  User testing focus Changes informed by results

1 What clinical information prescribers used to inform medication ordering, medica-  Patient fact details, medication ordering workflow,
tion ordering workflow, and visual presentation of information on theleft sideof  and user interface improvements
the screen

2 What additional clinical information prescribers needed to inform diabetesmedica-  Patient factsdetails, order summary screen, and medi-
tion ordering, details of the patient facts, and on and off guidelinesfor evidence-  cation details relevant to prescribers
based prescribing

3 Adequacy of clinical information for prescribers to make appropriate medication  Patient fact details, on and off guideline medication
decisions details, and order summary screen

4 Importance of variousfeatures for prescribers (eg, patient facts, clinical drivers, on  Prioritization of included features
and off guideline evidence—based medication table, and ordering)

5 Ease of use for finding patient facts and ordering medication User workflow and interface design

6 Ease of use for updated interface design User workflow and interface design

7 Ease of use for finding patient facts and ordering or discontinuing medication Ordering and discontinuing workflow

8 Utility and clarity of app user guide and product information Presentation of information in user guide and product

information
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.

Context Comments

Onlaboratory resultsand interpre- -«
tation

Presentation of clinical drivers .
mendations based on that.”

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

“It'samazing...| redly like the way it pullsclinical driversinto one location so you can drive your recom-

« “I'mnot necessarily going to trust an app to be the end goal. If it has an explanation, | might have alittle

more trust.”
Presentation of medication cost .

Flagging allergies .
more prominent.”

Drug utilization review checking  »
in electronic medical records

“Cost should be specific to the patient’s insurance in order to be useful”

“You need to know that [allergies] if you arelooking at medications.... | would want that { allergies} to be

"I didn’t realize it would take me to the EMR, | thought | would be able to do it through the app.”
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SUS

The SUS scoreswere “average” or “above average” on each of
the rounds of user testing where measured (Table 3). Whilethe

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

Larsen et al

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

Round Average score Score range Scores, n (individua scores)

1 83 60-95 7 (80, 87.5, 87.5, 87.5, 82.5, 60, 95)
2 73 65-78 6 (75, 65, 77.5, 72.5, 75, 75)

3 86 63-100 8 (95, 80, 62.5, 90, 97.5, 100, 85, 75)
4 81 63-95 6 (72.5, 87.5, 77.5, 95, 62.5, 90)

6 68 50-78 5 (50, 60, 90, 60, 77.5)

Validation Study

Combined Kano Model Study Results

Intotal, 14 of the validation study participants responded to the
Kano Model Survey (Figure 6).

Figure6. Kano Model Survey results. A1C: glycated hemoglobin, eGFR: estimated glomerular filtration rate, EMR: el ectronic medical record, UACR:

urine albumin-creatinine ratio.

Kano Category (Sorted)

Feature Linear Must Have Exciter Indifferent Bad Data FALSE Grand Total Score Rank
5.Show patient costs for medications, average
wholesale price (AWP) and exclude non-formulary
drugs 17% 50% 33% 0% 0% 0% 100% 100 1
3.Allow existing medications to be Discontinued or ‘

Dose Adjusted 17% 17% 50% 0% 17% 0% 100% 79 2
1.Pull patient demgraphics, active conditions, and
active medications 0% 0% 83% 17% 0% 0% 100% 63 3
2.Show lab value trends over time {A1C, eGFR,

UACR, BMI) 0% 33% 33% 33% 0% 0% 100% | 58 4
4.Added a draft order in EMR where the dose for
newly ordered medications can be changed 0% 17% 33% | 50% 0% 0% 100% 42 5
Grand Total 0% 17% 33% 50% 0% 0% 100%

Key

Must-Have: Whatever the quality characteristic is, t be present, such that if it is not, the customer will go elsewhere!

Linear or Performance : The b rwe are at mee e needs, the happier th tomer is.

Exciter or Delighter: Those gualitie t the cu as not expecting, but received as a bonus.

Indifferent: The presence or absence of the qualiti 25 not make a difference.

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

https://humanfactors.jmir.org/2022/1/e33470
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Group on adherence to guidelines (Fy4=8.99, P=.005,

5:0.18). As hypothesized, medication ordering by the Tool
group was morefreguently 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

(F1,4,=37.63, P<.001, E=0.48). Medication ordering in Period
2wasmore 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.
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However, there was a significant Group x Period interaction

(F1,4,=45.43, P<.001, E:O.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; t,,=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; t,,=0.46, P=.65).

Of particular interest was a planned compari son 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; t4,=—6.20, P<.001).

Figure 8. Task times during prescribing.
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Period 2

Task Time

M easurement of task timeswere 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 ordersis shown
in Figure 8. There was no main effect of Group on task time

(F141=1.46, P=.23, E:0.0S), but there was a main effect of

Period (Fy44=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).

Tool

Period 2

GROUP
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There was also a significant Group x Period interaction

(F141=5.23, P=.03, |§=0.11). The Tool group completed
prescription orders more quickly during the second period (mean
107.7) than thefirst period (mean 130.7; t,,=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;
t,0=1.74, P=.10). Finaly, Period 1 task times also did not

significantly differ between the two groups (t,;=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 (F, =0.51, P=.48, 2 =0.02), and there was no main

effect of Period (F;6=0.73, P=.40, E:0.0S). 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 a
level was adjusted accordingly to be increasingly conservative
(a’=.001). Based on the adjusted a level, there was no Group

x Period interaction effect (F; ,,=7.16, P=.01, E:O.ZZ).

Perceived Cognitive Load (NASA TLX)

Of the 43 participants, 9 participants from the Traditional group
and 6 participantsfrom 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
(F1,24=2.30, P=.14, 5:0.06), and there was no main effect of
Period (Fy 34,=2.13, P=.15, E=0.06). There was no significant

Group x Period interaction (F;3,=0.23, P=.64, E:0.0l).
Finaly, the perceived workload associated with Period 1 did
not significantly differ between the two groups (t3,=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 vshon-MD physicians) between subjectsand
test period (Period 1 and Period 2) within subjects. There was
no significant main effect of clinical role on adherence to

guidelines (F;4,=4.05, P=.05, E:0.0Q), and role x time

interaction (F, ,,=1.87, P=.18, |Z'=0.04). Furthermore, there
was no significant main effect of clinical role on test period
(F14,=3.86, P=.06, |§=0.09), and role x time interaction
(F11=79, P=.38, |2=0.02). Provider type analysis was not

conducted for other parts of the study, partly owing to the
sample size and initia findings.

https://humanfactors.jmir.org/2022/1/e33470
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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 aigned 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 aswell 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 itsdisplay and features. The greater efficiency
in the second period for the tool-only group compared to the
EHR group islikely 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 differencein provider typein 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, apublished 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 beinterpreted as afloor effect. Despite changesin ordering
behavior, the perceived cognitive load was relatively stable.
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Finaly, 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 acrossindustries. 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.
Thedesign 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 scoresfor 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
completethe SUS questionnaire on the basi s 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 areal 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

Larsen et al

of the study and NASA TLX assessment, and (3) differencein
platforms for observation (The Loopll 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 vsnon-MD physicians) acrossthe 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 auser-centered perspective. Such aprocess could
be beneficia in devel oping effective CDSSsfor 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 Tat, 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 (Ul) improvement during the pregnancy.

Objective: Thisstudy aimsto document the validation processin devel oping 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-sectiona study was conducted to better understand PFMT and Ul among 440 pregnant women. The study
reported aUl 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 devel oped
accordingly, and the process conformed to the user-centered design—11 (UCD-11) checklist. A PFMT app was devel oped 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 devel opment 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 (Ul) 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 Ul among adult women
[3]. Additionaly, 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 urethraand bladder neck position at rest,
leading to Ul [4]. Another recent meta-analysis, which included
studies from 1998 to 2018, stated that about half of pregnant
women (41.0%) experienced Ul, and it negatively affects their
quality of life (QoL) [5].

Women with Ul 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 socia-emotional relationships, physical
activities, employment issues, limitation to travel, sleep
disruption, and obstacles in performing their prayers [8].
Pregnant women who experience Ul during pregnancy reported
having 5 times the risk of having Ul during their postpartum
period [9]. Therefore, thereisan urgent need to screen and treat
them as early as possible by performing pelvic floor muscle
training (PFMT).

PFMT or Kegel exerciseisan 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 areto
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
Ul 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 cultura
variations [13]. In some cultures, the anatomical involvement
may be sensitive to certain women [14], leading to necessary

https://humanfactors.jmir.org/2022/1/€30989

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 heslth care providers
(HCPs) as it may be unclear to whom these professional
responsibilities belong [13]. PFMT is actualy 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 alack 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 hel p due to the misperception
that Ul will resolve by itself [15], assuming that it is “normal”
to have Ul, and having amisconception 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 effectivenessin both the short term and longer term
[17]. A new method to disseminate PFM T 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 Nationa Institute for
Health and Care Excellence Guideline has categorized the
mHealth apps into three-tier functional classifications:

1. Tier A: Anappthat provideshealth and social care services
without measurabl e patient outcomes.

2. Tier B: An app that provides hedth 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 apowerful tool for behavior modification
are its strengths, which include its ease of access and
user-friendliness, resulting in itswidespread 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 awell-designed app isthe ability
to be well-accepted by the users, change their attitudes, and
reduce the acceptability barriersin receiving health care services.

However, qualitative reviews on midwivesreported unfavorable
findingswhich did not fully support the appsfor 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 ill limited evidence of its
effectiveness [26], which is most probably due to the unmet
need of incorporating usersin 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 usersin all stages has
itsrobustness and isagold 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 devel oped
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 (SDL C), which has been reported asthe
most liked technique to devel op a high-quality software product
[33].

The mHealth development and evaluation framework was
developed using theiteration 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 amore scaled-up intervention [34].

Conceptualization involved experts' decisions regarding the
theoretical basis, reviewing the evidence, and planning the
development process via severa 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
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deception” [35]. the persuasive system design (PSD) categorized
the 28 strategiesinto 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 al
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 Ul symptoms. The expectation
of the app isto 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
aUCD SDLC framework called the mHealth development and
evauation framework. This study focused on conceptualizing
the app and using the UCD-11 checklist to evaluate the
user-centeredness properties of the app.

Intervention M apping

IM is a framework that was designed to plan an effective
intervention from the needs assessment up to its evaluation. It
comprises stepwise decison-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 devel opment, according to IM, comprisessix steps:
(1) demonstrate a comprehensive understanding of the health
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problem; (2) outlinethe 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 strategiesto 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 asillustrated in Figure 1.

Jaffar et &

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 arelisted in Textbox 1. Additional information about
the questionnaire has been presented in the results section and
published elsewhere [43].

Thisstudy involved documenting the project i dentification 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; Ul: urinary incontinence.

Intervention Mapping (KEPT app)

Step 1 Step 2 Step 3
Needs Behavioral Theoretical
assessment outcomes evidence
based
Pregnant Behavior matrix ~ Capability,
women at on the Pelvic Opportunity,
risk of floor muscle and
having Ul training Motivation
adherence Behavior
(COM-B)
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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; Ul urinary incontinence.

Knowledge (K):
o Pelvicfloor musclesinvolvement in pelvic exercise.
Benefits of pelvic exercise.

Methods in performing the pelvic exercise.

Attitude (A):
« | should practice PFME to prevent or treat Ul.
| should practice PFME to prevent uterine prolapsed.

| feel that PFME is boring.

Practice (P):
o | had performed PFME when | was not pregnant.
| have spent time performing PFME.

| 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 |east three times a week.

Adherence (AD):
« | do my exercises as often as recommended.

| forget to do my exercises.

| do fewer exercises than recommended by my health care professional.

Figure2. KEPT app development and evaluation framework. KEPT: Kegel Exercise Pregnancy Training.

Conceptualization

Qualitative Formative
research research
Kegel Exercise
Pregnancy
Training a

.g PP
Randomized ? _
Control Trial Pre-testing

Pilot testing

In the project identification phase (conceptualization), we QoL. From thisfoundation, we produced alow-fidelity design,

determined pregnant women'’s (users) understanding of pelvic
exercise and the severity of this problem (Ul) affecting their
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Conceptualization

The team assessed the latest evidence regarding the users' Ul
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 Ul and its impact on participants
QoL at aprimary careclinic (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 Ul. Theinterventions 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]. Ancther overarching framework of behavior used to
identify appropriate targets for enhancing adherence in clinical
practice isthe capability, opportunity, and motivation-behavior
(COM-B) model [48,49].

The COM-B model statesthat motivationisacrucial source of
strength to perform acertain behavior, with the assistance from
the capability (physical and psychological) and opportunity
(physical and socia) 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.

https://humanfactors.jmir.org/2022/1/€30989
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For mative 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 asemi-urban primary care clinic with aresponserate
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 Ul 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).

Jaffar et &

Socio-demographic Value
Agein years, mean (SD)? 29.84 (4.69)
Ethnicity, n (%)

Malay 356(80.9)

Chinese 41 (9.3

Indian 29 (6.6)

Others 14 (3.2
Financial status, n (%)b

L ess than RM3000 128 (34.5)

RM3000-RM6274 176 (47.4)

RM6275-RM 13147 59 (15.9)

RM13148 and above 8(2.2)
BMI, n (%)

Underweight 43(9.8)

Normal 143 (32.5)

Overweight 144 (32.7)

Obese 110 (25.0)
History of Cesarean Section, n (%)

No 181 (69.9)

Yes 78 (30.1)
Previous history UI®, n (%)

No 354 (80.5)

Yes 85 (19.3)
Pregnancy category, n (%)

Primigravida 170 (38.6)

Multigravida 230 (52.3)

Grand multigravida 40(9.1)
Trimester, n (%)

First trimester 53 (12.0)

Second trimester 152 (34.5)

Third trimester 235 (53.4)
Category of Ul, n (%)

No Ul 260 (59.1)

Slight U 95 (21.6)

Moderate Ul 80 (18.2)

Severe Ul 5(1.1)
Knowledge on PFM Ed, n (%)

Poor 185 (42.0)

Good 255 (58.0)
Attitude towards PFME, n (%)

Poor 235 (53.4)

Good 205 (46.6)
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Socio-demographic Value
Practiceon PFME, n (%)
Poor 241 (54.8)
Good 199 (45.2)

#The median ageis 30.0 years (27-33).

ba currency exchange rate of IMY R = US $0.24 is applicable. The median income is RM 4000 (2000-6000).

CUI: urinary incontinence.
IPEME: pelvic floor muscle exercise.

Pregnant women were unaware that the pelvic floor muscles
wereinvolved 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 afifth 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.

K nowledge on PFME?

Correct, n (%)

PFME muscles are situated in the pubic region
PFME involves muscles in the anal region

Vaginamuscles are not involved in PFME

PFMP are important in controlling bladder function

PFM is not involved in controlling the anus

PFM is not involved in tightening the vagina

PFME can tighten buttocks muscles

PFME can prevent UI° during laughing/sneezing/weight bearing
PFME can prevent/treat uterine prolapse

PFME can be done at any time

PFME can be done while performing daily activities

Muscles involved should be contracted for 8 seconds

PFM should be contracted 8-10 times per exercise

PFME should be done at least 3x aday (morning, afternoon, and night)

228 (51.8)
196 (44.5)
49 (11.1)

296 (67.3)

80 (18.2)

102 (23.2)
193 (43.9)
292 (66.4)

244 (55.5)
315 (71.6)
248 (56.4)
184 (41.8)
170 (38.6)
158 (35.9)

3PFME: pelvic floor muscle exercise.
bPEM: pelvic floor muscle.
CUI: urinary incontinence.
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Table 3. Pregnant women's attitude towards pelvic floor muscle exercise.

Jaffar et &

Attitude on PFME?

Strongly agree, n (%)

PFME should be done by all women

| should practice PFME to prevent/treat ul®

| should practice PFME to prevent uterine prolapse

| feel that PFME is boring

PFME should be taught to all antenatal mothers at antenatal clinics
| support those who want to perform PFME

| view that PFME can increase sexua satisfaction

I will put in the effort to search for info about PFME

45 (10.2)
86 (19.5)

72 (16.4)
3(0.7)
111 (25.2)
113 (25.7)
73 (16.6)
83 (18.9)

3PFME: pelvic floor exercise.
byl uri nary incontinence.

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

PFME? practices

Always, n (%)

| have performed PFME when not pregnant
I have spent time performing PFME

I have discussed PFME with friends

| have tried to search for info about PFME

15 (3.4)
12 (12.7)
7(1.6)
12 (2.7)

3PFME: 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 asthe KEPT-app itself, and (2) social opportunity inwhich
pregnant women were able to understand further and perform
PFMT at their own time. Meanwhile, motivation hasrelationship

https://humanfactors.jmir.org/2022/1/€30989

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 processesto arrange PFMT to be donethreetimes
daily, and (2) automatic motivation in which the pregnant
women adopted PFMT as part of their routine.

Additiondly, the COM-B wasintegrated with the persuasiveness
of theapp (Table 5). The KEPT app should betailored (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 (dial ogue 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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Table5. KEPT? app COM-BP model with persuasive system design.
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COM-B model and features of the mHealth® app

Persuasive system design

Capability
Psychological

Educational video by aregistered physiotherapist with an example patient

Physical

Training timer according to the user’s confidence and capability.

Opportunity
Physical
The KEPT app was produced by our local University
Social

Frequent Asked Question (FAQSs) to provide further information

Moativation

Reflective

Improve the understanding of the risks of pelvic floor muscle weakness by watching the video.

Calendar charting of the uld symptoms

Automatic

Daily reminder to perform PFMT® as their routine behavior.

System credibility-expertise and authority

Primary support-tailoring.

System credibility-trustworthiness

Primary support- Tailoring

System credibility-expertise and authority
Primary task-self-monitoring

Dialogue support-reminder

3 EPT: Kegel Exercise Pregnancy Training.

bcom-B: capability, opportunity, motivation behavior-model.
®mHealth: mobile health.

dul: uri nary incontinence.

EPFMT: pelvic floor muscle training.

For mative Resear ch (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.

Theseinterviewswere 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:

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

https://humanfactors.jmir.org/2022/1/€30989

asthe physiotherapist instructed to achieve 100 times
aday. | did not count it as| 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 notesinto 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, | 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 devel oped based on all the above findings
asillustrated in Figure 5.
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Table 6. Study participants' characteristics and opinions.

ID Age Ethnicity Occupation ui2 PFMT® Timer FAQ®
01 29 Malay Ex-document manager Yes Yes Yes No
02 25 Malay Pharmacist Yes No Yes No
03 24 Malay Housewife No No Yes No
04 21 Malay Housewife No No Yes No
05 25 Malay Graph designer No No Yes No
06 29 Malay Housewife No No Yes No
07 31 Chinese Engineer No No Yes No
08 31 Malay Clerk No No Yes No
09 31 Malay Clerk No No Yes No
10 28 Malay Clerk No No Yes No
11 25 Malay Housewife No No Yes No
12 23 Indian Housewife Yes No Yes No
13 31 Malay Admin Yes No Yes No
14 24 Malay Ex-Assistant Pharmacist Yes No Yes No
15 27 Malay Housewife Yes No Yes No
16 27 Malay Admin No No Yes Yes
17 30 Malay Housewife No No Yes Yes
18 33 Malay Staff Nurse No Yes Yes Yes
19 27 Malay Housewife No No Yes Yes
20 21 Malay Housewife No No Yes Yes
21 24 Malay Make-up artist No No Yes No
22 22 Malay Housewife No No Yes No
23 19 Malay Salesperson No No Yes No
24 25 Malay Housewife No No Yes No

8U1: urinary incontinence.
bPEMT: pelvic floor muscle exercise.
°FAQ: frequently asked questions.
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Figure 3. Low-fidelity design of the KEPT app (six user interfaces). KEPT: Kegel Exercise Pregnancy Training.
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Figure 4. Low-fidelity design of the KEPT app (four user interfaces). 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] asillustrated 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 astarget users were busy
taking care of their families and/or working. Therewere 2 timer

Jaffar et &

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
duetotheneedtotrain threetimesdaily. The UCD-11 checklist
has been used asaguidefor developing the KEPT app according
to its user-centeredness properties aslisted in Table 7.

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

Selamat Datang

€ April 2021 b Vg, WET DAY .
S vh 'y S —

- BULAN  o3/2001

00:02

Masa Bersenam

(a) PFMT Video

Table 7. UCD-112 Itemsin the KEPT® app

(b) Diary

(c) Timer exercise (d) Report

UCD-11item

KEPT app

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

Were potential end usersinvolved in any stepsof design-
ing, developing, and/or refining a prototype

Were potential end usersinvolved in any stepsintended
to evaluate prototypes or afinal version of the tool?

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

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

Did the development process have 3 or more iterative
cycles?

Were changes between iterative cycles explicitly report-
ed in any way?

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

Were health professionals consulted before the first
prototype was developed?

Were health professionals consulted between initial and
final prototypes?

Was an expert panel involved?

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.

A cross-sectiona study to understand the needs assessment [43].

Study protocol for arandomized control trial has been published for this evaluation [51].

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

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

1. First iterative was the focus group discussion. 2. Second iterative cycle waswith the user’'s
usability study. 3. Thethird iterative cycleis currently being conducted in a pilot feasibility
study [52].

The users’ usability study is undergoing its manuscript writing process.

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

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

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

The research team and the software developer were involved in the development of the app.

3JCD-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 strategiesfor enhancing adherence[53].

The cross-sectional study showed a significant association
between Ul 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 Ul among pregnant women. This result
was supported by the FGDs, where one group highly insisted
on having brief notes regarding PFMT viaiillustration (ie, the
anatomy, physiology, and correct techniques).

Additionally, brief notes or a version of FAQs will serve as an
information accuracy checklist, which isincluded 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 ableto ddliver trustable and accurate PFMT
techniques will improve PFMT self-efficacy among pregnant
women, resulting in improved adherence to PFMT.

Pregnant women in this study al so 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 al the actionable
features, the KEPT app was designed to enabl e 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 afetal 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
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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]. Therewas an
implication of applying the UCD-11 checklist asit is systematic
and comprehensive, which will assist future researchers in
developing the mHeath app effectively. However, being
iterative for at least three times may have added challenges and
financial complicationsto 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 thefinal prototype
in our next study.
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Abstract

Background: Continuous monitoring of vital signsis critical for ensuring patient safety in intensive care units (ICUs) and is
becoming increasingly relevant in general wards. The effectiveness of health information technol ogi es 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 (ig, 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 (Ul) 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 Ul was
performed. Simulated use tests with think-aloud protocols were conducted with |CU staff (n=5), and the resulting qualitative data
were analyzed using adeductive 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 Ul. Comparing the Uls, we evaluated
perceived usability using the System Usahility 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 individua usability problems specific to monitoring Ul, which could be assigned to six subcodes:
usefulness of the system, response time, responsiveness, meaning of labels, function of Ul elements, and navigation. Among user
ideas and requirements for the Ul were high usability, customizability, and the provision of audible aarm notifications. Changes
in graphics and design were proposed to alow for better navigation, information retrieval, and spatia orientation. The Ul was
revised by creating a prototype with amore responsive design and changes regarding labeling and Ul 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 (hormative 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 O times, passed 20 times; P=.002).

Conclusions: Usability testing with think-aloud protocols led to a patient-monitoring Ul 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 theintensive care unit (ICU) and emergency room [1].
It is aso 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 asless
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].

Effectiveimplementation of novel technologies, such asremote
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
itsimportance in successful implementation, usability isclosely
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 (1T), suggesting that usability
aspects are often neglected in the health I T devel opment process
[20-22].

The human-centered design (HCD) approach is centered on the
involvement of end usersand their experienceswith the product
throughout the design and devel opment process[23]. Applying
HCD in the early stages of the design of novel digital health
technol ogies can improve usability, staff adoption, effectiveness,

and efficiency [24,25]. Severa frameworks and guidelines for
redesigning health careinterfacesin 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 aremote patient-monitoring
system and, specifically, identify usability problems, positive
findings, and user ideas. We hypothesize that an HCD approach
will help toimplement 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-Universitditsmedizin  Berlin  (EA1/031/18). Al
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 testswith 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. Theresearch approach, beginning with usability testing and identification of major problemsin 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 (M X800 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 Vital Sync monitoring
systemwasinstalled for 5 of the 10 |CU 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 (Ul) was displayed on a monitor at the central station

Poncette et al

and on six tablet computers (2 standard iPads, 2 iPad minis, and
2 Microsoft Surfaces). The Ul 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 a so the option of clicking on each parameter to see atrend
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].
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Figure 3. Admit Patient screen of the implemented patient-monitoring platform (design A) [36-38].
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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 afocus on digital
health (LM); asenior human factors student with abackground
in engineering (LS); a professor of ergonomics with a PhD in
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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
anesthesiol ogist 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 usahility 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 testswith 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.

Usahility testing of design A and design B was performed on
aniPad mini 4 (model A1550). For testing sessionswith 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 etCO, and SpO, sensors (Mrs. Schmitt, born

01/01/1950, Petient-1D 12345, bed site 02).”

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

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

2. “Youwould 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 smulated use
tests of both designs A and B, participants were asked to
complete a posttest questionnaire, including the System
Usabhility Scale (SUS) [42,43].

Data Analysis

Qualitative Analysis and I dentification 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

https://humanfactors.jmir.org/2022/1/€30655
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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 scoreswere 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 aminor 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 acriticality score of 6).

Analysis of Effectiveness, Efficiency, and Subjective
Usability

Thetask 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 userstook when
interacting with the interface to complete a task was compared
with an optimal sequence of goal-directed steps defined by the
researchersfor 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 assessthe 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 alist 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 assessthelevel 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.
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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 thetranscripts revealed three main codes. usability
problems, user ideas and requirements, and positive findings.
The codes are visualized with asunburst 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 protocol s were mapped to the subcodes derived by
Kushniruk and Patel [44] for the main categories—usability
problems and positive findings. For usability problems, the
itemswere assigned to the subcodes of usefulness of the system,
response time, responsiveness, meaning of labels, function of
Ul elements, and navigation; for positive findings, the items
were assigned to usefulness, overall ease of use, function of Ul
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).

Ul: 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
labelswas mostly unclear—that is, participantswere not familiar
with certain terms (eg, the meaning of exclamation marks,
abbreviations such as those for pulse rate [PR] and integrated
pulmonary index [IP1], or terms such as polardiagramm). Users
were concerned about whether acertain function was useful for
the requirements of their clinical work or when a given task
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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 Ul 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 responsetime (ie, they complained
about the time it took the device to respond; 2/88, 2%).
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Figure5. Number of occurrencesfor each subcode of usability problems. Meaning of labels (n=53), usefulness (n=14), function of Ul elements (n=8),
navigation (n=8), responsiveness (n=3), response time (n=2). Ul user interface.
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Users emphasi zed that the system’s ease of usewas 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 additiona 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 Ul according to the
physical ward floor plan. Other ideas included adding a
drag-and-drop function to rearrange multiple beds at once in
the Ul 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

https://humanfactors.jmir.org/2022/1/€30655

mobility and overall ease of use were perceived as positive.
Participants seemed to be familiar with the following basic Ul
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). Potentia solutions were assigned to the problems and were
realized in design B (Figures 6 and 7). In total, 5 design
iterations were performed between ASPand LS.

The mainimprovementsin the prototype version compared with
the previous interface were as follows:

«  Moreresponsive design

«  Unknown labels were replaced or removed

«  Unknown Ul 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.
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Figure 7. Redesign of the user interface of the prototype (design B) patient tile overview.
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Quantitative Results

Effectiveness

Thetask completion rate was higher for design B (attempts=20;

1-tailed N-1 chi-sguare test suggests that this is a statistically
significant difference (x?,=9.3; P=.002).

Efficiency

0/20, 0% failed and 20/20, 100% passed) than for design A The average normative path deviation of design B (mean 3.2,
(attempts=18; 7/18, 39% failed and 11/18, 61% passed). A SD 3.03; 5/10, 50%) was 63.4% lower than that of design A

https://humanfactors.jmir.org/2022/1/€30655

(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 (Byeggn g=—1.04, 95% ClI
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—2.0910 -0.13; exp [Byesign g]=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).
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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 (tg=3735; P=.003).

Discussion

Principal Findings

Thisstudy evaluated the usability of aremote 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 Ul's navigation was frequently criticized by
participants. Further identified usability problems include
unclear Ul elements, poor responsiveness, and increased
responsetime. The resolution of the usability problemsresulted
in a significant increase in the perceived usability, efficiency,
and effectiveness of the system.

Usability of Technologiesin 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].
Thisisreflected 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 usahility of the remote patient-monitoring
solution. Most of the usability problemsidentified wererelated
to labeling, an important issue that is addressed by regulatory
requirements [30,56]. The Ul’s navigation was frequently
criticized by participants. Ul navigation problems can affect the
overall usability of medical devices, especialy in high-stress
situations [57-59]. In this regard, simple, intuitive, and
role-specific designs are beneficial [60-62], which is aso
reflected in the user ideas generated by the participants in our
study.

https://humanfactors.jmir.org/2022/1/€30655

Design

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 devicesaready 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 skillsamong health
professionals and insufficient training of staff in the use of
digital technologies[68-72].

With theincreasing complexity and expanding the functionality
of digital technologies and their increased use in al clinical
settings, usability considerations have become all the more
important to realize thefull 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 Ul for a remote patient-monitoring
system increased usability, according to our findings. HCD
encompasses the involvement of end users (ie, hedlth care
professionals) in the design and evaluation process, and the
required efforts have been shown to be both worthwhile and
beneficial in al 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 beimplemented are key factorsfor the successful
implementation of thetechnology [74]. Therefore, HCD should
be applied not only during the design and devel opment 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
seemsto be alack of awareness of itsimportance 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 freguent lack of incentivesto 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 ascientific 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 technol ogies and settings. In addition,
tranglation 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 Uls 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 ausability test of all features of the remote
patient-monitoring device, which comprises more than just the

Poncette et al

remote monitoring device Ul (eg, sensors, bedside monitors, or
cablesare also part of it). We focused on tablet use for this study
asit 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 Ul of thetablet version of the remote monitoring system;
that is, the smartphone and desktop Ul versions were not
investigated. We only tested the German version of the U,
which limits certain findings (eg, regarding the labeling) to
German-speaking regions.

Wewere not ableto refer to astandardized 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, asit 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,
especialy 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 aso for their successful
implementation in clinical settings.
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Abstract

Background: Personswith chronic pain experience alack 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 thereisalack 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: Thisstudy aimsto describethe devel opment of adigital support application with evidence-based content that includes
abiopsychosocial 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, auser representative, and asoftwareteam. A total of 2 reference groups of 7 personswith chronic pain and 4 employers
participated in the development process and usahility testing. Mixed methods were used for data collection. The design was
revised using feedback from the reference groups. The content of SWEPPE was devel oped 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 bethe most useful: setting agoal 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 agoal 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 arelevant
and easy-to-use eHealth intervention. Further studies are needed to examine the effectiveness of SWEPPE in aclinical setting.
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Introduction

Background

Chronic muscul oskel etal pain, which affects 10% to 20% of the
European popul ation and negatively impacts functioning, quality
of life, and the ability to work, comeswith 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 arehabilitation 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 reguested more knowledge about how chronic pain might
affect work status and the needs and challenges their employees
with chronic pain might experience [7]. For asuccessful RTW,
employers need to effectively collaborate, communicate, and
negotiate with their employees, dl interactionsthat 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 outcomein 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
digita interventionsinclude 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]. Thiscan contributeto theindividuals' |earning 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],

https://humanfactors.jmir.org/2022/1/e33571

and can reduce pain and disability [25,26]. Despite these positive
effects, research has reported limitations related to the low
overall quality of smartphone appsfor 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 asincorrect clinical or user context or flawsin
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 existsthat improves sustainable RTW for persons
with chronic pain and their employers. To fill this gap in
knowledge, the aim of this study isto develop adigital support
application with evidence-based content that includes a
biopsychosocia 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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Figurel. Flowchart of practicesand datacollection during the devel opment processto create SWEPPE (Sustai nable 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.

Turesson €t d

Grouping Total, n (%) Pain expertise, N Return-to-work expertise, Licensed health care Electronic apps expertise,
(%) n (%) providers, n (%) n (%)

Health care researchers® 3 (100) 2(67) 2(67) 3(100) 0(0)

User representative® 1(100) 1(100) 0(0) 0(0) 0(0)

Software team® 5(100) 0(0) 0(0) 0(0) 5 (100)

3PhD occupational therapist.
PA 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,
devel opment, and usability testing of SWEPPE. Mixed methods
were applied to collect quantitative and qualitative datafor early
input and feedback from the users throughout the process.

Ethics Approval

The Swedish Ethica Review Board approved the study (Dnr
2020-01593).

Participantsin 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, participationin 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).

Characteristic

Values, n (%)

Reported yearsliving with pain
0-7
8-14
>15

Typesof pain
Back or neck pain
Nerve pain or neuropathic pain
Fibromyalgia
Other?

Employment status
Working or studying full-time
Working or studying part-time

Sick leave

3(43)
3(43)
1(14)

4(57)
1(14)
2(29)
3(43)

4(57)
2(29)
1(14)

8_eg pain, migraine, and Horton disease.

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

https://humanfactors.jmir.org/2022/1/e33571

of 10 employerswho 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
possibleto reach and 3 (30%) declined participation in the study
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owing to lack of time. Finally, of the 10 employersinvited, the
4 (40%)—3 men and 1 woman—who agreed to participate in
the study werefrom private and public areas of thelabor market
(school and education, services and sales, building and
manufacturing, or machine and transportation).

Practicesto 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
inl

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 agiven situation.

Usability Testing

Thefirst 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 theweb viaZoom (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 al so took notes as part of
the think-aloud methodology to aid the devel opment 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 accountsin the SWEPPE smartphone
app and invited their employersin 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.

https://humanfactors.jmir.org/2022/1/e33571
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The second usability test with the reference group of persons
with chronic pain (Figure 1, P2) was performed on afunctioning
smartphone app. The persons with chronic pain downloaded
and tested SWEPPE at home on their own smartphone for 2
weeks.

Data Collection

Overview

Datawere 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 devel oping 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 goa related to RTW [42-44], the
possibility to monitor health status[12], accessto aknowledge
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 |eader with questions such as“ What
areyou thinking right now?’ Second, at the end of each usability
test, the participants were asked open-ended questionsregarding
the overall impression of SWEPPE: positive or negative
functions and content of SWEPPE, what was missing or could
beimproved, 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 usahility [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 asa support
on a scale ranging from O (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 acolleague 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 mapswere 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

Turesson €t d

test leader, the observer (CT), and 3 members of the software
team participated in aZoom 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
agoa 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,
guestions, 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 progresswere 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 SWEPPE®

Scenario and identified topics, questions, and needs to consider in the
development process

Addressed in SWEPPE

Being back at work

Will I manage? Do | have the skills needed?

Will I get the support | need from the employer?

Manage balance between work and leisure.
Find adaily routine.
Learning new ways.

Apply strategies learned during rehabilitation.

Using SWEPPE
How will SWEPPE help me RTW?

Using SWEPPE must be quick and easy.

Difficult at first when | started.
Uncertain about what data the employer can seein SWEPPE.

Feeling guilty if not using SWEPPE every day.

Proud and happy about her progress.

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

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

Goal setting, self-monitoring, and overview for feedback.
Self-monitoring and overview.

Library, self-monitoring, and overview.

Identify barriersto RTWP and strategies to handle them; self-monitor-
ing.

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

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

General design of SWEPPE when creating and setting up anew account.

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

Are data presented in the overview in auseful way even if dataare
missing?

Design of overview for easy visualization of progress.

3SWEPPE: Sustainable Worker Digital Support for Persons With Chronic Pain and Their Employers.

bRTW: return to work.
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Table 4. Resultsfrom theinitial survey with persons with chronic pain (n=7) regarding the desired content and functions of SWEPPE?.

Questions, desired content, and topics of interest

Rating of importance, median (IQR)

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

To keep me motivated

To follow and focus on my progress
To keep track of my health status
To keep track of my work situation
To get inspiration from others

Important information to know about the application

Security details or privacy information
How to optimize usability

Where information in the app comes from

Desired content or topics of information in SWEPPE

Pain and coping with pain

Stress and coping

Work and work ability

Ergonomics

Thoughts and feelings

Balance in daily activities

Coping during hard times

Healthy lifestyle

Others' experiences of coping with chronic pain

Workplace adaptation

Communication, relations, social support
Desired functionsin SWEPPE

Setting goals

Communicate with a coach

FAQ (frequently asked questions) available

Tips on workplace adaptation

Communicate information with my employer
Important functions SWEPPE should have

Push notifications

Adaptive functions

Adaptive design

Download information

10 (9-10)
9 (7-10)
8 (8-10)
8 (4-10)
8 (59)

10 (8-10)
8 (8-10)
8 (8-10)

10 (9-10)
9 (8-10)
9 (7-10)
9 (6-10)
8(8-9)
8 (8-10)
8(8-9)
8 (7-10)
8(7-9)
8(8-9)
7(6-9)

9 (8-10)
9 (7-10)
8(7-9)
8(7-9)
8(7-9)

9 (2-10)
8(7-9)
8 (6-8)
6 (5-10)

Preferred health aspectsto record in SWEPPE or receive information about from employee

Pain

Sleep

Physica activity
Work situation
Balanced life situation
Workload

10 (10-10)
10 (8-10)
10 (8-10)
10 (6-10)
8 (7-10)
7(5-9)

8SWEPPE: Sustainable Worker Digital Support for Persons With Chronic Pain and Their Employers.
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Table 5. Resultsfrom theinitial survey with employers (n=4) regarding the desired content and functions of SWEPPE?,

Questions, desired content, and topics of interest

Rating of importance, median (IQR)

An application for peoplewith chronic pain and their employer as support for RTWP (SWEPPE) would beinteresting

To motivate and support the employee

To follow the employee’s progress

To receive information about my responsibility as an employer

To receive tips on adaptation of the work situation

To follow the employee’s work situation
To follow the employee’s health status
To receive information about chronic pain

To get inspiration from others

Important information to know about the application

How to optimize usability
Where information in the app comes from

Security details or privacy information

Desired content or topics of information in SWEPPE

Work and work ability

Ergonomics

Information about my responsibility as an employer

Stress and coping

About pain and coping with pain
Workplace adaptation

Balancein daily activities

Coping during hard times
Communication, relations, social support
Thoughts and feelings

Healthy lifestyle

Others' experiences of coping with chronic pain

Desired functionsin SWEPPE

Receive information about the employee's goals

Tips on workplace adaptation

FAQC available
Important functions SWEPPE should have
Adaptive design
Adaptive functions
Download information

Push notifications

9.5 (9-10)
9.5 (9-10)
9.5 (9-10)
9.5 (9-10)
8.5 (8-9)
8.5 (8-9)
7.5(7-9)
6.5 (6-8)

85 (8-9)
8.5 (8-9)
8.5 (8-9)

9.5 (9-10)
9(8-9)
9 (9-10)
9(9-9)
9(9-9)
9(8-9)
8.5 (8-9)
8(7-9)
8(7-8)
8(6-9)
7(5-9)
6 (4-8)

9(9-9)
9(9-9)
7(69)

8(7-9)

6.5 (6-8)
6.5 (6-7)
45 (2-7)

Preferred health aspectsto record in SWEPPE or receive information about from employee

Work situation
Workload

Pain

Physical activity
Sleep

10 (10-10)
10 (10-10)
9.5 (9-10)
9(9-9)
8.5 (8-9)
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Questions, desired content, and topics of interest

Rating of importance, median (IQR)

Balanced life situation

8.5 (7-9)

8SWEPPE: Sustainable Worker Digital Support for Persons With Chronic Pain and Their Employers.

BRTW: return to work.
CFAQ: frequently asked questions.

For the personswith 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 avail able settings. The other characteristics
that the reference groups rated as important were compatibility
with a smartphone and ease of use. The results from the
guestionnaire were used to prioritize the functions and
development of SWEPPE.

https://humanfactors.jmir.org/2022/1/e33571

Product Creation Phase

Theinitial 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 agoal
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 aspectswere devel oped and tested along with the overall
design (eg, colorsand layout) in thefirst usability test (P1). The
participants in usability test P1 were in general positive to the
prototype and experienced it asrel evant, 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 usahility problems were identified using the think-aloud
methodology and were addressed in the continued devel opment
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.

Time points Usability test: P1 persons with Usahility test: E1 employers  Usability test: P2 persons with
chronic pain (n=3) (n=3) chronic pain (n=6)

Task performance? n (%)

Create an account 3 (100) N/AP N/A

Set agoa 3(100) N/A N/A

Review the action plan 3(100) N/A N/A

Finish action plan settings 3(100) N/A N/A

Register daily health status 3(100) N/A N/A

Follow progress in the overview 3(100) N/A N/A
SUS® questionnaire, median (IQR)

SUS score point 95 (94-98) 88 (72-89) 86.5 (77-94)
Employers perceived usefulness® of receiving infor mation, median (IQR)

About theemployee'swork-related goal  N/A 74 (58.5-83.5) N/A

About barriers for RTW' identifiedby ~ N/A 71(61.5-85.5) N/A

the employee

About strategiesidentified by theemploy-  N/A 46 (32.5-59.5) N/A

ee

About support wanted fromtheemployer N/A 73 (67.5-86.5) N/A

To follow the employee’'s progressina  N/A 74 (70.5-87) N/A

graph

From the library N/A 50 (31-62) N/A

N/A 100 (55-100) N/A

Personswith chronic pains perceived usefulness of SWEPPE, median (IQR)

To be reminded of using SWEPPE?

Setting awork-related goal and follow-
ing the progress

Identifying barriers and strategies for
RTW

Sharing information with the employer

Self-monitoring health aspects and get-
ting an overview

Using the library

Asking questions and receiving answers
from the coach

Getting reminders of daily self-rating of
health aspects and weekly evaluation of
goal fulfillment

N/A

N/A

N/A
N/A

N/A
N/A

N/A

N/A

N/A

N/A
N/A

N/A
N/A

N/A

81 (53.3-92.3)

68 (53-90.5)

53.5 (28.3-60.8)
80 (56-88.3)

60.5 (54-75.3)
47 (41.5-69)

85.5 (70.8-95.8)

3N umber of correctly completed tasks.
BN/A: not applicable.

€SUS: System Usability Scale.

dsus score points range from 0 to 100, where higher scores represent better usability.
®Rated on avisual analogue scale ranging from 0 (no support) to 100 (maximum support).
FRTW: return to work.

9SWEPPE: Sustainable Worker Digital Support for Persons With Chronic Pain and Their Employers.
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Figure2. Overview of the assignmentsin usability test P1 performed by participants (n=3) from the reference group of persons with chronic pain, the
usability issuesidentified during the think-al oud methodol ogy, and how these issues were addressed in the continued devel opment process. RTW: return

to work.
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The process of setting a goa related to RTW and creating the
action plan was simplified, and questionsfor assessment of goal
fulfillment were added: further improvements of self-rating of
health aspects were made with addition and development of
items, and separate graphsfor self-monitoring of health aspects
and goas 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 devel oped.

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
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employee's progress as the most useful functionsin SWEPPE
(Table 6). The persons with chronic pain participating in test
P2 rated self-monitoring, setting a goa related to RTW, and
identifying barriers and strategies as the most useful functions.
Overdll, 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 employersand personswith 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
participantsin tests E1 and P2 also provided several comments
regarding the different functionsin SWEPPE, and the employers
provided suggestionsfor waysto improve the application (Table

7).
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Table 7. Overview of SWEPPE? and the modules and their content eval uated in the usability tests with the employers (test E1, n=3) and persons with
chronic pain (test P2, n=5).b

Modulein SWEPPE

Description of content

Comments from participantsin tests E1 and P2

The action plan®

Daily self-rating®

Self-monitoring
graphs®

The coach®

The library®d

Shared information
with the employer®d

Goal setting regarding work; identification of barri-
ersto RTW, strategies to handle these barriers, and
support wanted from the employer; and weekly
evaluation of work ability and fulfillment of the
goa

Self-rating of health and psychosocial aspects, work
situation, and strategies

Graphs for self-monitoring health aspects, work
ability, and progress toward the goa over time

Opportunity to ask aquestion and receive awritten
answer from a coach

Knowledge database devel oped based on previous
research with information (texts, films, and audio
clips) that reflects a biopsychosocial perspective
regarding chronic pain, physical activity, managing
the situation, activity pacing, balancein daily life,
sleep, workplace adaptations, tools for dialogue,
and answers from the coach on common questions

The person with chronic pain can give the employer
accessto thelibrary and shareinformation from the
action plan and the graph for monitoring work
ability and goal fulfillment in SWEPPE, and the
employer receives the information from the parts
of the action plan the employee has chosen to share;
if the empl oyee does not want to share any informa-
tion from the action plan, the employer still has
access to the library

“Good help to set agoa with the suggestions and getting asummary
in the overview” [P]

“Having agoa makesit easier to do the little extra to fulfil your
wishes’ [P]

“By identifying the barriers, it iseasier 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]

“1 like the suggestions for strategies because many might not even
think about it” [P]

“A very good part” [P]
“Good to be able to choose what health aspects to monitor” [P]

“Good with the summary in agraph” [P]

“Itiseasier to capture trendslike not doing exercise when you have
alot 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 exerciseis getting
worse” [P]

“To follow pain, stress and physical activity would help me alot.
It can help to do more exercise and it gives you agreat summary if
the activity helps for the pain” [P]

“Superb function to be able to get help viathe app” [P]
“Surely good if you need support in some way like how to handle
your employer” [P]

“Good texts and films. If only the employer has the time and will
tolearn thereisalot of good material in the app. Not only for the
employer but also for me” [P]

“Thiswould have been useful for me earlier [in the RTW process)”
[Pl

“| liked the library. A lot of good information” [P]

“Gathered information is always good” [E]

“Good and perspicuous arrangement of goa, barriers, strategies
and wanted support” [E]

“Can meetings be visualized? Reconciliation meetings with the
occupational health care servicesis an important basis that would
be good to seein the graph” [E]

“It would be valuable to follow up strategies from the employee
and employer that have not given results, that ischangesin strategies
and support wanted from the employer during rehabilitation. What
has given resultsin the right direction and what has not” [E]
“Clearer start and goal of the weekly evaluations, it would add
valueif you could register concrete actions to follow up” [E]

“A simple platform for quickly finding gathered information and
the employee's progress’ [E]

“Thisis not applicable for meright now but if | would increase my
working time, it would be very good to involve the employer. |
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 | think it would make communication between the employ-
er and the employee easier” [P]

“1t can be difficult to get you employer involved but with SWEPPE
it can be easier for the employer to seeif there is a negative trend.
Unfortunately, | don’t think everybody would dare to share with
their employer and some employerswill 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]

8SWEPPE: Sustainable Worker Digital Support for Persons With Chronic Pain and Their Employers.
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P These modules also constituted the final version of SWEPPE.
CAccessed by persons with chronic pain via the smartphone app.
dAccessed by the employers viathe web application.

The final version of SWEPPE consisted of al the modules
presented in Table 7. In the final version, the content of the
action plan (the goa and identifying strategies and support
wanted from the employer) can be individualized by the
employee. Theuser is presented with different options (strategies
or needs) to choose from, but these can be modified, and the
user can aso create their own options in the app. For daily
self-rating of health aspects, the user is given the possibility to

Turesson €t d

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
dider 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 (Smarta), one of the library sections (Hantera din situation). Bottom row: self-monitoring
(Oversikt) 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
biopsychosocia perspective and RTW in combination with
involvement of the end users during the devel opment 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
[30Q]. 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 stagesto revise
the design. Third, the software team used parallel design and
development activities using one sprint ahead with scheduling
and organization of the devel opment in 2-week sprints. Fourth,
continuous involvement of the end users throughout the process
was ensured by using 2 reference groups who participated in
guestionnaires 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 scenariosin 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 aproduct relevant for the users' context. Inthis
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
alarge cognitive load. This finding is consistent with findings
by Ledel Solem et al [15], where participating patients preferred
asimpler presentation of content rather than gamifying design
elements, as these could be chalenging to use when
experiencing chronic pain. The results from this study show
that SWEPPE was deemed easy to use, which has beenidentified
as a facilitator for using eHealth applications by persons with
chronic pain [17].

Supporting Self-management

Thisstudy showsthat SWEPPE hasthe potential to beavaluable
tool for supporting theindividual in self-management of chronic
pain during the RTW process. Web-based applications or
smartphone apps can be easily accessed and enable personswith
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

https://humanfactors.jmir.org/2022/1/e33571
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continues [7]. Self-monitoring of health aspects was an
important part to includein SWEPPE, asit isacommon strategy
for self-management among personswith 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 aso choose which and how many of the
biopsychosocial aspects availablein SWEPPE to monitor, based
on the relevance for the individua’s specific situation.
Self-monitoring in SWEPPE provides the user with feedback,
which can contribute to learning about health aspectsin 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, thelibrary
was developed to provide easily accessed information about
chronic pain based on a biopsychosocial perspective. The
content in the library wasintended 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 aweek [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 a [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 theinformation 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 participantsin both reference groupswerein 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 accessto thelibrary
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 asdightly lessuseful compared with the employers
and compared with other functionsin 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 needsto betested further inaclinical
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 personsin 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, personswith chronic pain who have participated in an |PRP
and who have experiences with the RTW process). The persons
with chronic pain participating in this study had come further
intheir RTW process than theintended 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 employersto the
reference group was more difficult, as they were experiencing
alot 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]. Overal, the small number of participantsin 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 val uabl e feedback during the whole process
on ideas, functions, and texts and helped prioritize the
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suggestionsfrom 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
guantitative methods for evaluation and feedback during the
development process[56], which gave valuableinformation 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 al the
written texts were evaluated in the tests with the reference
groups.

Usability testing requires advanced planning and involves
several decisions such as sel ecting 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, asthese peopl e probably were more comfortablewith using
technology than people who chose not to participate perhaps
because they were intimidated by technology. M ore 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, initialy in apilot study and then in arandomized
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 arelevant
and easy-to-use eHealth intervention. Further studiesare needed
to examine the effectiveness of SWEPPE in aclinical 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 SCSdevicefor thetreatment of chronic pain. Enhancing
the ability to track and assess patients during thisinitial 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 analgesiain 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
enablestracking 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 thetime 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 atrial goal.
Most patients underwent SCS screening with atrial 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: Datafrom thisinitial, 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 SCStrial success.

(IMIR eHum Factors 2022;9(1):e35134) doi:10.2196/35134

KEYWORDS
spinal cord stimulation; SCS; chronic pain; digital health; smartphone app; mobile heath; mHealth; smart device; digital application;
application; app; spine
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Introduction

Widespread use of smart devices (ie, mobile phones and tabl ets)
hasfostered an unprecedented growth in the use of digital-based
platformsand apps enabling real timetracking of health-related
outcomes and experiences of patients undergoing treatment of
chronic pain[1-3]. Moreimportantly, these contemporary tools
have been demonstrated to help instill a greater level of
assurancein 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 careis underpinned by what isnow referred
to as ecological momentary assessment (EMA), an approach
congtituted by the frequent sampling of study subjects behavior,
outcomes, and experiences in real time within the real-world
environmentsin 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) isan established treatment option
for chronic pain, which delivers electrical impulsesto neuronal
tissues within or adjacent to the spinal cord. Theseimpulsesare
capable of interrupting the transmission of dysregulated pain
signals, typically dueto nerveinjury, 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 asatrial, 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 reductionin
pain) aswell asimprovement in function, isapermanent 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 complicationsor 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
guestion. 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 amobile,
digital companion app during the SCS trial phase exist in the
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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-rel ated assessments, and satisfaction in those undergoing
SCSscreening in order to provide amorereal time examination
of thetrial experiencefor patientswith chronic pain. In so doing,
we sought to also determine how capable the app isin eliciting
patient engagement during this phase and whether this metric
could be potentially correlative with SCStrial success.

Methods

The newly commercially available mySCS app (Boston
Scientific) was provided at no cost to patients diagnosed with
chronic pain who participated in atrial (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 SCStrial,
but it was ot arequired condition in order to undergo their SCS
trial. The patientsweredirected to carry out one of thefollowing
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 representativeswere available at thetrial 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 pictoria representation of the app interface and a
sample tria 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 statusand patientswho 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 asecure database that
allows for exporting in PDF following completion of the trial.
SCS screening trial datafrom 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 variablelength, as determined by their physician. Typica
trials range from 3 to 7 days, and the app reminds the patient
to enter an assessment each day. Categorical descriptors selected
in rea 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
deep 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
ng the frequency of terms entered into the app by patients.
Recorded patient goalsand summaries of trial satisfaction were

Leeetd

assessed following completion of the SCS tria. Further,
patient-entered trial satisfaction summarieswere evaluated using
abigram analysis (occurrence of 2 consecutivewordsasapair).

A successful SCS trial is conventionally defined as a >50%
reductionin painintensity at the end of thetrial (vspretrial 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.
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Ethics Consider ation

All datawere collected in aggregate (independent of the centers
in which patients were implanted) and was obtained fully
deidentified, thereby obviating the need for ethicsboard review
approval of thisevaluation 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 patientswho did not use the app were also obtained
and eval uated. 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).

Characteristics

Patients with the mySCS app (n=13,331)

Patients without the mySCS app (n=12,196)

Gender—male, n (%) 5760 (43)
Age (years), mean (SD) 60 (14)
Trial success, % 91

5648 (46)
66 (13)
85

Intotal, 58.05% (n=7739) of those patients who had accessand
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 persona goal for their SCStrial.
Of the patientswho used the app, nearly 58.24% (n=7764) were
noted to have entered atria 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.

https://humanfactors.jmir.org/2022/1/e€35134

RenderX

Themost commonterm (“walk”) wasfoundin 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). Trias 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 reveal ed that 62.3% (n=3456) of
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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, 250%
pain relief) was noted. Alternatively, atrial successrate of 91%

Table 2. Occurrence of key termsin patient-entered goals (n=7795)

Leeetd

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 thetrial (Table5). 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.”

Key terms Values, n (%)
Walk 3634 (46.81)
Less pain 3514 (45.26)
Sleep 1520 (19.58)
Stand 1265 (16.29)
Sit 730 (9)

Figure2. App user engagement during trial period.
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Table 3. App engagement duration among users undergoing a 7-day trial (n=5547).

App engagement duration (days) Patients with a 7-day tria, n (%)
<1 954 (17.20)
2-3 1143 (20.61)
>4 3450 (62.19)

Table4. Trial success (=50% pain relief) among app users and nonusers.

Patients with successful trial, n (%)

Patients with the mySCS app (n=13,331)
Patients without the mySCS app (n=12,196)

12,133 (91.01)
10,359 (84.94)
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Table 5. Occurrence of bi-gramsin patient-entered trial assessments (n=1535).

Bi-gram Trial assessments, n (%)

Lesspain 108 (7.04)

More active 95 (6.19)

Very well 68 (4.43)

So much 62 (4.04)

Pain reljef 59 (3.84)

Much better 57 (3.71)
Discussion experience are likely to be highly desired and used by patients,

Principal Findings

This report, to our knowledge, is the first to demonstrate that
successful patient engagement and capability for real time
assessment of SCStrial outcomes can be achieved using anew,
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 al so observed that patients using thisnew app on their smart
devicewere ableto better recognize their responsesto treatment
(compared to patient recall), while also enabling the progress
of patients to be more clearly communicated after the trial
period. Thisisa potentialy 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 SCStrial, if offered, are
willing to use such atool [4,6,8]. Given theimportancethetrial
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 SCStrial. This result
is encouraging given that a substantial portion of the
SCS-implanted population is over the age of 65 yearsand 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 tool s during the COVID-19 pandemic, 2 published studies
by Han et al [22] and Lu et a [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

https://humanfactors.jmir.org/2022/1/e€35134

including potentially even those >65 years of age, as a
consequence, at least in part, of the necessitiesimposed 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 belowered when using digital
health tools that allow for remote-based patient tracking and
follow-up visits [22,23]. Though clinica examination (and
publication of data) pertaining to the use of digital health-based
toolsin the context of SCStherapiesis till quitelimited 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 technologiesasapart 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 variousdigital toolsinthereal-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 amore 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 usethe app). However, itiscurrently
unknown if patient satisfaction at completion of an SCStria is
infact greatly altered in patientsimplanted with an SCS device
for chronic pain who use adigital health-based tool versusthose
who do not. Nonethel ess, 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 notableimprovements
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 progressroutingy
and reflect on their current health-related state. Mental health
and treatment expectations are thought to have at least some
effect on outcomesin most patientstreated with SCSfor chronic
pain [18,29,30]. Therefore, whether the use of available digital
health tool s equi pped with EM A-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 anal yses described in thisreport
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
theimpact of new digital health tools on patient outcomesusing
predefined measures and study designs including those that
address the role that treatment expectations (ie, placebo
responses) may have on obtained clinica outcomes.
Additionally, the version of the app used by those described in
this report did not alow for a highly detailed recording of
baseline demographics, procedural information, or painintensity
based on an established rating scale (eg, Visual Anaogue Scale).
Going forward, procurement of such patient information may
facilitate the detection of any selection bias (ie, bias as aresult
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 asit 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
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success. Moreover, no data were available that would have
allowed an analysis of the percentage of patientswho continued
to receive a permanent implant after their successful trial or
whether specific goals beyond pain relief aone (eg,
improvementsin 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 SCStrial, demonstrates that substantial patient engagement
can be achieved while also providing for more reliable and
guantitative outcome measuresthat may help facilitateincreased
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 SCStrial.
A greater understanding of patient-specific clinical responses
may also alow 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.

RW, MR, and RJinitially conceived of this work. All authors provided intellectual input regarding the design of data collection
and analysis. RW conducted all biostatistical calculations. DSH wrote the first draft of the manuscript with assistance from RW.
All authors contributed to the editing and critical revision of the manuscript. The final version of the manuscript was approved
by all authors.

Conflictsof Interest

Thiswork is sponsored by Boston Scientific. JIML is aconsultant for Boston Scientific. All other authors are salaried employees
of Boston Scientific.

References

1. LalooC, shah U, Birnie KA, Davies-Chalmers C, Rivera J, Stinson J, et al. Commercially Available Smartphone Apps
to Support Postoperative Pain Self-Management: Scoping Review. IMIR Mhealth Uhealth 2017 Oct 23;5(10):e162 [FREE
Full text] [doi: 10.2196/mhealth.8230] [Medline: 29061558]

2. Sepian PM, Peng M, Janmohamed T, Kotteeswaran Y, Manoo V, Blades AM, et a. Engagement with Manage My Pain
mobile health application among patients at the Transitional Pain Service. Digit Health 2020 Oct 13;6:2055207620962297
[FREE Full text] [doi: 10.1177/2055207620962297] [Medline: 33117557]

3. Thurnheer SE, Gravestock I, Pichierri G, Steurer J, Burgstaller IM. Benefits of Mobile Appsin Pain Management: Systematic
Review. IMIR Mhealth Uhealth 2018 Oct 22;6(10):€11231 [FREE Full text] [doi: 10.2196/11231] [Medline: 30348633]

4.  Suso-RiberaC, CadtillaD, Zaragoza |, Ribera-Canudas M, Botella C, Garcia-Palacios A. Validity, Reliability, Feasibility,
and Usefulness of Pain Monitor: A Multidimensional Smartphone App for Daily Monitoring of Adults With Heterogenous
Chronic Pain. Clin J Pain 2018 Oct;34(10):900-908. [doi: 10.1097/A JP.0000000000000618] [Medline: 29659375]

5. Stinson J, Jibb L, Nguyen C, Nathan B, Maloney A, Dupuis L, et al. Construct validity and reliability of areal-time
multidimensional smartphone app to assess pain in children and adol escentswith cancer. Pain 2015 Dec;156(12):2607-2615.
[doi: 10.1097/j.pain.0000000000000385] [Medline: 26580680]

https://humanfactors,jmir.org/2022/1/e35134 JMIR eHum Factors 2022 | vol. 9 | iss. 1 |e35134 | p.109

(page number not for citation purposes)


https://mhealth.jmir.org/2017/10/e162/
https://mhealth.jmir.org/2017/10/e162/
http://dx.doi.org/10.2196/mhealth.8230
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29061558&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/2055207620962297?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/2055207620962297
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33117557&dopt=Abstract
https://mhealth.jmir.org/2018/10/e11231/
http://dx.doi.org/10.2196/11231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30348633&dopt=Abstract
http://dx.doi.org/10.1097/AJP.0000000000000618
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29659375&dopt=Abstract
http://dx.doi.org/10.1097/j.pain.0000000000000385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26580680&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS Lecetd

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Galve VillaM, SPalsson T, Cid Royo A, R Bjarkam C, Boudreau SA. Digital Pain Mapping and Tracking in Patients With
Chronic Pain: Longitudina Study. JMed Internet Res 2020 Oct 26;22(10):€21475 [FREE Full text] [doi: 10.2196/21475]
[Medline: 33104012]

Ono M, Schneider S, Junghaenel DU, Stone AA. What Affects the Completion of Ecological Momentary Assessmentsin
Chronic Pain Research? An Individual Patient Data Meta-Analysis. JMed Internet Res 2019 Feb 05;21(2):€11398 [FREE
Full text] [doi: 10.2196/11398] [Medline: 30720437]

BhatiaA, Kara J, Janmohamed T, Prabhu A, Lebovic G, Katz J, et al. User Engagement and Clinical Impact of the Manage
My Pain Appin Patients With Chronic Pain: A Real-World, Multi-site Trial. IMIR Mhealth Uhealth 2021 Mar 04;9(3):e26528
[FREE Full text] [doi: 10.2196/26528] [Medline: 33661130]

Eldabe S, Duarte RV, Gulve A, Thomson S, Baranidharan G, Houten R, et a. Does a screening trial for spinal cord
stimulation in patients with chronic pain of neuropathic origin have clinical utility and cost-effectiveness (TRIAL-STIM)?
A randomised controlled trial. Pain 2020 Dec 29;161(12):2820-2829 [FREE Full text] [doi:
10.1097/].pain.0000000000001977] [Medline: 32618875]

Chadwick R, McNaughton R, Eldabe S, Baranidharan G, Bell J, Brookes M, et a. To Trial or Not to Trial Before Spinal
Cord Stimulation for Chronic Neuropathic Pain: The Patients' View From the TRIAL-STIM Randomized Controlled Trial.
Neuromodulation 2021 Apr;24(3):459-470 [EREE Full text] [doi: 10.1111/ner.13316] [Medline: 33258531]

Huang KT, Hazzard MA, Babu R, Ugiliweneza B, Grossi PM, Huh BK, et a. Insurance disparities in the outcomes of
spinal cord stimulation surgery. Neuromodulation 2013;16(5):428-34; discussion 434. [doi: 10.1111/ner.12059] [Medline:
23647668]

Babu R, Hazzard MA, Huang KT, Ugiliweneza B, Patil CG, Boakye M, et al. Outcomes of percutaneous and paddle lead
implantation for spinal cord stimulation: a comparative analysis of complications, reoperation rates, and health-care costs.
Neuromodulation 2013;16(5):418-26; discussion 426. [doi: 10.1111/ner.12065] [Medline: 23647789]

Zhao P, Yoo |, Lancey R, Varghese E. Mobile applications for pain management: an app analysis for clinical usage. BMC
Med Inform DecisMak 2019 May 30;19(1):106 [FREE Full text] [doi: 10.1186/s12911-019-0827-7] [Medline: 31146739]
Schoth DE, Radhakrishnan K, Liossi C. A systematic review with subset meta-analysis of studies exploring memory recall
biases for pain-related information in adults with chronic pain. PR9 2020 Mar 31;5(2):e816. [doi:
10.1097/pr9.0000000000000816]

Daoust R, Sirois M, Lee J, Perry J, Griffith L, Worster A, et al. Painful Memories: Reliability of Pain Intensity Recall at 3
Monthsin Senior Patients. Pain Res Manag 2017;2017:5983721 [FREE Full text] [doi: 10.1155/2017/5983721] [Medline:
28260963]

Gendreau M, Hufford MR, Stone AA. Measuring clinical pain in chronic widespread pain: selected methodological issues.
Best Practice & Research Clinical Rheumatology 2003 Aug;17(4):575-592. [doi: 10.1016/s1521-6942(03)00031-7]
Odonkor CA. Fantastic Four: Age, Spina Cord StimulatorWaveform, Pain Localization and History of SpineSurgery
Influence the Odds of Successful SpinalCord Stimulator Trial. Pain Phys 2020 Jan 15;1;23(1;1):E19-E30. [doi:
10.36076/ppj.2020/23/€19]

Prabhala T, Kumar V, Gruenthal E, Collison C, Prusik J, Owusu S, et al. Use of a Psychological Evaluation Tool as a
Predictor of Spinal Cord Stimulation Outcomes. Neuromodulation 2019 Feb;22(2):194-199. [doi: 10.1111/ner.12884]
[Medline: 30378737]

2020 Digital Health Consumer Survey. Accenture. 2020. URL: https://www.accenture.com/_acnmedia/PDF-130/
Accenture-2020-Digital -Heal th-Consumer-Survey-US.pdf [accessed 2022-01-20]

Aging in Place Report. Rock Health. URL : https://mail chi.mp/rockhealth/aginginplace [accessed 2022-01-20]

Fulmer T, Reuben DB, Auerbach J, Fick DM, Galambos C, Johnson KS. Actualizing Better Health And Health Care For
Older Adults. Health Aff (Millwood) 2021 Feb;40(2):219-225. [doi: 10.1377/hithaff.2020.01470] [Medline: 33476185]
HanY, LuY, Wang D, Ran M, Ren Q, Xie D, et a. The Use of Remote Programming for Spinal Cord Stimulation for
Patients With Chronic Pain During the COVID-19 Outbreak in China. Neuromodulation 2021 Apr;24(3):441-447 [FREE
Full text] [doi: 10.1111/ner.13382] [Medline: 33751731]

LuY, XieD, Zhang X, Dong S, Zhang H, Yu B, et al. Management of Intractable Pain in Patients With Implanted Spinal
Cord Stimulation Devices During the COVID-19 Pandemic Using a Remote and Wireless Programming System. Front
Neurosci 2020;14:594696 [FREE Full text] [doi: 10.3389/fnins.2020.594696] [Medline: 33363453]

Consumer Health Behavior and the COVID-19 pandemic: What we'velearned. PwC Health Research Ingtitute. 2021. URL:
https.//www.pwc.com/us/en/industries/heal th-industries/library/assets/hri-2021-consumer-survey-I nsight-chartpack. pdf
[accessed 2022-01-20]

Telehealth Use Among Older Adults Before and During COVID-19. National Poll on Healthy Aging, University of Michigan.
2020. URL: https://deepblue.lib.umich.edu/bitstream/handl e/2027.42/156253/

0212 NPHA-telehealth-report-FINAL -08142020-v6-handl e.pdf ?sequence=4& isAllowed=y [accessed 2022-01-20]
Zhang C, Zhu K, Lin Z, Huang P, Pan Y, Sun B, et al. Utility of Deep Brain Stimulation Telemedicine for Patients With
Movement Disorders During the COVID-19 Outbreak in China. Neuromodulation 2021 Feb;24(2):337-342 [EREE Full
text] [doi: 10.1111/ner.13274] [Medline: 33006811]

https://humanfactors,jmir.org/2022/1/e35134 JMIR eHum Factors 2022 | vol. 9| iss. 1 |e35134 | p.110

(page number not for citation purposes)


https://www.jmir.org/2020/10/e21475/
http://dx.doi.org/10.2196/21475
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33104012&dopt=Abstract
https://www.jmir.org/2019/2/e11398/
https://www.jmir.org/2019/2/e11398/
http://dx.doi.org/10.2196/11398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30720437&dopt=Abstract
https://mhealth.jmir.org/2021/3/e26528/
http://dx.doi.org/10.2196/26528
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33661130&dopt=Abstract
http://europepmc.org/abstract/MED/32618875
http://dx.doi.org/10.1097/j.pain.0000000000001977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32618875&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1094-7159(21)00052-0
http://dx.doi.org/10.1111/ner.13316
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33258531&dopt=Abstract
http://dx.doi.org/10.1111/ner.12059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23647668&dopt=Abstract
http://dx.doi.org/10.1111/ner.12065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23647789&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-019-0827-7
http://dx.doi.org/10.1186/s12911-019-0827-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31146739&dopt=Abstract
http://dx.doi.org/10.1097/pr9.0000000000000816
https://doi.org/10.1155/2017/5983721
http://dx.doi.org/10.1155/2017/5983721
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28260963&dopt=Abstract
http://dx.doi.org/10.1016/s1521-6942(03)00031-7
http://dx.doi.org/10.36076/ppj.2020/23/e19
http://dx.doi.org/10.1111/ner.12884
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30378737&dopt=Abstract
https://www.accenture.com/_acnmedia/PDF-130/Accenture-2020-Digital-Health-Consumer-Survey-US.pdf
https://www.accenture.com/_acnmedia/PDF-130/Accenture-2020-Digital-Health-Consumer-Survey-US.pdf
https://mailchi.mp/rockhealth/aginginplace
http://dx.doi.org/10.1377/hlthaff.2020.01470
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33476185&dopt=Abstract
http://europepmc.org/abstract/MED/33751731
http://europepmc.org/abstract/MED/33751731
http://dx.doi.org/10.1111/ner.13382
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33751731&dopt=Abstract
https://doi.org/10.3389/fnins.2020.594696
http://dx.doi.org/10.3389/fnins.2020.594696
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33363453&dopt=Abstract
https://www.pwc.com/us/en/industries/health-industries/library/assets/hri-2021-consumer-survey-Insight-chartpack.pdf
https://deepblue.lib.umich.edu/bitstream/handle/2027.42/156253/0212_NPHA-telehealth-report-FINAL-08142020-v6-handle.pdf?sequence=4&isAllowed=y
https://deepblue.lib.umich.edu/bitstream/handle/2027.42/156253/0212_NPHA-telehealth-report-FINAL-08142020-v6-handle.pdf?sequence=4&isAllowed=y
https://linkinghub.elsevier.com/retrieve/pii/S1094-7159(21)00080-5
https://linkinghub.elsevier.com/retrieve/pii/S1094-7159(21)00080-5
http://dx.doi.org/10.1111/ner.13274
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33006811&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS Lecetd

27.

28.

29.

30.

31.

Jitkritsadakul O, Rajalingam R, Toenjes C, Munhoz RP, Fasano A. Tele-health for patients with deep brain stimulation:
The experience of the Ontario Telemedicine Network. Mov Disord 2018 Mar;33(3):491-492. [doi: 10.1002/mds.27230]
[Medline: 29119600]

ChenY, Hao H, Chen H, Li L. The study on atelemedicine interaction mode for Deep Brain Stimulation postoperative
follow-up. 2015 Presented at: Annual International Conference of the IEEE Engineering in Medicine and Biology Society
(EMBC); 25-29 August 2015; Milan, Italy. [doi: 10.1109/embc.2015.7318331]

Khazen O, Rosoklija G, Custozzo A, Gillogly M, Bridger C, Hobson E, et a. Correlation Between Aspects of Perceived
Patient Loneliness and Spinal Cord Stimulation Outcomes. Neuromodulation 2021 Jan;24(1):150-155. [doi:
10.1111/ner.13299] [Medline: 33119206]

Duarte RV. Analysisof Psychological Characteristicslmpacting Spinal Cord Stimulation TreatmentOutcomes: A Prospective
Assessment. Pain Phys 2015 May 15;3;18(3;5):E369-E377. [doi: 10.36076/ppj.2015/18/e369]

Murphy KR, Han JL, Hussaini SMQ, Yang S, Parente B, Xie J, et a. The Volume-Outcome Effect: Impact on
Trial-to-Permanent Conversion Rates in Spinal Cord Stimulation. Neuromodulation 2017 Apr;20(3):256-262 [ FREE Full
text] [doi: 10.1111/ner.12526] [Medline: 27696607]

Abbreviations

EMA: ecologica momentary assessment
HIPAA: health insurance portability and accountability act
SCS: spinal cord stimulation

Edited by A Kushniruk; submitted 22.11.21; peer-reviewed by R Jamison; comments to author 17.01.22; revised version received
11.02.22; accepted 14.02.22; published 23.03.22.

Please cite as:

Lee M, Woon R, Ramsum M, Halperin DS, Jain R

User Engagement and Assessment of Treatment Effectiveness in Patients Using a Novel Digital mHealth App During Spinal Cord
Simulation Screening Trials

JMIR eHum Factors 2022;9(1):e35134

URL: https://humanfactors.jmir.org/2022/1/e35134

doi:10.2196/35134

PMID: 35167484

©Jennifer M Lee, Rex Woon, Mandy Ramsum, Daniel S Halperin, Roshini Jain. Originally published in IMIR Human Factors
(https://humanfactors,jmir.org), 23.03.2022. Thisis 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 IMIR Human Factors, is properly cited. The complete bibliographic
information, alink to the original publication on https://humanfactors.jmir.org, as well as this copyright and license information
must be included.

https://humanfactors,jmir.org/2022/1/e35134 JMIR eHum Factors 2022 | vol. 9 | iss. 1 |e35134 | p.111

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.1002/mds.27230
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29119600&dopt=Abstract
http://dx.doi.org/10.1109/embc.2015.7318331
http://dx.doi.org/10.1111/ner.13299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33119206&dopt=Abstract
http://dx.doi.org/10.36076/ppj.2015/18/e369
http://europepmc.org/abstract/MED/27696607
http://europepmc.org/abstract/MED/27696607
http://dx.doi.org/10.1111/ner.12526
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27696607&dopt=Abstract
https://humanfactors.jmir.org/2022/1/e35134
http://dx.doi.org/10.2196/35134
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35167484&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS Kaveladze et d

Original Paper

User Experience, Engagement, and Popularity in Mental Health
Apps: Secondary Analysis of App Analytics and Expert App
Reviews

Benjamin T Kaveladze!, MA; Akash R Wasil?, MA; John B Bunyi®, MA; Veronica Ramirez', BA; Stephen M
Schueller'®, PhD

1Department of Psychological Science, University of California, Irvine, CA, United States
2Department of Psychology, University of Pennsylvania, Philadelphia, CA, United States
3Department of Informatics, University of California, Irvine, CA, United States

Corresponding Author:

Benjamin T Kaveladze, MA

Department of Psychological Science
University of California

4201 Socia & Behaviora Sciences Gateway
Irvine, CA, 92697-7085

United States

Phone: 1 310 984 9318

Email: bkavelad@uci.edu

Abstract

Background: User experience and engagement are critical elements of mental health apps’ abilities to support users. However,
work examining the rel ationships 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 dataanalysisin asample 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 popul arity,
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):€30766) 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 menta hedth 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 ams 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 bel ow.

One approach to studying engagement is to quantify user
retention: the proportion of users who continue to use an app
over acertain 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 factorsthat predict retention, such as
therapeutic persuasiveness and therapeutic alliance [10].
Retention isauseful metric of engagement becauseit 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 agiven
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 usersacrosssimilar 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 differencesin 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
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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 effortsto 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 remindersand “digital triggers’ [15], and
incorporating human support [16].

In summary, current research has examined engagement from
multiple perspectives, severa efforts to improve engagement
are underway, and research on engagement isstill initsinfancy.
Oneimportant 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 amobile app. It is shaped by an app’s content,
its functionality, and its look and feel. Similar to
conceptualizations of engagement, it al so 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 haverelative
strengths and weaknesses.

For mobile mental health apps, the most widely used measure
of user experience isthe mobile app rating scale (MARS) [19].
It has been used in various eval uations 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 scal e assesses how interactive and interesting
theappis, thefunctionality scale assessesthe app’sfunctioning
and ease of use, the aesthetics scale assesses overal visua
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 isused by atrained 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 asaform
of heuristic eval uation 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 determinethe MARS' s other psychometric properties,
such asits predictive validity.

Another way to understand the user experience of mental health
appsisto 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 genera
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

Thisstudy 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 experienceratings. 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.
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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 userswho 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 storeswas 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 valuesto asingle value per app, computed asthe variable's
mean across al of the days of the month in which that app’s
MARS review was completed. We performed all analysesusing
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 storeratingsin the 365 days preceding February 8, 2021.
Each retention variable' svalue 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 appsthat lacked Apptopiadata
for at least 1 day in the month as missing datamay have created
a bias toward inflated monthly average values. Among the 91
apps with MARS rating data provided by One Mind
PsyberGuide, 56 had A pptopia datafor 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 al so 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 al 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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mani pulation and figure creation were conducted in R using the
tidyverse family of packages[30] and §Plot [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
variablesin 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,
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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 2illustrates Kendall rank correlation coefficients across
variables of interest. MARStotal scorestended 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 afew 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.
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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.
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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 appsin our data set, the 3 most popular apps accounted for
66.6% of MAUSs, and the 10 most popular apps accounted for
90% of MAUs[11]. Asnoted in the anal yses 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

https://humanfactors,jmir.org/2022/1/e€30766
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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 | og-adjusted downloads for mobile mental health apps, Kendall

T=0.41, P<.001, n=56.
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Sensitivity Analysis

Thedaily valuesthat were averaged to form the monthly average
values for the MAU, daily revenue, and daily downloads
variableswere 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 severa
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 afairly 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
suggeststhat app store ratings are not abroadly 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, asrated by individual observers, are

https://humanfactors.jmir.org/2022/1/€30766

characteristic of more popular apps. Importantly, however, this
relationship does not appear linear: afew 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 popul ar
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 studiesvs rapid testing of
prototypes), and other factors may give industry teams a
competitive advantage in devel oping 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 devel oping 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 isacommon way that people learn about mental
health apps[1]. Payment models al so 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 asLeBron Jamesfor Calm or Michael Phelps
for Talkspace. This paper focused on aspects of the apps
themselvesrather than these other aspects of the businessmodels
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 elementsthat speak to design
targets such as usefulness, usability, and satisfaction, as well
as use metrics, such asthose 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 logicaly similar to efforts in
implementation science frameworksto map key implementation
outcomesincluding adoption, appropriateness, and sustainment,
and consistent with work that has mapped those outcomes onto
different variables relevant to technol ogy-enabled services[36].

As can be seen in Figure 2, while our measure of initial
engagement—ie, downloads—was predicted by severa
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 inbehavioral sciencesisthat onthe 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 aso 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 asfrequency (asin consistent
vs bursty use), intensity (as in moderate or super users [37]),
time (asin circadian patterns in use [38]), or type (asin 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 userslikely 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
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shaped by characteristics of the app, such as user experience or
app features, and characteristics of the different waysthat people
use digital health products.

Another reason that retention might be a heterogeneous concept
isthat mental health apps vary in their intended user journeys.
Some apps might be designed for peopl e 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 appl es-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 al together
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 limitationsto consider in thiswork. 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 alikely biastoward 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 asan 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 rel ationships between variablesare likely bidirectional;
for example, better user experiencelikely causes appsto become
more popular, but apps that are more popular also gain the
resourcesto 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
datawere available, although all MARS ratings occurred during
the 1-year period for which analytic datawere obtained. Lastly,
asthe aim of this paper was to understand how aspects of user
experience rel ate to engagement and popul arity, we do not know
if using these mental health appsactually hel ps peopleto 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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mental health apps, future work should explore innovative
intervention strategies by which apps can support mental health

evaluation purposes. in ways that appeal to users.

Future Directions

Although this analysis observes rank-order trends, it does not
explain why a few apps, such as Cam 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. Finaly, given low retention among

Asone resource for exploring these future directions and other
ideas, we encourage researchersto explorethe 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
organi zational 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 socia and organizational focus in innovative design projects by mapping
out the mechanismsthat occur at boundaries during design. Four dialogical learning mechanismsthat can betriggered 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 oninnovation in health, this study aimsto 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 awide range of published
studiesin thefield of hedlth.

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 paperswhere we identified more mechanisms, 9 (75%) described the devel opment
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):€31167) 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 abridging
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
objectswasinitialy 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 partiesin health care with different needs and
goals, theimplementation of innovationsin 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 partiesand
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 objectsideally addressthe needs of each stakeholder
group and aim to contribute to the goals of al stakeholders
involved, even if they do not pursue the same goal. This also
meansthat different stakehol ders can interpret aboundary object
differently, something that Star [7] callsinterpretive 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 strategiesfor complex problems
and actively involves stakeholders during the devel opment and
implementation of innovation [23,24]. Design as a discipline
already hasalong history in the devel opment 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 peopl€e's involvement in design through
participatory design [33-35] seem to have a good fit with the

https://humanfactors.jmir.org/2022/1/e31167

shiftsin the focus of health care. The focus of emerging design
disciplines on innovation, transformation, and services within
organizations [36] can a so solve implementation and adoption
problemsin 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 isoverrepresented:
“boundary objects almost became synonymouswith 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, alot can be learned regarding the product or
idea during development, primarily through the interpretation
of end users. However, the more organizational side of boundary
objectsto let peoplework 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’ rolein the organizational nature as
a back-and-forth movement between ill-structured and
well-structured [7]. In this life cycle, paralels 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 leadsto integration in the context where anew and clear
structure occurs.

Both boundary objects—through their organizational focusand
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
devel opment process|[22]; frameworksaimed 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 befound in asystematic 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.

| dentification

Theidentification mechanismisabout |earning what the diverse
practices are to each other [3]. Typicaly, 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 phaseis 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 thelife [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

Diaogical 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 devel opment of co-design practices,
users can become active participants in design projects and
processes [63,64]. Thereisawide variety of methodsin 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 isin (temporarily) overcoming
boundaries and getting to know each other, not in reconstructing
them. This usually fits the design stage where there are no
objectivesformulated yet; the problem still needsto be defined,
and the co-ownership of different stakeholdersis 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 perspectivesthrough perspective
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taking and perspective making. Together with theidentification
mechanism, the reflective mechanism focuses mainly on
meaning-oriented learning processes. Once enacted, the
reflective mechanism resultsin an expanded set of perspectives
that inform future practices. Within the design discipline, and
as a designer, reflection is essential. Schon [73] describes the
creative process as a continuous process of reflection in action.
Following the theory by Schon [73], designers enfold a
continuum of activity by reflecting and acting within a new
situation. The designer and stakeholder reflectionshelp to frame
and move the problem toward the common ground. Both the
designer and the parties at stake continuously learn and reflect
inadialogical way. Thisdialogical learning is essential within
participatory design, as participatory design sees people asthe
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’srolein
a complex setting; the whole network of stakeholders is
necessary to get to the preferred situation. In acomplex 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, wherethereisroom 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 aspecific
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
valueto reflect on the socia processearly in the design process,
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using learning mechanismsto 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

Textbox 1. Search terms used for relevant abstracts in PubMed.

Terlouw et al

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 differencesin search enginefunctionality, the method
by which termswere entered differed per database. A complete
overview of the termsis 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 termsto 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.

Search terms

o  (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) otherwisefocused on anewly devel oped
or implemented innovation. Papers meeting these criteriawere
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
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the agreement of both GT and DK, where a plausible
argumentation for consideration of inclusion always led to
inclusion. Full-text paperswereretrieved after thisstep. 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 theidentified mechanisms. Then, the main reviewer
(GT) reviewed the other included papersfor afull-text reading.

Results

Search Results

Our initia 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 aflowchart 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.
PubMed: 160
3102 records identified E:nba::' 196
through database searching Ps.:,'::INFIEJ' 540
Scopus: 1831
ERIC: 295
LISTA: 80
Removed 916 duplicate
records

2186 records screened on title
and abstract

2121 records excluded: not
relevant for the topic

L 2

65 records screened on full-
text

40 records excluded:
- No health care
- French language
- No boundary objects
- Monograph
25 records included - Debate paper
- Short report
- Misuse of the concept

L

- Insufficient information

L We studied full-text papers on applying the concept of boundary
General Findings objects; whether this concept was used to describe daily life
The studiesincluded in this systematic review had varied study  situations or situations where there was innovation either in its
designs and topics. Table 1 presents the study designs, topics,  development, implementation, or postimplementation stage;
and characteristics. All the included articles were published  and if >1 dialogical learning mechanisms could be identified.

after 2008. In the following section, we categorize the papers based on their
mechanisms and the situations they applied to.
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Table 1. Papersincluded in the systematic review.

Study Title Identified learning mecha- Phase
nisms
Nielsen and Mengiste, 2014 Analyzing the diffusion and adoption of mobile IT2 Identification Postimplementation

(80] across social worlds +  Transformation
Lambert et a, 2019 [81] Antimicrobial resistance, inflammatory responses: a «  Identification Operational
comparative analysis of pathogenicities, knowledge
hybrids and the semantics of antibiotic use
Kajamaa, 2011 [82] Boundary breaking in ahospital: expansivelearning «  Identification Development and implementa-
between the worlds of evaluation and frontlinework «  Coordination tion
« Reflection

Transformation

Bjarn et al, 2009 [83] Boundary factors and contextual contingencies: « ldentification Development and implementa-
configuring electronic templates for health care pro- tion
fessionals
Sajtos et al, 2018 [84] Boundary objectsfor institutional work acrossservice o  Identification Implementation
ecosystems «  Coordination
« Reflection

Transformation

Jensen and Kushniruk, 2016 Boundary objectsin clinical simulation and design  «  Identification Development and implementa-
[85] of eHealth «  Coordination tion
« Reflection

Transformation

Sampalli et al, 2011 [86] Clinical vocabulary asaboundary object inmultidiss «  Coordination Operational
ciplinary care management of multiple chemical
sensitivity, a complex and chronic condition

Sampalli et al, 2009 [87] Boundary objectsin the multidisciplinary careman- «  Coordination Operational

Fox, 2011 [88]

agement of chronic conditions: multiple chemical
sensitivity

Boundary objects, social meanings and the success
of new technologies

Transformation

Postimplementation analysis

Jentoft, 2020 [89] Boundary-crossings among health studentsininter- «  Coordination Project
professional geropsychiatric outpatient practice: « Reflection
collaboration with elderly people living at home

Haland et al, 2015 [90] Care pathwaysasboundary objectsbetweenprimary .  Coordination Development and implementa-
and secondary care: experiences from Norwegian o Reflection tion

home care services

Transformation

Sajtos et al, 2014 [91] Case-mix system as a boundary object: thecaseof «  Coordination Development
home care services

Islind et al, 2019 [44] Co-designing adigital platform with boundary ob- «  Identification Development
jects: bringing together heterogeneoususersinheath «  Coordination
care o  Transformation

Meier, 2015 [92] Collaboration in health care through boundary work «  Coordination Operational
and boundary objects

Williams et al, 2008 [93] Human embryos as boundary objects? Somereflec- «  Identification Operational
tions on the biomedical worlds of embryonic stem
cells and preimplantation genetic diagnosis

Keshet and Popper-Giveon, Integrative health carein Isragl and traditional Arab «  Identification Operational

2013 [94] herbal medicine: when hedlth careinterfaceswith «  Coordination
culture and politics « Reflection

Marabelli et al, 2017 [95]

Knowledge sharing and health care coordination: the
role of creation and use brokers

Transformation

Identification
Coordination

Development and implementa-
tion
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Study

Title

Islind and Snis, 2017 [96]

Isah and Bystroém, 2020
[97]

Gregory et al, 2014 [98]
Stewart and Watson, 2019
[99]

Melo and Bishop, 2020
[100]

Mengiste and Annestad,
2013 [101]

McLoughlin et &, 2016
[102]

Terlouw et a, 2020 [57]

Learningin homecare: adigital artifact asadesignat-
ed boundary object-in-use

The mediating role of documents: information shar-
ing through medical recordsin health care

Patient experiences of diabetes eHealth

A Sociotechnical history of the ultralightweight
wheelchair: avehicle of social change

Trandating health care research evidence into prac-

tice: the role of linked boundary objects

Understanding the dynamics of learning acrosssocia
worlds: a case study from implementing | Pinthe
Ethiopian public health care system

Doing infrastructural work: the role of boundary ob-
jectsin health information infrastructure projects

Design of adigital comic creator (It'sMe) to facilitate
social skillstraining for children with autism spec-

Identified learning mecha- Phase

nisms

« Identification Development and implementa-
«  Coordination tion

Transformation

Coordination

Coordination

Transformation

Operational

Postimplementation

Postimplementation

«  Coordination Postimplementation and opera-

« ldentification tiona

« Identification Development

«  Coordination

«  Coordination Development and implementa-
tion

«  Coordination Development

« Reflection

trum disorder: design research approach

o  Transformation

3 T: information technology.
b1S: information system.

Identification

Of the 25 papers, 2 (8%) [81,93] described amedical term asa
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 a [93]
conceptualized embryos to find out how they were
decontextualized and recontextualized within and between 2
different cultural systems. In both studies, existing beliefswere
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 moreinnovative 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 revedled 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 usersin thefuture. This
technology seemed to reinforce existing differences, triggering
the identification mechanism.

Bjarn et a [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

https://humanfactors.jmir.org/2022/1/e31167

a boundary object. Users indicated whether they could work
with the system and how. This led to adjustments and
reconfigurationsin 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 mechanismin 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,
especialy their narratives and patient records, formed the
boundary objects to make constructive multidisciplinary work
possible. A study by Isah and Bystrodm [97] focused on the
role of case notes as mediating artifacts in patient care. Their
study demonstrated how case noteswere asource of information
and an essential, enacting, and mediating part of thework 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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deliberatelearning; they embody aclerkship 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
wasidentified in thefirst of 2 included papers from Sajtos et a
[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 afunneling 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 principlesand
constraints were identified and addressed in the final solution
by aligning the stakeholders’ interests. In the project, no clients
weredirectly 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 asaboundary object
for developing an understanding of why the eHealth system
was used in awide 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 anational level. In theregiona 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.

Transfor mation

The transformation mechanism was identified in 8% (2/25) of
the studies. Both studies described a more extended
transformational devel opment in retrospect. Fox [88] described
the devel opment 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 vehiclesthat
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 devel opment and adoption.

This study described the surgery profession’s transformation
process, partly through boundary objects, from only ahealer of
disease to a healer of disease who was also a safety procurer.
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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 asaboundary
object seemed to manifest power relations between the diverse
communities it engaged.

Multiple M echanisms

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
suitableinterventionsfor clientsto enhancetheir 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 arelationship 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 knowledgeabl e 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 traditiona medicine. Through ethnographic
fieldwork, they focused on a group of integrative physicians
who had recently begun integrating conventional herbal
medicine. By conceptualizing traditional medicine asaboundary
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 apink wristband as aboundary object. The pink wristband
was used to signal patients with ahigh 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 devel oping 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
specialistsinvolved 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 animportant rolein identifying and addressing the problem.
The interviews and sessions had the characteristics to trigger
the identification mechanism. In their anaysis, 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 systemsin 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 prototypeswere described, which
also had the characteristics of boundary objects.

In the paper by Haland, Resstad, and Osmundsen [90],
coordinating and reflection mechanisms were identified. They
studied the development, introduction, and use of “a care
pathway across headthcare 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 objectsin translation between
specidist hedlth 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
crucia 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 atool for bridging
across them” [90]. By introducing the care pathway system
early, as an idea, to different stakeholders, they could address
specific needsin 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
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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 al 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
under standing.

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 objectsto
facilitate ingtitutional work across different ecosystemsthrough
acase-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 asa* boundary object enabled
the actors to reframe and theorize about their idiosyncratic
meanings of healthcare provision and embrace some new
aspects.” Thisled to perspective making and reframing of their
own views to eventualy 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 implementati on 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
atool, 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
thefirst time.

Studies I nvolving 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 a [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. Idind
et a [44] described the following three types of boundary
objects: narratives as open boundary objectsin the first phase,
metaphorical boundary objects as semiopen boundary objects
inthe second phase, and structured boundary objectsin thethird
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 aso
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.

Inwhat Islind et al [44] called the metaphorical phase, boundary
objectsfacilitated conversation, collaboration, and consultation
among stakehol ders, 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 astudy by Islind and Snis[96], the focus was on devel oping
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 aboundary object in use. Asa
boundary object, the mHealth artifact triggered different
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mechanisms. In conversations, the tool reinforced the identity
of older adults. For example, they realized how long they had
not been to agrocery store. From the older adults’ perspective,
the boundary object functioned as* asubstitute 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
asfollows:

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 explorationswereinterpreted
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 a [57] described the development of adigital comic
creator for children with an autism spectrum disorder. The
digital tool was approached during the process and designed as
aboundary 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 Objectsin 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 a [48] aso
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
Kaamaa[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 thisevent, 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 socia effect. Various
label swere given to boundary objectsin different studies, which
described a more designerly process for an artifact. In the
different included and excluded studies, we saw adifferentiation
between designated boundary objects and boundary objectsin
use[96,104,105]. This differentiation can be seen asparallel 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 I1slind 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 objectsin thethird
phase. Although again, the focus was more on the devel opment
of the object itself rather than the effects of the object in the
social context, parallels can be drawn with adesign processand
application of the learning mechanisms in practice, as can be
seen in the resullts.

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 ahistorical perspective[88,99], describing along timeline
of aparticular development. However, it isdifficult 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 theinnovation or tool afterward. Therewasmore
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 amore complex setting
with multiple stakeholders, needs, and interests. When these
are appropriately addressed in the design through a boundary
object’sfocusand, 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
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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 ashared change spacein which innovation
can flourish.

Strengths and Limitations

Asseenin previousresearch [106], little attention has been paid
to describing a conscious rationale for designing innovative
artifactsin health careresearch. Thismakesit hard to determine
the thoughts and foundations of adesigned object. Inthis study,
thisfact 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 changeswere explicitly made
to a prototype or design after a specific stakeholder workshop
or meeting. The oftenimplicit focus on effect isevident in health
careresearch, making it difficult for innovative design processes
to get sensible insight into the design rationales of others.

Another observation was that many innovationsin theincluded
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
paperswere 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 thisreview, we saw that boundary objectsin hedlth 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 abridging function between different
sociocultural sites and thus have a social focus, thefocusin 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 findingsin thisreview, 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 amodel for young professionals. As
countries try to achieve universal health coverage (UHC), quality delivery of health servicesis crucial. CRC health care is an
initiative around the need to provide quality care servicesto 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 “Isit possible for health professional s, health managers,
administrators, and policy makersto incorporateit into their activity while designing strategiesthat could improve the humanistic
and holistic approach to health care provision?’ The studieswere 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. Discrepancieswere resolved by discussion, or thethird reviewer made the decision. Findingsfrom
the existing literature were presented using thematic analysis.

Results. A total of 1193 potentially relevant studies were generated from theinitial search, and 20 studies were included in the
final review. From thisreview, weidentified 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 thereislimited 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-servicetraining, pre-service training, monitoring and eval uation,
community engagement, workload division, and performance appraisal.

(JMIR Hum Factors 2022;9(1):€30804) doi:10.2196/30804
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Introduction

Background

Compassionate, respectful, and caring (CRC) health care
delivery isan essential element for health workforcesthat builds
a positive environment and intimacy among heath 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]. Universa
health coverage (UHC) is realized when everyone has access
to quality essentia health care services with financial risk
protection [2,3]. However, each year, amost half of theworld'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 crucia 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 realizethis
vision, intensive effort by leaders and health managers at all
levels of the health sector [12,13] aswell 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 persona beliefs, values, interests, and
problems, is thus central [12,15].

Even though alot has been done globally to improve the health
status of the population, it is still failing at a fundamental level
[16-18]. The qualitiesof caring, respect, and compassion, which
formthe basis of care ddlivery and the human aspectsthat define
it, have been replaced by a primary focus on pathways, tasks,
and documentation [12,19].

Hence, thisreview aimed to assess CRC practicesin 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, challengesto implementing CRC health services
persist and reflect large disparities across geographic areas and
population groups [20-22]. Little is known about the status of

https://humanfactors.jmir.org/2022/1/€30804
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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 aCRC implementation strategy. In addition,
thisreview of the literature aimed to identify the possible health
care practicesresearch areasthat 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. Thisreview was
conducted following the PRISMA-ScR (Preferred Reporting
Itemsfor Systematic reviews and Meta-Analyses extension for
Scoping Reviews) checklist, and it was guided by JoannaBriggs
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 compassi onate OR concern)
OR empathy) ORkindness) 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))” .

Toidentify 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 Socia Science &
Humanities).

Scoping Review Research Question

We used a population, concept, and context (PCC) framework
developed by the JBI to determinethe eligibility of our primary
research question. The primary research question for thisscoping
review was. “What is the current status of CRC hesalth 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
humani stic and holistic approach to health care provision?’ This
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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.

Criteria Elements

P: participants All categories of health professionalsinvolved in health service delivery in al levels of public, private, or other sectors of
health care

C: concept Studies that explored compassionate, respectful, and caring behaviors by health professionalsin different formswereincluded.
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: context All countriesin the world

Study Selection Criteria

Textbox 1 outlines the inclusion and exclusion criteria for the
scoping review.

Textbox 1. Inclusion and exclusion criteriafor the scoping review.

Inclusion criteria

«  Focuson hedlth care providers or health professionals

«  Report on health care practices or any health care services provided to any community

o Published from 2014 to September 2020
«  Qualitative and quantitative studies

Exclusion criteria

«  Publication in anon-English language

«  Studiesfor which afull-text article could not be obtained (ie, studies with no full-text were excluded after repeatedly contacting the authors)

Data Extraction and M anagement

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 serviceswith 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.
Thelevel of agreement between the 2 reviewers was measured
using the Cohen kappa level of agreement [25]. The 2 authors
resolved disagreements by discussion, consulting athird 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
2review authors (AN and DAA). A disagreement regarding the
decision against theinclusion 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.

https://humanfactors.jmir.org/2022/1/€30804

Data Analysis

The methodological framework for the scoping review was
supposed to present our narrative account of findingsin 2 ways
[24]; firgt, 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) facilitatorsfor 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 papersbased on thereview of title (n=213)

JMIR Hum Factors 2022 | vol. 9| iss. 1 [e30804 | p.141
(page number not for citation purposes)


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

JMIR HUMAN FACTORS

and abstract (n=50). Overal, 76 studiesweredigiblefor 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).

Nigusieet d

Based on theinclusion criteria, 20 studieswereincluded 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].

Figurel. Flow diagram for the scoping review process adapted from the PRISMA (Preferred Reporting Itemsfor Systematic reviews and M eta-Analyses)

statement. CRC: compassionate, respectful, and caring.
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Of the studies included in this review, 3 addressed respectful
care from the perspective of both health careworkersand 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 acommon 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 Nigeriashowed that 93.2% of the respondents had experience
with at least oneform 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

https://humanfactors.jmir.org/2022/1/€30804

RenderX

Development and evaluation of
a patient-centered
measurement tool (n=10)

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 caredelivery
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 wused 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

Nigusieet d

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 studiesincluded 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 studiesincluded in the scoping review of compassionate, respectful, and caring (CRC) health care delivery (2014 to 2020).

Variable Results, n (%)
Per spectives

Health professional 10 (50)

Client 7(35)

Both 3(15)
Publication

Origind article 18 (90)

Expert review 2(10)

Themesin 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 I mplementation

Compassionate careis 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 careis
provided for any individual who isin need of the servicesin a
good, compassionate manner for al agesand 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,
accessto care, information access, patient empowerment, family
and friend involvement, emotional support, and continuity of
care[46]. Thisreview showed that patients experienced at |east
one form of disrespect and abuse during health care service
utilization [32,45].

https://humanfactors.jmir.org/2022/1/€30804

Facilitators for CRC Health Care Delivery

There were anumber of facilitatorsthat 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 careis provided for any individual who isin need of the
services and in a compassionate manner for al ages and al
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 skillsand 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 skillsto carefor 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 textbooksis
recommended, and nurses should receive in-service education
in thisregard [39]. The status of compassionate and respectful
maternity care and associated factors in health facility—based
childbirth wasidentified, and the resultsindicated 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 heath care delivery services, hedth 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
isneeded 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
professional s 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
carethat pregnant and laboring women receiveisvery 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
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lesscommon 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,
accessto 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 clientsin the decision-making process
and conducting appropriate educational processes and training
for health workers was significant for meeting the needs of the
clients[33].

Barriersto CRC Health Care Délivery

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 barriersto 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
inreferral centers[27,28,30,41]. From theclients’ 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, aswell asdenial 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].

JMIR Hum Factors 2022 | vol. 9| iss. 1 [e30804 | p.144
(page number not for citation purposes)


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

JMIR HUMAN FACTORS

Per spectives 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 thisreview, health care
providers and clientswere 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
professionalsin ahigher educational program from which health
professionalswill graduateisthe 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 asbeing
acompetent 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 abusein health care and theimpact 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, acompassionate 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 hedlth facility for different health care
services stated that compassion and respectful health care
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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 patientswere morelikely 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 hedlth 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 Ethiopiainitiated the
design of a5-year Compassi onate, Respectful and Caring Health
Services Implementation Strategy as one of the national top
priorities set under the health sector transformation plan [12].
In thisreview, 90% (18/20) of all articles were published in the
last 5 years, suggesting that patients or clients and health
professionalsincreasingly 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 adisease, and listening
attentively were elements of compassionate care with the highest
rating [26,27].

CRC heslth 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 patientsin referral centers werethe main
challenges observed for respectful health care delivery [29].

Disrespectful and abusive practiceswere witnessed asaviolation
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 careisaset 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 aremarkable 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 overal health care services and improves health care
provision because both clients and health care providers feel
respected, listened to, and empowered [50,51].

CRC hedlth care delivery is essentia 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 isin
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 normin
health care delivery. Similarly, across-sectional study conducted
in Ethiopiaon 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

Acknowledgments

Nigusieet d

provider [42]. On the other hand, there are some barriersfor 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.

Strengthsand 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 al 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
areincreasingly 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, thereis alack 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 preferencesisrequired 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 factorsinto cohesive themes and present anarrative synthesis of factorsrelated to willingness
to share health information.

Methods: Thisreview uses arapid review methodology to gather literature regarding willingness to share health information
within the context of eHealth, which includes el ectronic 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 revea ed 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
disparitiesin populations[2]. Thisisdone by applying emerging
methodologies in epidemiology, biostatistics, and computing
systems, including machinelearning 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, medica
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 sourcesto formulate
disease risk models for use at the point-of-care level and to
inform precision policy [5]. Further, eHedth data are
increasingly available and provideintegrated 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)
individual s sharing health datawith 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
isat the center of thisinformation 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

https://humanfactors.jmir.org/2022/1/€20702

thetheory of planned behavior, as posited by Madden et al [10].
Thistheoretical framework outlinesthat 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 individua 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 surveysand eHealth information platforms can provide
excellent opportunitiesto collect health information for research
and surveillance but can only be done if they are shared by the
individual s being questioned. Previous studies have reported a
high proportion of participants willing to share their health
information for multiple purposes (careimprovement, 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 el ectronic health records (EHRS) or persona
health records. However, sharing of health information is
nuanced by theinfluence of multiplefactors, which caninclude
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. Thisrapid review offers
an aternative form of knowledge synthesis compared with
systematic review, where the process of review conduction is
simplified and result synthesis can be done in atimely 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 arapid review isan essential
first step in the understanding and conceptuaization 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 thisreview 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 aso identified using Google
Scholar. The search keywordsincluded el ectronic 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 participantsaged =18 yearswithinthe 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
recordsfrom thetitle 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

Thefinal record listed wasimported to NVivo (version 12; QSR
International) for data abstraction, which was done by asingle

Figure 1. Study flow diagram.

Naeem et al

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
synthesison factorsrelated to health information sharing in this

report.

Results

Overview

The search was completed in October 2019. Initidly, atotal 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 articleswere screened
for relevance, of which 26 (60%) met the inclusion criteriaand
were analyzed for thisreview (Figure 1). The included studies
in this paper reported on various populations using different
methodol ogies. Thisincluded 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.

Additional records

Records identified through
Medline

identified through Google

Scholar

(n=1707)

(n=11)

}

}

P (
Records after duplicates removed and title and abstract screened Records excluded
(n=1607)
(0= 1650)
j j
l /Full-text articles exchuded,
4 with reason (n=15)
Full-text assessed for eligibility
— *  Papers not reporting
(n=43) patient factors related
S/ to sharing information
l (u=6)
*  Papers not from
4 Canada or the United
Studies included in qualitative synthesis States (n=9)
*  Papers not discussing
(n=26) health records (n=2) /
J/
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Table 1. Summary of literature reviewed.
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Study Study type  Objective Population Sample Hedlthin-  Factorsdiscussedinfluencing Major findings
size, N formation  health data sharing
format dis-
cussed
General adult population surveys
Anderson Cross-sec-  Consumerwilling-  Adult publicof 1089 PHR2 «  Stakeholder useof health  Contextual factors
andAgar- tional survey nesstoprovide  the United States information related to the request-
wal [16] access to patient o  Outcomesof hedthinfor- ing stakeholder and
health informa- mation the purpose of infor-
tion to inform « Incentivesto sharing mation being request-
changesto policy health information ed influence patient
trust on willingness
to provide health in-
formation.
Caineand Cross-sec-  Asurveytounder- Adult publicre- 30 EMR o  Stakeholder useof hedth Participants were
Hanania tiona survey stand patient celving hedth information found to have prefer-
[7] preferencesin careinthe United « Healthinformationtype encesin type and
sharing EMR? ~ States and amount amount of healthin-
o  Patientengagementwith formation shared as
health information afunction of request-
o  Patient concernwithdata ing stakeholders.
security and privacy
«  Pdtient control over data
Gaylinet Cross-sec-  To understand General adult 1014 EMR « Incomeand willingness The overal public
a [17] tional inter-  public attitudes ~ population of the to share health informa-  view of using EMRs
views regarding EMRs  United States tion in health care deliv-
o  Ethnicity and willing-  ery are positive, and
nessto sharehedthinfor-  participantswho had
mation previous experience
«  Patients concern with ;’I"l'(gl‘y'-{; 3;2 chzjre
data privacy and security adopt EMRs.
Cocosila Cross-sec-  To understand Adult publicin 772 PHR «  Stakeholder useof heath  Participantswith and
and tional survey the consumer Canada information without major illness
Archer motivations to « Modeof accesstohealth are morelikely to
[18] implement the information adopt and share
used of PHRs by « Ageandwillingnessto  electronic PHRsif
understanding in- sharehealthinformation they perceiveit as
dividual barriers «  EngagementwithITand useful and anadvan-
and motivators interest in PHR tage to themselves.
»  Patient engagement with Perceptions of data
health information security, privacy,
«  Patient concernwithdata and trust are also
privacy and security important.
Hasnain- Qudlitative  To understand Health plan 54 Hedth-ree «  Ethnicity and willing-  Virtualy no partici-
Wynia et healthplanmem- membersin the lated infor- nessto share healthinfor-  pants in the study
al [19] bers perceptions  United States mation mation had problem with
of the collection o  Patientengagement with discussing primary
race, ethnicity, health information language, but partici-
and primary lan- o Outcomeof heathinfor- pantshad issues
guage data mation with sharinginforma-

tion regarding their
ethnicity and race.
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Study Study type  Objective Population Sample Hedthin-  Factorsdiscussed influencing Major findings
size, N formation  health data sharing
format dis-
cussed
Donovan- Cross-sec-  Toexplorefac-  General adult 254 Hedth-ree «  Typeand amount of Hedlth literacy and
Kickenet tiona survey torsrelated to population of the lated infor- health information the comprehensible
al [20] health literacy in  United States mation shared nature of consent
the comprehen- documentsfor health
sion and assess- research affect partic-
ment of medical ipation, especially
disclosure and with participant en-
consent forms gagement with medi-
cal disclosure and
consent documents.
Kimeta Crosssec-  Tounderstand General adult 800 EHRY «  Typeand amount of Individual experi-
[12] tional survey consumer charac-  population of the health information ences and attitudes
teristics, atti- United States shared toward sharing of
tudes, and beliefs o  Stakeholder useof hedth EHRSsneedsto be
regarding consent information considered when us-
to sharing o Patienttrustinre ing EHRs for re-
eHealth data for searchers search.
health care and o  Health information for
research purposes research
« Ageandwillingnessto
share health information
«  Patient understanding of
how data are used
«  Patient control over data
o Patient concernwith data
security and privacy
Pickard  Crosssec-  Toexplorecon-  Genera popula- 128 Hedlth-re- « Hedthinformationtype Authorsproposethat
and Swan tional survey sumer attitudes  tion of the United lated infor- and amount health information
[21] toward sharing States mation o Stekeholder useof hedth sharing can bein-
health informa- information creased with trust,
tion for research o  Patientunderstanding of motivation, commu-
purposes how data are used nity, and informed
« Hedthdataand manage- consent.
ment of disease
«  Patient engagement with
other patients
«  Encouragement to share
by stakeholders
«  Patient control over data
«  Patient concernwith data
security and privacy
Medford- Cross-sec-  To understand Genera popula- 1017 EHR « Healthinformation type Most participants of
Daviset  tional survey patientacceptabil- tion of the United and amount the study arein fa-
a [13] ity and benefitto States « Hedthinformationfor  yor of HIES but
sharing, consent research would like more
to sharing, and «  Patientunderstanding of  ~ontrol of their
benefit of health how data are used health information
records «  Outcomeof heathinfor- through consent.
mation use Primary concerns
«  Patient control over data \yith sharing health
. Patient concernwithse- informationincludes
curity and privacy concernswn_h priva-
cy and security.
Spooner  Cross-sec- General adult 3677 Hedth-ree «  Modeof accesstohealth Participants of this
etal [22] tional survey population of the lated infor- information study havehighinter-
United States mation o Stakeholder useof hedth est but low preva-
information lence of HIE elec-

« Ageandwillingnessto
share health information

tronically.
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Study Study type  Objective Population Sample Hedthin-  Factorsdiscussed influencing Major findings
size, N formation  health data sharing
format dis-
cussed
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
Weitz- Cross-sec-  Toinvestigatethe General popula- 181 EHR «  Typeand amount of High levels of will-
maneta tiona sur- willingness to tion of the United health information ingness were found
[23] vey+qudita- shareinformation States shared in participantsin
tive contained in an « Healthinformationfor  sharing EHRswith
EHR for usein research public health for the
public health «  Patientunderstanding of purposes of disease
monitoring and how data are used monitoring, evalua-
research «  Patient control over data tion, and needs as-

sessment, as guided
by themes of altru-
ismand pragmatism.

«  Patient concernwith data
privacy and security

Patient population or hospital presenting population—survey
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Study Study type  Objective Population Sample Hedthin-  Factorsdiscussed influencing Major findings
size, N formation  health data sharing
format dis-
cussed
Bartlettet Cross-sec-  To determinethe Attendees of 474 eHedlthda- Ageand willingnessto  Peatientsin family
al [24] tiona survey factorsthatim-  family medicine ta sharehedthinformation medicineclinicsare
act famil clinicsin Canada . . morelikely to refuse
ﬁ1edi cine ga- Health information for to contri bl)J/te their
tients' decision to research deidentified eHealth
alow their datafor research
eHealth datato purposes. Relevance
be used for re- of theresearchtothe
search purposes patient was an im-
pacting factor.
Brownet Survey A survey study to  Adult ICU pa- 2205 eHedlthda- Stakeholder useof health  Current and poten-
al [25] understand the tients and family ta information tial ICU patients
desirability and  in the United Mode of accessto health  support thefeasibili-
functionality of a States information ty and effectiveinfor-
communication Ageand willingnessto  mation sharing facil-
portal in an 1cuf sha_re health informati on @tated by_an eHealth
Patient engagement with  information portal.
health information Such a portal would
help in providing
clinical updates,
documentation of
family meetings, and
information regard-
ing health care staff
roles.
Garrido  Retrospec-  Toinvestigatethe Adult members 1,764,121 PHR Ethnicity and willing- Racial groups of
etal [26] tiveobserva- impact of race of health care nesstosharehedthinfor- color werelesslike-
tional study and ethnicity on  network in the mation ly to register for
PHR registration  United States PHRswhen control-
along with other ling for other fac-
factors tors.
Gerber et Retrospec-  To understand Patentswithina 6495 EMR Patient engagement with  Oncology patients
a [27] tiveobserva-  the prevalence cancer center IT readily adopt theuse
tional study  and patterns of who had access Ethnicity and willing- of EMRs. Explanato-
PHR within an to a secure web- nesstosharehedthinfor- ry factors are the
oncology popula-  based portal with mation greater health care
tion their PHR in the need by these pa-
United States tientsleadsto in-
creased portal use.
Kerathet Cross-sec-  Tounderstandat- Long lsland 1041 Genomic Health information type Most participants
al [28] tional survey titudesrelatedto health system pa- data and amount werewillingto share
the collection, tients and their Patient trust in research  health information,
storing, and con-  families Stakeholder requesting ~ where limitations to
sent toward use health information sharing were related
of genetic infor- Age and willingnessto  to data privacy and
mation for re- sharehealthinformation consent procedures,
search purposes Patient understanding of  along with impor-
how data are used tance of the studies
Previousinteractionwith  being conducted.
IT
Patient concern with data
security and privacy
Padrezet Cross-sec-  To explore the Adult Facebook 1433 EMR Previous engagement
al [29] tiona survey feasibility and or Twitter users with IT
data availability ~ who presented to
to linking pa- an emergency de-
tient’'ssocial me-  partment

dia content with
their EMR data
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sona hedthinfor-
mation stored and
shared electroni-
cally and what
factorsinfluence
their willingness
to share

nessto share hedthinfor-

mation

Study Study type  Objective Population Sample Hedthin-  Factorsdiscussed influencing Major findings
size, N formation  health data sharing
format dis-
cussed
Most individuals
presenting to an
emergency depart-
ment that used social
media consented to
sharing and provid-
ing accesstointegrat-
ed information of
their social media
and EMR. The study
presentsadiscussion
on possible data
repositoriesthat link
cross-platform data.
Patel etal Cross-sec-  Toexplorecon-  Adult population 214 PHR «  Typeand amount of Over half of partici-
[30] tional survey sumer attitudes  presenting to an health information pants supported use
and support for  emergency and shared of PHRs by them-
physicianuseof  ambulatory care «  Stakeholder useof hedlth selvesand their
HIE within a sites information health care
low-income, eth- « Healthinformationfor  providers. Potential
nicaly diverse research benefits of healthin-
community « Ageandwillingnessto  formationinfluences
share healthinformation sharing.
«  Health data and disease
management
o Outcomesof healthinfor-
mation use
«  Patient concernwith data
security and privacy
«  Patient control over
health data
Pedersen Cross-sec-  To understand Patientsof an STI 1004 EHR «  Typeand amount of One-third of partici-
etal [31] tiona survey the acceptability clinicin Canada health information pants reported that
of EHRsinan «  Stakeholder useof health they were not com-
sT19 clinic and information fortablewith sharing
itsimpact on in- « Ageandwillingnessto  their healthinforma-
tention to be share healthinformation  tion and are less
screened for STI «  Patient concernwith data lcllll(ﬁl)é touse STI
security and privacy '
Seltzeret Cross-sec-  Toexplorepartic- Adult population 206 Hedth-ree «  Typeand amount of Participants of the
al 8] tional survey ipantswillingness presenting to an lated infor- health information survey use avariety
to share data, un- emergency depart- mation shared of modalitiesto gen-
derstand data ment in the Unit- o Hedlthinformationfor  erate data. Willing-
content, and pref-  ed States research ness to share health
erencesrelated to o  Patientunderstanding of information for re-
sharing that data how data are used search increases for
. . health-related in-
«  Patient concern with se- sights.
curity and privacy
Teixeira  Cross-sec-  Toexploreatti-  Patients present- 93 PHR o  Stakeholder useof health Resultsindicate pa-
etal [32] tiona survey tudesof patients ingtoanHIV information tients have ahigh
with HIV about  clinicinthe Unit- - - trust intheir primary
having their per-  ed States Ethnicity and willing- care provider and

HIV care teams and
arewilling to share
information with
these persons.
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Study Study type  Objective Population Sample Hedthin-  Factorsdiscussed influencing Major findings
size, N formation  health data sharing
format dis-
cussed
Weitz- Cross-sec-  Toinvestigate at- Patients or 261 EHR «  Typeand amount of The study found
maneta tiona survey titudesand prac- guardians who health information moderate levels of
[33] ticesrelated to used EHRsina shared willingness to share
sharing healthin-  hospital patient «  Stakeholder useof hedth e ectronically stored
formation from  portal system information health information.
an EHR to sup- « Ageandwillingnessto  Participants are
port patient care sharehealthinformation more likely to share
and public health «  Patient understanding of with public health
monitoring how data are used authorities than are
o Interestin PHRs other stakeholders.
«  Patient engagement with
health information
«  Patient control over data
Patient population or hospital presenting population—qualitative
Courtney Qualitative  To understand Adultsaged =65 14 Smart- « Ageandwillingnessto  Senior participants
(2008) concernsregard-  yearsin residen- phone I T sharehealthinformation of thisstudy indicate
[34] ingwillingnessto tial carefacilities informa- «  Engagement with other  privacy asabarrier
adopt smartphone in the United tion collec- information sharersor  to the adoption of
IT insenior citi- States tion patients smartphone I T with-
zens . i in their homes; how-
. Pa_tl ent concern Wl_th data ever, their percep-
privacy and security tions of the useful-
ness of thetechnolo-
gy may beamitigat-
ing factor.
Fuji etal Qudlitative  To understand Adult patients 59 PHR « Hedthdataand manage- Patientswith type 2
(2015) thebarriersand  with type 2 dia- ment of disease diabetes experience
[35] facilitatorstosus-  betesin the Unit- « Hedthdataand manage- multiple benefits of
tained use of ed States ment of disease using PHRs, includ-
PHR in patients «  Patient concernwithdata ing disease manage-
with type 2 dia- privacy and security ment and facilitation

Other populations

betes in manag-
ing their disease

. Patient control over
health information

of behaviora
change. Sustained
PHR use can be
achieved viabuild-
ing strong patient-
provider relation-
ships.
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Study Study type  Objective Population Sample Hedthin-  Factorsdiscussed influencing Major findings
size, N formation  health data sharing
format dis-
cussed
Beyer, et Observation- To explorethe Rural community 60 GIS «  Community engagement This study found
al [36] al study implications of in the United with health information  that community inter-
having communi-  States . . actionwith GlSdata
ty engagement in - P e'?t concernwith data for cancer wasinfor-
theexploring and security mative and allowed
interpretation of participants to build
aGlS disease hypotheses and un-
mapping method- derst_andi ng of com-
ology for cancer munity heslth facili-
tating the ownership
of their health data.
Jamal et Qualitative  Tounderstandre- Adultswhocon- 30 Genomic .  Patienttrustinre- A complexinterplay
a [14] search participant  sented to genom- data searchers of perception of data
attitudestoward  ic sequencing « Healthinformation for  security and privacy,
confidentiality projectsin the research individual altruism,
and datasharing  United States «  Patient understanding of and situational col-
of genomicinfor- how data are used lection and use of
mation for re- «  Outcomesof hedthinfor- genomicinformation
search purposes mation influences informa-
«  Patient concernwithdata tion sharing.
security and privacy

. Patient control over data

3PHR: personal health record.

PEMR: dectronic medical record.

%I T: information technol ogy.

4EHR: dectronic health record.
®HIE: health information exchange.

flcu: intensive care unit.

9STI: sexually transmitted disease.
hGis: geographic information system.

Theinductive thematic coding process revealed multiplefactors
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
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thewillingnessto share health information were grouped under
the major theme sociodemographic factors. A similar process
wasfollowed for the remaining factors coded within theresearch
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:
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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 factorsthat
operate in an interrelated manner to influence the willingness
to share headth information. For example, the relationship
between age and willingness to share health information was
contested, as some studies reported that older people were more
comfortablewith sharing health information because of ahigher
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
especialy 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].

https://humanfactors.jmir.org/2022/1/€20702

Measures of social capital have an unclear association with
willingnessto share health information also. Some papers have
reported that higher education and incomeincrease willingness
to share health information and such individual s 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
beignored when understanding willingnessto 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].

Incentiveto Share Health I nfor mation

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
individualsto perform an action. For the purpose of thisanalysis,
the authors have considered incentives to be extrinsic (ie,
financial) and intrinsic motivators. This theme was primarily
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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 variousincentives 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]. Asindividuals 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 affectsthe socia 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]. Thisisespecially relevant to mHealth appsthat
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 morelikely to sharetheir
health information [14].

Previous Experience With I T

A total of 12 research articlesreported previous experience with
IT as a factor associated with willingness to share health
information. This theme was referenced by studies sampling
from al typesof populations, but especially so for survey studies
assessing both the general and patient or hospital presenting
populations. Respondentswho 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).
Researchersargued for improving internet access and computer
literacy as critical to increasing engagement and willingnessto
share health information, especially in adiverse population [37].

Type and Amount of Health I nformation

A tota 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, wherethey can control theinformation being shared, with
a primary concern being the confidentiality of their sensitive
information [31]. This may include differing sharing practices
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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
themewas reported by all types of populations assessed. Within
the growing trend of IT and the creation of large data
repositories, security and privacy are amajor concern for data
producers and are closely linked to the confidentiaity of
sensitive information, as discussed in the previous section.
Courtney [34] offersamultidimensional |ook into what privacy
and security means within the health data field and found that
patient mistrust results in withholding of health information.
Fuji et a [35] found that privacy existed at both persona 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 a [17]
discussed the opposite, where privacy concerns were more
important than sharing health information and its potential
benefitsto 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 socia media),
individuals may still be willing to share information regardless
of privacy and security concerns.

Stakeholder Requesting Health Infor mation

Willingness to share health information is aso 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 participantswere 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 especialy 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 purposesif they knew that it would benefit themselves
or the public in some way [14].
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Outcome of Health | nformation 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 theroletheir health information
had to play was important for sharing health information, as
established trust was an important determinant of information
sharing. Hasnain-Wyniaet al [19] found that 90% of their study
participants needed to know who was using their health
information and for what purpose. Patel et a [37] found that
individualswho 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 decisionstogether
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

Figure 3. Dimensions of trust during the sharing process.
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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 isimportant, which was especially true
if the ingtitutions 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

https://humanfactors.jmir.org/2022/1/€20702

Naeem et al

information and synthesi ze them into cohesive themes. Through
the review process, atotal of 7 major themes were discovered
that explored the different aspects of the process of sharing
information. Thisincluded 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 iscomplicated, and often a philosophical
concept, but is generally defined as imparting authority to
another and accepting the vulnerability associated with that,
given that aset of expectationsare 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 intellectua 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
willingnessto 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 multiplelevels: (1) community level, (2) individual
level, and (3) process level (Figure 3).

Willingness to share

‘ health information

|

Health research
engagement

perspectives [39]. Further, the relatively less willingness to
share health information that is sensitive in nature may be a
universal aspect of sharing for al participants, but the
compounding of historical research practices, mutual
stereotypes, and differences in cultures and ethnicity can
influencetrust 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 shareinformation. 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 barriersand 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 fed safe in
sharing their health information. These factors evidently
constitute amajor decision-making aspect for participantswhen
sharing health information. Thesefactorsinclude (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 themesin 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, ashealth information
isat timesthe most intimate, personal, and sensitiveinformation
that is maintained by the individual. Within most jurisdictions,
privacy laws alow 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 usualy
characterized by an agreement between the individuals and the
stakehol der requesting theinformation [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 EHRswhen privacy and security
concerns were addressed [40,41].

Privacy and security of the dataare closely linked to the outcome
of that data, the stakeholder requesting the health information,
and the type and amount of information shared. Participantsare
more likely to share their information if they feel they can have
granular control over their shared data, which isaso aform 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 fed safer in the sharing process.
Participants also feel safe when they know the information is
being used for itsintended purpose, whichisalso communicated
to them. For example, studies have shown the sociocultural
aspectsof collecting genetic information, which can be harmful
or beneficid 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 psychosocia expectation of benefit and trust
from the physicians[43]. Having that interpersonal relationship
built on the basis of day-to-day trust may be animportant aspect
to creating a space where health information sharing can occur.
The lack of sharing of participants to other stakeholders,
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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 arolein 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
astudy’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 migrantswho may have differing needswhen
it comesto ease of information sharing, where older-generation
participants may requiretrandation servicesor adifferent 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]. Thisis 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 theinstitutional 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 thereisagreat 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 trand ation), 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
theindividualsand their experiencesis essential throughout the
information-sharing processto devel op 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 away
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 guidelinesfor collecting
health information can not only benefit stakeholdersinterested
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
financia 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

Thisreview islimited by its rapid review methodol ogy, which
fails to conduct a broader search of the literature and critically
analyze theincluded studies. For example, thisreview contains
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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 ng 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 aso
influence the results by the inclusion of more viewpoints and
more possible factors that influence willingness to share.
However, the study findsits strengthsin 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 studiesfocusing on health information
exchange in populations facing health disparities are warranted
to expand the field.

Conclusions

Thisreview provided aconcisereport on factors associated with
willingnessto 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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