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Abstract

Background: Although eHealth technology makes it possible to improve the management of complex health care systems and
follow up on chronic patients, it is not without challenges, thus requiring the development of efficient programs and graphic user
interface (GUI) features. Similar information technology tools are crucial, as health care populations are going to have to endure
social distancing measures in the forthcoming months and years.

Objective: This study aims to provide adequate and personalized support to complex health care populations by developing a
specific web-based mobile app. The app is designed around the patient and adapted to specific groups, for example, people with
complex or rare diseases, autism, or disabilities (especially among children) as well as Alzheimer or senile dementia. The app’s
core featuresinclude the collection, labeling, analysis, and sorting of clinical data. Furthermore, it authorizes anetwork of people
around the patient to securely access the data contained in his or her electronic health record.

Methods: The application was designed according to the paradigms of patient-centered care and user-centered design (UCD).
It considersthe patient as the main empowered and motivating factor in the management of hisor her well-being. |mplementation
was informed through a family needs and technology perception assessment. We used 3 interdisciplinary focus groups and 2
assessment surveys to study the contexts of app use, subpopulation management, and preferred functions. Finally, we devel oped
an observational study involving 116 enrolled patients and 253 system users, followed by 2 feedback surveys to evaluate the
performance and impact of the app.

Results: In the validated general GUI, we developed 10 user profiles with different privacy settings. We tested 81 functions
and studied a modular structure based on disease or medical area. This allowed us to identify replicable methods to be applied
to module design. The observational study not only showed good family and community engagement but also revealed some
limitations that need to be addressed. In total, 42 of 51 (82%) patients described themselves as satisfied or very satisfied. Health
care providers reported facilitated communication with colleagues and the need to support data quality.

Conclusions: The experimented solution addressed some of the health system challenges mentioned by the World Health
Organization: usability appearsto be significantly improved when the GUI is designed according to patients' UCD mental models
and when new media and medical literacy are promoted. This makes it possible to maximize the impact of eHealth products,
thereby overcoming some crucia gaps reported in the literature. Two main features seemed to have potential benefit compared
with other eHealth products. the modeling, within the app, of both the formal and informal health care support networks and the
modular structure allowing for comorbidity management, both of which require further implementation.
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Introduction

Background

The improvement in health services and the quality of health
treatment and social care has led to a significant increase in
survival (and quality of life) among adults and children with
chronic complex diseases and high health care needs [1].

According to the World Health Organization (WHO), over a
billion people have someform of disability, whereas 110 to 190
million adults have significant difficulty functioning. An
estimated 39% of the Italian population is affected by some
chronic disease, with increasing disability rates. Currently, more
than 3 million people in Italy are disabled. These patients are
characterized by multiple morbidities, requiring the use of a
range of services and atechnol ogy-enhanced care model [1-4].

eHealth may help such patients manage multiple clinical
encounters and large amounts of clinical information generated
from various sources. Indeed, patients report a highly frequent
use of information and communications technology (ICT) to
search for health information, communicate with health care
providers (HCPs), track medical information and medications,
and assist in decision making regarding treatment [5]. Notably,
patients attempt to use ICT tools for self-management, as they
expect to benefit from eHealth and enhance control over their
own disease [6].

Extant research suggests that eHealth tools supporting
patient-HCP interaction, patient self-management, and
HCP-HCP interactions (through electronic health record
integration) are of great benefit to patients[7,8]. These benefits
may increase further, as the COVID-19 crisis has triggered
additional demand for remote care model sand systems. Previous
studies have pointed out a number of critical issues concerning
complex health care populations, since these include different
subpopulations that pose specific medical and organizational
challenges for the design of public service provision. These
issues include the accurate assessment of the levels of services
and needs, implementation of services and resources tailored
to specific needs, coordination and integration of
family-centered care planning, promotion of health systems
based on patient or family self-management, and the redefinition
of models of multidisciplinary team care [5,9,10].

According to the 2012-2020 eHealth Action Plan, in 2011, the
Italian Public Administration promoted a high-communication
health care project and a citizen's Electronic Health Dossier
(Fascicolo Sanitario Elettronico) [8,11], but the project
encountered difficulties in getting under way and proved
difficult to implement. The few ongoing initiatives have not
received positive feedback from users dueto usability problems
and the low digital literacy of both HCPs and families [12].

http://humanfactors.jmir.org/2021/1/€18587/

Objectives

In this context, the ABILITAZ2 Project (Italian: Sviluppo di un
Applicativo per terminali moBILI dedicato a popolazioni ad
alTA complessita Assistenziale; English: Development of a
web-based Mobile Application for complex healthcare
populations) takes advantage of ICT and its eHealth
applications, exploiting the patient-centered care approach.
When addressing the abovementioned issues, it adapts the
service to different subpopulations, providing models that can
be replicated in the future [13].

To meet the requirement of interdisciplinarity, the ABILITA2
consortium includes a partnership between ICT companies
(Informapro Srl, Logica Informatica Srl, and Mediamed
Interactive Srl) and medical and research centers (Ospedale
Pediatrico Bambino Gesll - Rome and Consultorio Pediatrico
ASL Rieti) aswell as patient associationsrelated to the medical
areas of Alzheimer disease, autism, artificial nutrition, and rare
pediatric diseases.

The project’s general objective was to provide adequate and
personalized support to complex heath care populations by
developing a specific web-based app, Abilita, designed around
the patient and customizabl e for specific groups, notably people
with complex or rare diseases (eg, genetic syndromes, patients
requiring parenteral nutrition), autism or disabilities (especially
among children), and Alzheimer or senile dementia. The core
features of the app allow for the collection, labeling, analysis,
and sorting of clinical data. Furthermore, it authorizes anetwork
of people around the patient to securely access the data
contained in his or her electronic health record.

The study’s specific objectives are as follows:

+ Assess levels of service and patient needs, testing
assessment procedures and tools, especially for pediatric
and older adult groups who are less considered in the
eHealth market.

«  Promote patient self-management and co-responsibility as
the basis for a suitable and user-friendly web application.
The emphasis is on patient empowerment (understanding
of hisor her role, acquisition of sufficient knowledgeto be
ableto engage with HCPs, patient skills, and the avail ability
of afacilitating environment [14,15]).

« Enhance and innovate the coordination between
professionals and caregivers, specifically exploring the
potential of a collaborative network operating on the
patient’s behalf, which is built by the patient based on his
or her individual needs and institutional contacts.

« Make the most of a proximity support network, which
includes informal relationships with relatives, friends, and
key figures in the territory, which is a crucia health care
management factor [16,17].

Encourage families or communities to play an active role
and, at the same time, ensure quality of data, care, and
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assistance by using GUI modeling of proper actions per
profile according to the level of skill and motivation.
Assess the app’s performance and impact.

Methods

Assessment and Design Process

The project adopted a user-centered design (UCD) approachin
graphic user interfaces (GUIs) and considered users' point of
view and needs as central. The difference from other methods
is that UCD meets the needs and desires of users rather than
forcing them to change their behavior to meet the product
settings [18]. Since the designers considered the user to be the
patient (or parent/caregiver), an interdisciplinary analysis was
needed to assess needs and then model actions, logic paths,
guestions, and answers within the interface. To do so, clinical
and medical competence needs to be flanked by skills in
computer sciences and database management, communication
or new media sciences, psychology, and sociology [13]. The
study used a number of focus groups based on a genera
inductive approach. Theresults of these focus groupswerethen
further investigated through anonymous questionnaires [19].
The focus groups met monthly with 90- to 120-min sessionsto
analyze the different issues raised by the study.

Focus group A assessed patients' needs and scenarios of use.
It included patients (n=4), hedth care workers (n=2),
psychologists (n=1), researchers in communication sciences
(n=1), and software developers (n=1). All participants were part
of the project network and discussed the experience of patients
and caregivers with ICT products and possible scenarios using
the Abilita app. Finally, a web-based questionnaire (Q1) was
developed for the purpose of studying the main features, habits,
needs, and digital and medical literacy of patients and families.
Q1 was sent to a selected sample of patient associations
(presidents and expert membersin steering groups): Alzheimer
Uniti Roma ONLUS, Associazione Nazonale Genitori Soggetti
Autistici (ANGSA) Lazio Onlus, Associazione italiana sulla
nutrizione Artificiale Domiciliare “Un filo per la \Mta’

Associazione Prader Wi Lazio, Associazione Italiana delezione
cromosoma 22 Onlus. The 20 anonymous responses were
collected in June 2018; and the statistics of multiple-choice
items and summaries of open-answer items were contained in
aproject report in September 2018 [20,21].

Focus group B, consisting of HCPs (n=4), psychologists (n=1),
privacy officers (n=1), and software developers (n=2), was
devoted to the general GUI design. The outcomes of the
assessment of patient needs were translated into design
challenges. The discussion raised a number of research
guestions, including the problem of low HCP moativation or
time and the need to consider the patient as the main subject
motivated to use the app. It is also necessary to task the patient
or caregiver with data entry and updating health records and
adding user profilesto the app (to model both institutional and
informal patient support networks). Additional issues concerned
the powers of individual user profiles (reading or writing of
sections of the data set), the need to ensure health data quality,
even when not directly entered by HCPs, and to predict
real-world data entered by the patient and his or her proximity

http://humanfactors.jmir.org/2021/1/€18587/
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network. We used paper prototyping throughout the process
that led to the user requirements document delivered in
November 2018 for al identified user profiles (patient, parent
or tutor, caregiver, family member, doctor, nurse, structure
manager, social operator, temporary, and emergency).

In designing the health record, wetried to identify possible user
behaviors, which led to additional questions. what does a
particular popul ation require and how can theinterface structure
be customized for specific pathologies to meet patient needs
and coordination requirements? Data and pages are not equally
relevant for al subpopulations, and preferred content,
information, and functionalities differ across groups. In this
respect, the general GUI of Abilita could be made more powerful
by customizing content and database structure, with aview to
create GUIs for more specific medical areas (the Abilita
modul es).

Focus group C was set up to assess this potential. It included
presidents and steering group membersfrom patient associations
(n=4), psychologists (n=1), communication sciencesresearchers
(n=1), and software devel opers (n=1). The discussion addressed
the specific needs of the subpopulations involved in the study,
after which we administered a mandatory questionnaire (Q2)
to test the usefulness and effectiveness of feasible
implementations. Q2 was sent out through email to a selected
sample of national and regional patient associations; the 15
anonymous responses were then collected into a database
highlighting the main aspects or attention points for GUI
customization and the preferred functions that could be
identified.

Observational Study, Feedback, and Validation

After the development of the prototype, we performed an
observational study to evaluate its application in terms of its
functionality, versatility, responsivenessto patients or families
needs, user-friendliness, and rate of acceptance. We designed
the study in line with international Good Clinical Practice
criteria and obtained approval from the ethics committees of
the medica centers involved (document protocols
1589 OPBG_2018 and 2474/CE Laziol).

A total of 116 of the 130 (89.2%) patientsinvited to participate
in the study were included, asthey (or their families) possessed
the required computer skills. They were recruited in the Rome
area and in the Province of Rieti, a setting marked by a variety
of health needs and increased geographic isolation due to the
2016 earthquake. During the 6-month study period
(January-June 2019), the patients authorized additional user
profiles to access their data, namely 32 HCPs, 97 parents, 5
family members, and 3 caregivers, for atotal of 253 app users.

We then analyzed individual user accessesto explore the actual
use of the app. Frontal, telephone, and web-based tutoring
sessions helped the patient participants (or their parents if the
patient was aged under 16 years) to complete the registration
and browse the app upon uploading their personal data. In June
2019, we developed a voluntary web application feedback
guestionnaire for patients (Q3) with indicators for evaluating
usefulness or satisfaction, privacy, and security impact. We
identified usability and effectiveness, whiletask managerstested
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the app’s compliance with general recommendations and
technical functionality. A link to the questionnaire was sent by
email (we avoided multipleresponses by limiting survey access
to asingleinstance), and we received 51 anonymous responses
in July 2019; the statistics on multiple-choice items and
summaries of open-answer items were reported in a project
report in September 2019.

Table 1. Data collection processes.

research.

Ferrucci et d

In July 2019, we conducted 23 semistructured individual
interviews with 10 doctors and 13 nurses to explore the app’s
usefulness in the follow-up of chronic patients, its usability,
and other features of the HCP interface (questionnaire Q4).

Table 1 summarizes the different data collection stages of the

Data collection process Description Accessand recruitment criteria  Collected data and period Output

Focus group A 8 participants (4 members  Members of the project net- Eight 2-hour meetingsintheperiod, Definition of
of the patients' associations work, experienced intheman-  April-May 2018 main aspects and
or caregivers, 2 HCPs:, 1 agement of 5 medical areas attention points
software programmer, and (autism spectrum disorders, to be tested on a
1 psychologist); 1 facilitator 22011.2 deletion syndrome, larger sample of
(researcher in communica- Alzheimer disease, Prader-Willi respondents
tion sciences) syndrome, chronic intestinal through the ques-

Questionnaire Q1

Focus group B

Focus group C

Questionnaire Q2

Observational study

Questionnaire Q3

Questionnaire Q4

62 items mostly in amulti-
ple-choice format and with
partial adaptative question-
ing

8 participants (2 software
programmers, 2 doctors, 2
nurses, 1 psychologist, and
1 privacy officer); 1 facilita-
tor (researcher in communi-
cation sciences)

6 participants (4 members
of the patients’ associations,
1 software programmer, and
1 psychologist); 1 facilitator
(researcher in communica-
tion sciences)

7 items mostly in an open-
answer format

Use of the Abilita app in re-
al-world settings by patients,
families, HCPs, and commu-
nities

36 items mostly in amulti-
ple-choice format (16 de-
fined by aLikert scale
score) and with partia
adaptative questioning

17 items (16 defined by a
Likert scale scoreand 1
open-answer item)

failure)

A web questionnaire mandatory
for arestricted sample of nation-
al and regional patient associa-
tion members (closed mandato-
ry survey [21])

Members of the project net-
work, experienced in eHealth

and GUIP desi gn processes

Members of the project net-
work, experienced in the man-
agement of 5 medical areas
(autism spectrum disorders,
22011.2 deletion syndrome,
Alzheimer disease, Prader-Willi
syndrome, chronic intestinal
failure)

Text file sent by email to ase-
lected sample of national and
regional patient association
members (closed mandatory
survey [21])

We invited 130 patients of the
project medical centersto par-
ticipate (Provinces of Rome
and Rieti); 116 accepted thein-
vitation and were recruited

A web questionnaire; we invit-
ed the 116 patientsinvolved in
the observational study and ob-
tained 51 responses (closed
voluntary survey [21])

Face-to-faceinterviews; wein-
vited the 32 HCPsinvolved in
the observationa study; 23 ac-
cepted

20 anonymous responses collected
in May 2018

Fifteen 2-hour meetingsin the peri-
od, June-November 2018

Five 2-hour meetingsin the period,
December 2018-January 2019

15 anonymous responses collected
in January 2019

253 system users in the period Jan-
uary-June 2019 (116 patients, 32
HCPs, 97 parents, 5 other family
members, and 3 caregivers)

51 responses collected in July 2019

23 responses collected in July 2019

tionnaire Q1; def-
inition of scenar-
ios of use

Project report

User requirement
document for all

the identified us-
er profiles

Definition of
main aspects and
attention points
to betested on a
larger sample of
respondents
through the ques-
tionnaire Q2

Database with
main aspects and
attention points
for customization
of the GUI

Report on statis-
ticsof useinreal-
world settings ex-
ported by the sys-
tem administra-
tors

Project report

Project report

8HCP: hedlth care provider.
bGul: graphic user interface.
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Results

Assessment and Design Process

Q1 clarified the overall context of the study. The age at first
diagnosis for complex health care diseases ranged from0to 5
years for the majority of cases and from 65 to 80 yearsin the
remaining cases. All patients were not autonomous and had at
least one caregiver. Their digital skillswereat abasic or medium
level, with limited experience with the use of IT tools to
communicate with social and (private or public) health care
services. Patients or caregivers displayed significant awareness
of their medical areas. They were able to name the diagnosisin
technical terms, describe the main elements of the disorder or
disease (causes, severity, symptomatology, correlations with
other disorders, and risk factors), mention the pharmacol ogical
therapieswith precision, describe recommended daily trestments
and activities (diets, sport), and recognize changesin symptoms
(especially aspectsto be monitored and reported to health care
personnel). The most frequently used documentswere trestment
plans, reports of visitsor exams, and prescriptions. Most patients
reported to a health care unit devoted to their specific disorder
or disease and scheduled follow-up visits every 6 months on
average. In this context, potential clients believed that Abilita
could successfully respond to the following requirements:

- Provision of tools and resources to manage emergency
situations (average score of 8.2 on a0-10 scale, SD 1.6).

»  Collection and storage of health care documents and digital
contents (average score of 7.7 on a0-10 scale, SD 3.0).

+ Remote communication with authorized health care
personnel (average score of 7.6 on a0-10 scale, SD 2.1).

Ferrucci et d

- Support with monitoring activities (reminders of exams,
visits, self-measurements, etc; average score of 6.7 on a
0-10 scale, SD 2.8).

- Targeted information on recreational, informative, or socia
activities (average score of 6.1 on a0-10 scale, SD 2.3).

Focus group A identified the Online Help function as a central
tool for the app, asit served multiple goals: it accompanies the
user in browsing the sections even when he or she has low
digital or medical literacy, and it actsasan intermediary between
the different users operating within a patient’s personal folder.

Focus group B confirmed the main areas of the GUI (menu
items) as follows: Home page; Help; My data; My network;
Search; My story; Organizer; Notifications; Personal profile;
Info room; Emergency card. The Online Help, personalized as
afemale avatar named Lisa, interacts with the user by written
and/or audiovisual messages. The app also features a medical
glossary explaining technical termsand jargon. When usersfirst
access the app, Lisa provides advice and recommendations on
how to start, suggests the sections to be prioritized, and offers
easily accessible demos of app functions. In subsequent usage,
Lisa highlights unread notifications, scheduled appointments,
and missing information in the Emergency card when relevant
(Figure 1).

The my data areais the medical and administrative record and
comprises 2 sections: general outline and clinical data and
documents (Figure 2). The sections include importance or
severity labelsthat ensure the record’s organization and facilitate
access to the most relevant data. Key information on the type
of disease, therapy, particular care needs, and specific conditions
iseasily available. Thanksto the validation function, HCPs can
validate data entered by patients or caregivers.

Figure 1. Home page-shortcuts to the main areas and welcome or follow-up message from Lisa

| mibei dati

Francesca
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Figure2. Area“My data.”.

Quadro Generale

Aanamnesi (storia clinica)

Drati rilevandti (Preferiti)

Disgriosi rrsdichae

Area paico-educativa

Profilo sanitario sintetico (epicrisd)

Scheda Emergenza

In the area my network, the patient or the parent or legal tutor
can create a personalized collaborative network of care support
(eg, doctors, nurses, parents, friends, neighbors, domestic
helpers, babysitters and tutors, teachers, etc). Each member of
the network is assigned a separate profile with authorization to
accesssomeor al of the personal data. Furthermore, the patient
may authorize all health carefacilities, thereby enabling all HCP
personnel to read and update their medical records. The app
also makes available temporary or emergency authorization
facilities as well as the blanket withdrawal of all permissions.
Inthe search areg, it ispossibleto carry out simple or advanced
database searches sorted by data subject or by authorized person
(highly recommended by HCPs to facilitate access to relevant
information). My story hosts a personal diary where users can
noteclinical dataaswell asdaily experiences, relevant episodes

Figure 3. The design process.
Objectives

To promote self-management and co-
responsibility of the patient

To enhance the coordination between
different professionals and caregivers

To empower patients

To engage families/communities to play an
active role

To value the “proximity network,” including
informal relationships

To include real-world data

To increase usability and relevance of the
dataset

)

To adopt a disease-specific approach

GUI design - general choices

The Online Help Lisa

Patients, caregivers and
communities have also powers
to writefupdate the dataset

The network inside the
Application tends to mirror the
one in real-world contexts

Personal diary updatable by
patients, caregivers, families,
and communities

» The Abilita «modules»
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Dati clinici e documenti

Vizite Cliniche Altre Terapie

Esami Apparecchiature & Presidi
IntisrvEndi Chimurgici Waccini
Mrsurazion Allergie
Nutrizione Modedli e Certificani

Terapie Farmacologiche Altri Documenti

or therapeutic adherence (Multimedia Appendix 1). Actionsin
the app are always traceable, which allow reconstruction of the
author and the date of changes and data validation. Figure 3
summarizes the results of the design process, the relationship
between the design and objectives of the research (as discussed
in the focus groups) and privacy policy.

In keeping with the privacy policy, the patient isthe sole owner
and controller of his or her data and the only person able to
decide who may treat them and under what conditions, which
meets both General Data Protection Regulation requirements
and recommendati ons concerning patient empowerment [22,23].
All sensitive data and interactions between the client (web-based
application or emergency mobile app) and the server are
encrypted.

GUI design - specific choices

User profiles
with different
levels of
authorization

:: General data set |

Specific data sets

To ensure data quality even when not

directly entered by health care providers
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The results of focus group C confirm that the GUI’s disease
specificity crucially improves app usability and patient
engagement. The relevance of the data set and the perception
of utility by families and communities increases when the app
is customized based on the specific needs of a subpopulation.
In particular, we studied subpopulation management for the
following medical areas: autism spectrum disorders, 22q11.2
deletion syndrome, Alzheimer disease, Prader-Willi syndrome,
and chronic intestinal failure. The main gaps were centered
around the coordination of social and heath care services
(mostly during follow-up) aswell asfamily support. Asaresult,
the design of the Abilita modulesfor each medical areaincludes
specific GUI features. personalization of the content and
structure of the medical data set, contents of the info room
(information about the disease), and functions of the organizer
and notifications as well as recommendations and priority
highlightsfrom Lisa. More specifically, the study foregrounded
the following elements:

- Each subpopulation would like to have a personalized page
inthe clinical data subsection.

- Different diseases and ages need differentiated
administrative forms.

- The agenda and remind functions could be implemented
for specific situations and connected with local networks.

« Users consider it important that data for clinical research
at different levels be available.

« Users consider the latest disease-specific documents and
recommendations important, such as the Integrated Care
Pathway or best clinical practices.

Table 2. Statistics of use of the study population (N=116).

Ferrucci et d

Observational Study, Feedback, and Validation

Table 2 shows the characteristics of enrolled patients and
families aswell astheir average use of the Abilita app over the
last 4 to 6 months of study. These data were automatically
exported by the system administrators and reflect the actions
performed by userswithin the app, including demographic data
entered at registration.

Owing to the characteristics of theinvestigators (pediatricians),
most of the enrolled subjects were children or adolescents, in
which case the users of the app were mainly parents or family
members. HCPs authorized by patients or parents primarily
uploaded clinical data and documents. Patients performed
operations such as consultation with clinical data, loading of
missing clinical investigations, and writing of individual
day-to-day experiences. Each patient authorized an average of
approximately 2 personsto accesstheir data, who were usually
parents and family members, doctors, nurses, and psychologists.
By contrast, caregivers and school operators were considerably
lessinvolved. The 868 documents that were uploaded included
18 different subtypes, mainly reports of examinations and
clinical investigations. Approximately 35% of the data entries
were performed by the patients or their parents from the
beginning.

We tested 81 Abilita functions, which users could access with
different levels of authorization (Multimedia Appendix 2). Q3
involved 51 respondents. Table 3 shows the results of the
answers to questions 1 to 16, with average positive scores of
78% (4 or 5).

Parameters Participants
Males, n (%) 67 (57.8)
Age (years), n (%)

0-10 67 (57.8)

10-20 28 (24.1)

>20 21(18.1)
Accesses by patients (n=623), mean (SD) 54(2.3)
Authorizations by patients, n 207
Entered documents, n 868
Entered clinic visits, n 307
Entered exams, n 271
Entered diagnoses, n 155
Entered vaccines, n 348
Entered inputs on importance or severity, n 1040
Authorized parents, n 97
Other authorized family members, n 5
Authorized caregivers, n 3

32

Authorized HCPs? n

3HCP: health care provider.
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Table 3. Answersto questions 1-16, expressed in percentage of Likert scale scores.

Ferrucci et d

Question No.

Question

Scores, n (%)
lor2

4or5

10.

11.

12.

13.

14.

Is Abilita useful for the or-
derly archiving of medical
documents?

Is Abilita useful for the or-
derly archiving of docu-
ments concerning care and
assistance?

Is Abilita useful for remem-
bering the renewal of some
clinical evaluations?

Is Abilita useful to having
your medical history under
control everywhere?

Does Abilita allow you to
monitor some medical pa
rameters when recommend-

ed by the HCPs*?

Is Abilita useful for record-
ing daily self-measurements
(eg, blood pressure)?

Does Abilita allow you to
shareinformation on health-
care or psycho-educational
assistance with various pro-
fessionals?

Does Abilita allow you to
receiverelevant information
in a health emergency away
from home?

Does Abilita allow you to
share health information
with HCPswithout bringing
your complete medical chart
with you?

Does Abilita help you ad-
here to drug therapy regi-
mens (with reminders) and
track what hasactually been
taken?

Does Abilita help you re-
member which medical de-
vicesto buy or order?

Does Abilita help you re-
member administrative
deadlinesfor requesting dis-
ability statusor for other so-
cio-healthcare procedures?

Does Abilita help you to
find adocument in your
archive quickly using ad-
vanced search functions?

Does Abilita provide useful
information about bureau-
cratic aspects, scientific re-
search or treatments?

1(2)

2(4)

0(0)

1(2)

2(4)

10 (20)

3(6)

0(0)

0(0)

6 (12)

6(12)

5 (10)

3(6)

2(4)

6(12)

6(12)

10 (20)

2(4

7 (14)

9(18)

8 (16)

6 (12)

3(6)

10 (20)

14 (27)

13 (25)

8 (16)

14 (27)

44 (86)

43 (84)

41 (80)

48 (94)

42 (82)

32 (62)

40 (78)

45 (88)

48 (94)

35 (68)

31 (61)

33 (65)

40 (68)

35 (69)
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Question No. Question Scores, n (%)
lor2 3 4or5
15. Can Abilita support HCPsin 2 (4) 10 (20) 39 (76)
drawing up atreatment plan
and help you follow it?
16. Overal wereyou satisfied 1 (2) 8(16) 42 (82)
with thetrial run of Abilita?
8HCP: health care provider.
uestions 17 and 18 asked users about the areas they would : :
Q & Discussion

like to see enhanced: the answers covered all the areas
suggested, with no specific option prevailing significantly, and
the same appliesto what functions should beintegrated (question
18). Interestingly, the option ability to set preferred tabs or
activities to create shortcuts for most used functions obtained
37% (19/51) of the responses, suggesting that customization is
the best strategy. No relevant issues arose regarding privacy
and security (questions 19-20): 57% (29/51) of users had no
genera problems, 65% (33/51) had no problems entering and
classifying data, only 23% (12/51) had problems but overcame
them with the Lisa online help or with practice (questions
21-30).

Other open and unstructured optional questions(31-36) yielded
good feedback concerning the Lisa web-based help, with 47%
(24/51) suggesting further implementation of thistool. Patients
and caregiversurged informing family doctors and pediatricians
about the app to maximize dissemination. The answers on
scientific research and on PDTAs (diagnostic-therapeutic
assistance pathways) highlight Abilita’'s potential for data
collection subject to privacy consent, for reconstructing
analogies in groups of patients affected by the same disease or
disorder, and for patient associationsto pursuetheir institutional
gods. In addition, Abilita's effectiveness in facilitating
relationships or communication with HCPs and local facilities
was positively evaluated, preferably with the support of the
region. Furthermore, participants considered that the main
strengths of the project were knowledge of one's own medical
history with a click and the overall philosophy behind the app
(Multimedia Appendix 3).

Q4, which included 17 predefined questions and addressed 23
HCPs, produced average positive scores of 72% (4 or 5) in the
first 16 items defined by a Likert scale score (Multimedia
Appendix 4). In the last open-answer item, asking strengths or
weaknesses of the project, the following aspects were
highlighted:

-« The availability of reports and alerts facilitated
communication among HCPs and accelerated diagnostic
and care paths.

« Usersappreciated theinvolvement of patients or parentsin
the data entry of documents, lab results, and parameters,
although 6 respondents raised concern about quality.

« Overdl, 39% (9/23) of respondents encountered general
problemsin using Abilita, especially in thefirst weeks, and
asked that Online Help tools be implemented.

«  Users appreciated the importance or severity labels.

http://humanfactors.jmir.org/2021/1/€18587/

Principal Findings

The project used needs assessment to establish the contexts to
interface with, showing a prevalence of non-self-sufficient
patients—typically infants and older adults—diagnosed at an
average age of 0 to 5 or 65 to 80 years and mainly supported
by hedlth care units specifically devoted to the disorder or
disease, for whom follow-up visits are scheduled on average
every 6 months. Basic digital skills and good levels of medical
literacy of families were identified as starting points of the
design.

A sample of 116 patients participated in the observational study.
Each patient authorized an average of 1.8 personsto access his
or her data, typically parents and family members, doctors,
nurses, and psychologists, with the additional involvement of
the communities of other ingtitutions and informal environments,
for atotal of 253 system users. In approximately 35% of cases,
data entry was performed by the patients or their parents from
the beginning.

Questionnaire Q3 yielded positive patient feedback on the utility
of the app to address some health system challenges mentioned
as relevant by WHO [24] and on themes such as delayed
reporting of events (WHO challenge 1.2), communication
roadblocks, lack of access to information or data, insufficient
utilization of data and information (WHO challenges 1.4-1.6),
insufficient continuity of care, inadegquate supportive supervision
(WHO challenges 3.5-3.6), low adherence to treatments, and
loss of follow-up (WHO challenges 5.2-5.4).

We received no direct evidence on other challenges mentioned
by WHO, such as low health worker motivation (3.4),
geographicinaccessibility (5.2), insufficient patient engagement
(8.2), or absence of community feedback mechanisms (8.3).
Some useful indications do emerge in the interpretation of the
answers to the same questionnaire Q3. The app promoted
communication and team management among HCPs, health
care bodies, and families (question 34) and, in addition,
increased end user confidence in their own capacity to provide
up-to-date, readily searchable, and clear medical information
(question 36). According to answers to questions 33 and 35,
Abilita can contribute to scientific research and PDTA definition
(diagnosti c-therapeutic assistance pathways), thereby addressing
the lack of population denominator (challenge 1.1) —that is,
once used by alarger sample of patients in the same medical
area, it can become a tool for further assessment of
subpopulation management.
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The general choices of the GUI design revealed some
advantages:

- The GUI is designed around the patient, who is modeled
asthe main empowered and motivating actor of the actions
necessary to maintain and update the medical record.

« Usersare constantly supported by the Online Help (avatar
Lisa), thus addressing medical and digital literacy issues
and patient’s commitment in terms of his or her specific
role, the main problems that arise while using many ICT
products.

« Coordination and management needs can be modeled as
pathways and actions recommended by Lisawithin the app;
they are also addressed by targeted functions (search,
calendar, and notification areas).

« Real-world data can be traced and collected to then be
reused to advance research on the management of complex
chronic conditions.

The issue of data quality, indeed highlighted by 6 of the
respondents to the HCP survey, was addressed in the project
through the track changes and validation functions. It is worth
noting that patients and families areincreasingly being required
to participate in heath monitoring, through daily
self-measurement and recording of symptoms or in
guestionnaires, for diseases such as diabetes, and most recently
inthe COVID-19 pandemic [25,26]. eHealth market engagement
strategies—especially in  light of the new patient
co-responsibility paradigm—are based on flexibility and
customi zation, with auser-friendly design that makesit possible
to communicate with or forward information or data to HCPs
[27]. Inits adoption of these strategies, Abilitaisin linewith a
reframed rel ationship between active citizens and professionals
and is intended as a social innovator in the development of a
smart community model with the involvement of the proximity
network—the app’s core feature.

Although informal or territorial networks were not fully
exploited by the users during the observational study, as
suggested by the number of authorized user profiles (Table 2),
we can hypothesize that thiswasinfluenced by the study’s short
duration and the characteristics of the patientsinvolved, mainly
children and teenagers. Thelockdown period in Italy and Europe
revealed the need to innovate public health systems precisely
inthisdirection, linking them to local support networks (through
new professional figures such ascommunity nurses) and moving
toward an integrated vision of health care. The role of
volunteering and associations in providing support to
self-isolated and vulnerable persons has aso been highlighted
[28,29]. In this context, specific design choices may require
further refinement, considering, for example, the addition of
other user profiles such as territory medicine physician or
volunteer.

The modular structure of Abilita allows for the personalization
of data sets and functions. It aso facilitates far-sighted and
sustai nable investments owing to the partnership’s commercial
initiatives, which are aimed at devel oping new modules (optimal
feedback has already been received from relevant stakehol ders)
and intercepting specific target audiences interested in them.
Most importantly, this structure allows the patient to choose

http://humanfactors.jmir.org/2021/1/€18587/
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one or more application modules in the case of different
pathologies. In this way, Abilita has the added value of
comorbidity management that is crucial to complex health care
populations.

Usahility appears to be significantly improved when the GUI
isdesigned according to patients’ mental models and when new
media and medical literacy are promoted. Following this
principle, the assessment of specific subpopulation needs and
the devel opment of personalized GUIsfor specific medical areas
appears important. Procedures to assess patients needs were
successfully experimented and a replicable methodology was
defined.

Limitations

Thisanalysiswaslimited by the low number of enrolled subjects
and its short duration. Data collected during the study period
and answers to questionnaire Q3 refer mainly to pediatric
populations, more evidenceis needed about older adult patients
feedback. In fact, only one quarter of them were adults or
seniors, but the app was designed and particularly valid for
non—self-sufficient subjects, both children and older adults.

The strategy of modular implementation appears to be the best
one, but no module has yet been developed and tested. A
complete comparison with other available apps, mainly focused
on a single disease, will be relevant once the corresponding
modules are developed. Specific GUI design choices need to
be refined. Nevertheless, the study shows the versatility of this
approach for complex health care populations.

Conclusions

eHealth technol ogy allows better management of complex health
care aspects in the follow-up of chronic complex disease
patients, but trandating the UCD into GUI features of an eHealth
app is a difficult task. The decison to use patient
self-management and co-responsibility as the basis for an
eHealth information system seems to have been successful in
enhancing the probability of matching the needs of the target
population. Moreover, usability appears to be significantly
improved when the GUI isdesigned according to patients UCD
mental models and when new media and medical literacy are
promoted. Its potential applications in an era of greater
sociosanitary distancing are certainly of particular interest.

Possible lines of exploitation are as follows:

« Design and develop new Abilita modules dedicated to
specific clinical areas with particular care needs (not least
with automatic data download and information managed
by the patient’s clinical facility of reference).

« Make Abilita an integral part of the automatic distribution
of dataand dissemination of proceduresin the public sector
(The Italian National Health Care system is structured by
regional area, with disease-specific health care facilities
that may be very distant from users).

- Strengthen and expand Abilita and the patient association
network to share information and solutions to the various
problems faced by caregivers on adaily basis.

- Simplify usability as much as possible with the possible
introduction of voice command shortcuts.
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Abstract

Background: Smart technology use in rehabilitation is growing and can be used remotely to assist clients in self-monitoring
their performance. With written home exercise programs being the commonly prescribed form of rehabilitation after discharge,
mobile health technology coupled with task-oriented programs can enhance self-management of upper extremity training. In the
current study, arehabilitation system, namely mRehab, was designed that included a smartphone app and 3D-printed household
items such asmug, bowl, key, and doorknob embedded with a smartphone. The app interface allowed the user to select rehabilitation
activities and receive feedback on the number of activity repetitions completed, time to complete each activity, and quality of
movement.

Objective: This study aimed to assess the usability, perceived usefulness, and acceptance of the mRehab system by individuals
with stroke and identify the challenges experienced by them when using the system remotely in a home-based setting.

Methods: A mixed-methods approach was used with 11 individuals with chronic stroke. Following training, individuals with
stroke used the mRehab system for 6 weeks at home. Each participant completed surveys and engaged in a semistructured
interview. Participants qualitative reports regarding the usability of mRehab were integrated with their survey reports and
guantitative performance data.

Results:  Of the 11 participants, 10 rated the mRehab system between the 67.5th and 97.5th percentile on the System Usability
Scale, indicating their satisfaction with the usability of the system. Participants also provided high ratings of perceived usefulness
(mean 5.8, SD 0.9) and perceived ease of use (mean 5.3, SD 1.5) on a 7-point scale based on the Technology Acceptance Model.
Common themes reported by participants showed a positive response to mRehab with some suggestions for improvements.
Participants reported an interest in activities they perceived to be adequately challenging. Some participantsindicated a need for
customizing the feedback to be more interpretable. Overall, most participants indicated that they would like to continue using
the mRehab system at home.

Conclusions: Assessing usability in the lived environment over a prolonged duration of timeis essential to identify the match
between the system and users' needs and preferences. While mRehab was well accepted, further customization is desired for a
better fit with the end users.

Trial Registration: ClinicalTrials.gov NCT04363944; https://clinicaltrials.gov/ct2/show/NCT04363944

(JMIR Hum Factors 2021;8(1):€21312) doi:10.2196/21312
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Introduction

There are approximately 7 million survivors of stroke in the
United States[1]. Up to 60% have residual impairments, which
in turn could limit their performance of daily activities [2].
Whileindividualswith stroke are commonly given written home
programs when they are discharged from traditional therapies,
adherence to written home programs is poor [3]. Qualitative
analyses suggest low adherenceisrelated to finding the exercises
boring, receiving poor feedback during exercise performance,
and uncertainty in how to perform the exercises [3,4]. Maobile
health (mHealth) apps provide new options for long-term
rehabilitation. 1n 2018, 91% of adults over the age of 65 years
owned acell phone. Smartphone ownership hasincreased from
11%in 2011 to 53%in 2018 [5]. As of December 2017, almost
325,000 mHealth apps had been created [6]. However, only a
small number of mHealth apps has been specifically designed
for peoplewith disabilities, and an even smaller number of apps
has undergone accessibility evaluation with people with
disabilities [7,8]. Fully assessing usability is critical for the
effective and efficient use of mHealth interventions. User
feedback on mHealth interventions indicates not all mHealth
devices are easy to use[9,10], and this has the potential to limit
user adherence. A high dropout rate is one of the most
significant barriers to mHealth adoption [11,12]. The average
mHealth app costs US $425,000 to develop; however, 83% of
mHealth app publishers report a discouraging number of fewer
than 10,000 users who activate the app at least once a month

Figure 1. User transferring bowl with both hands.

https://humanfactors.jmir.org/2021/1/e21312

RenderX

[13]. By placing a more significant emphasis on usability for
consumers and stakeholders, iterative improvements can reduce
costs and enhance the long-term use and adoption of mHealth
interventions [14-16]. Thorough usability testing is critical for
the success of novel mHealth interventions.

In previous work, a portable system for home rehabilitation,
mRehab, was developed and reviewed by end usersin a 1-day
usability assessment and multiday assessment for consistency
in measurement [17]. The system consists of a smartphone and
3D-printed objects in the shapes of household items (a bowl,
mug, key, and doorknob; Figure 1). The 3D-printed objects
were combined with the smartphone for 10 activities [17,18].
For example, the 3D-printed bowl was designed to hold the
smartphone in a landscape orientation. The bowl depth was
shallow and had aridge along the top to allow the user to hold
it with both hands (Figure 1). The mug was designed to hold
the smartphone in an upright position. Security of the
smartphone was ensured by using a screw-top lid on the mug
(Figure 2). The mug had a cut-out window for the user to see
the smartphone screen during activities. Both left-handed and
right-handed mugs were designed. The key and doorknob had
similar designs with a pocket holder for the smartphone and
mechanical arm that swept across the screen as the object was
turned (Figure 3). Two activities, Phone Number and Quick
Tap, used the smartphone only and focused on fine motor
movements. A wooden box was designed to hold al mRehab
items and served as a mechanism to guide participants during
horizontal and vertical transfer activities of the bowl or the mug.
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Figure 2. User seeing feedback on the smartphone screen inside the mug.

Bhattacharjyaet al

Figure 3. User turning doorknob with a smartphone in the holder and the key with a holder.

A Google Nexus5 phonewas used during all mRehab activities.
We developed a mobile app that recorded movement-related
data (duration and smoothness). This custom app alowed
participants to select activities (Figure 4) and then record his
or her performance on the activities. Once participants selected
an activity, the app provided instructions to guide the user
through the activity. A printed manual with instructions was
also provided to each user [17]. Additionally, on completion of
an activity, the app provided visual feedback in the form of
performance scores on the number of repetitions completed,
average time to complete a repetition, and average smoothness
with which the repetition was completed (Figure 4). The app
also provided an auditory readout of the scores. Different from
existing technol ogy-based rehabilitation tools, mRehab provides
a set of realistic rehabiliaton activities mimicking activities of
daily living (ADLSs), utilizes a task-oriented approach that

https://humanfactors.jmir.org/2021/1/e21312

RenderX

focuses on function, and is client-centered. A detailed
description of each activity is found in a previous publication
[17]. Theapp also provided performance feedback allowing the
user to compare their current performance against their score
from the previous session. When the participant’s performance
(number of repetitions, average time, average smoothness or
accuracy) improved over the previous session, the specificicon
turned green (eg, average smoothnessin Figure 4) and made a
celebratory auditory toneto notify the participant they improved
[17]. The user could also view a graph that plotted his or her
scores from the prior 6 weeks. Previously, we reported on the
usability assessment of the previous prototype of mRehab and
modifications made that led to the current prototype. We also
reported on the consistency of the app measurement for each
activity using the current prototype [17].
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Figure4. App interface: activity selection and feedback pages.
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In this work, the usability assessment of the system was
conducted after amore robust usage of mRehab for 6 weeks at
home by 11 individuals with stroke. The examination of
usability, usefulness, and acceptance of mRehab holds
importance beyond developing this system. Lessons |learned
about the form and function of mRehab have broad application
to mHedth. The use of technology to support home
rehabilitation istimely asrecommendationsto stay home during
the COVID-19 pandemic are requiring modifications to health
care delivery.

Methods

Resear ch Design

We used a mixed-methods approach, which included
guantitative surveys to evaluate long-term usability and
perceived usefulness of mRehab, and evaluated the acceptance
of the mRehab system. Semistructured interviews with
participants were used to further elaborate on the strengths and
weaknesses of the mRehab system to better understand the
essential ingredients to develop a robust and user-friendly
system. The study was approved by the University at Buffalo
Institutional Review Board.

Participants

We used a convenience sampling approach to recruit 11
individual s with stroke from the Western New York region who

https://humanfactors.jmir.org/2021/1/e21312
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were (1) 18 years of age or older, (2) community dwelling, (3)
an independent ambulator, and (4) at least 6 months post stroke.
Participants were excluded if any of the following conditions
interfered with their participation: (1) cognitive impairment
indicated by score of 123 or lower on the Mattis Dementia Scale;
(2) acute or chronic pain that would interfere with participation
in the study (based upon participant’s self-evaluation); (3)
severely limited range of motion or contractures of the shoulder,
elbow, wrist, or hand that would interfere with participation in
the study; (4) absence or severely impaired proprioception of
the upper limb; (5) musculoskeletal or circulatory conditions
affecting the upper limb; (6) severe spasticity; or (7) recent
treatment (within 3 months) for spasticity including botulinum
toxin injections or spasticity medications including intrathecal
baclofen. Due to a limitation in the number of mRehab units,
participants were recruited in 2 rounds: 5 in the first and 6 in
the second. All participants provided written informed consent
prior to initiating the study.

Procedures

Participants completed 2 in-lab sessions prior to starting the
home program. During these sessions, they completed a
demographic questionnaire, clinical assessments including the
9-hole peg test and Wolf Motor Function Test, and assessment
of hand grip strength and received, in total, 40-60 minutes of
training on the mRehab system. In thelab, participantsreceived
instructions to select the activity on the mRehab app, insert the
smartphone into each 3D-printed object, perform each activity,
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and interpret the feedback [17]. Each participant then proceeded
to independently complete setting up the mRehab system and
perform each activity for 3-5 repetitions to indicate that they
were comfortable with setting up and completing the sessions
independently. We aso explained to the participants that the
Quick Twist Mug activity was optional. Thisactivity had lower
measurement consistency than we wanted for recommendation
in the home program [17], but for those participants willing to
use the activity, long-term feedback on performing the activity
was considered helpful in furthering the mRehab system.
Participant requests for customization such as increasing the
font size in the mRehab app for better readability were
addressed. For the home program, an occupationa therapist
suggested that the participants perform 10 repetitions of each
activity, 5 times per week as quickly and smoothly as possible.
It was clarified that this was only a suggestion and that
participants could choose to do more or fewer repetitions.
Participants used mRehab at home for 6 weeks and were
instructed to contact researchersif they encountered difficulties.
After 6 weeks, participants returned to the lab and completed
the clinical assessments, showing improved performance [18],
and several structured questionnaires. Two questionnaires
assessed their general perception towards exercise and
technol ogy, the Self-Efficacy for Exercise Scale and the Attitude
toward Technology, respectively. The other questionnaireswere
specific to mRehab: (1) System Usability Scale (SUS); (2)
mRehab A cceptance Questionnaire, based on the Technology
Acceptance Model; and (3) Difficulty Rating Scale (DRS).
Detailsof each instrument areincluded in the following sections.
Each participant then engaged in a 1-hour retrospective
interview conducted by amember of the research teamto discuss
their experience with using the mRehab system at home. The
semistructured interview questions are summarized in
Multimedia Appendix 1.

Instruments

Hand Grip Strength Assessment

Hand grip strength assessment using a handheld dynamometer
was conducted as part of the Wolf Motor Function Test [19,20].
Hand grip strength assessments were performed for the
individuals affected and nonaffected sides to indicate the
individual’s baseline motor ability [21].

Figure5. Ordina scale on the Difficulty Rating Scale (DRS).

Bhattacharjyaet al

Sdf-Efficacy for Exercise (SEE) Scale

On a scale of 1-10, participants indicated their self-efficacy
related to exercising in general. Higher scores indicate that
participants were more confident that they would complete the
exercise when they were alone, stressed, depressed, etc [22].

Attitude Toward Technology

On a scale of 1-7, participants indicated their attitude toward
the use of technology in general. Higher scores indicate an
increased likelihood that the participant was enthusiastic about
using new technology. These questions are based on the
Technology Acceptance Model [23-25] and are summarized in
Multimedia Appendix 2.

System Usability Scale (SUS)

The SUS has been previously used for assessing usability of
mobile rehabilitation apps and systems [26,27]. The SUS
consists of 10 questions, each rated on a 5-point Likert scale
[28], to assess the participant’s satisfaction with the whole
mRehab system. The SUSisareliable and valid measure of the
perceived usability of asystem [29,30] and has been used with
small sample sizes of 8-15 users[31,32]. The SUS was used to
assess the participant’s satisfaction with the mRehab system.

mRehab Acceptance Questionnaire

The mRehab Acceptance Questionnaire was based on the
origina Technology Acceptance Model and the extended models
[33-35]. The questions addressed the mRehab system asawhole
and asked about the participant’s perception of the system
usefulness and ease of use, learnability of the system,
self-efficacy for mRehab usage, attitude toward mRehab, and
behavioral intention to use the mRehab system in the future.
The questionswere modified from previousliterature[23,36-40]
and used a 7-point Strongly Disagree to Strongly Agree
Likert-type scale. The questionsare summarized in Multimedia
Appendix 2.

Difficulty Rating Scale (DRS)

The DRS focused specifically on the hardware design of each
of the 3D-printed objects (mug, bowl, key, and doorknob), and
elicited participant opinions on their ease of use. Participants
rated the ease of use on a scale ranging from Very Difficult to
Very Easy (Figure 5).

[ DIFFICULT | MODERATE | EASY |
VERY MODERATELY BARELY NEITHER EARELY MODERATELY VERY
DIFFICULT DIFFICULT DIFFICULT EASY EASY EASY
I I I | | I I I I
ot L
-3 L] -1 0 +1 2 +3
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Semistructured | nterview

The interview questions elaborated on the usability of the
system, including what they liked or disliked about the system
components, activities that they benefitted from, and activities
that were preferred. Based on the participant responses to the
initial probes (see Multimedia Appendix 1), follow-up questions
had participants elaborate on their use of the 3D-printed objects
and their respective rehabilitation activities.

Data Analysis

Demographic variables are descriptively summarized in Table
1. For the SUS, percentile rankswere cal culated from participant
ratings of their perceived usability [41]. Grades were assigned
to percentile ratings from Grade A to D as recommended by
Sauroin 2018 [41]. The assigned cut pointsfor the gradeswere

Table 1. Participant characteristics.

Bhattacharjyaet al

as follows: A+: 96-100; A: 90-95; A-: 85-89; B+: 80-84; B:
70-79; B-: 65-69; C+: 60-64; C: 41-59; C-: 35-40; and D: 15-34,
with grade B- or better indicating acceptable usability and D
indicating marginal acceptability. The average of the ratings
was calculated for each participant for each subsection of the
mRehab Acceptance Questionnaire. Then, the mean and SD
were calculated for the mRehab Acceptance Questionnaire for
each question across participants [ 25]. Pearson product moment
correlation was used to evaluate the relationship between
participants’ average number of repetitions performed and their
ratings on the SUS and mHealth Acceptance Questionnaire.
Use was quantified based on the average number of repetitions
per activity over the 6 weeks. Changesin clinical assessments
were also examined using the Wolf Motor Function Test and
have been reported in another paper [18].

ID Age Gender Affect- Reported Hand grip strength (Ib) Prior experiencein using SEE? Scale Attitude toward
(years) edside domi n{:\nt (1-10 scale), technology
arm prior mean (1-7 scale),
to stroke mean
Affected Nonaffected Mobile Smartphone
side side phone
so1 57 =4 RC R 20 417 yd Y 6.4 23
S02 54 F L® L 25 45 Y Y 8.2 57
S03 68 YA R R 30 80 Y Y 10 4.7
S04 61 F R R 28.3 41.7 Y N9 6.8 33
S05 78 F L R 28.3 51.7 Y N 10 4.7
S06 66 M L L 30 1117 Y Y 6.9 5
So07 73 M L L 10 58.3 Y N 3.6 3
S08 61 M L R 61.7 733 Y Y 6.9 3
S09 62 F R R 5 40 Y Y 6.4 33
S10 67 M R R 60 60 Y Y 89 23
S11 76 M R R 45 48.3 Y N 8.7 23
Mean 65.7(7.7) nah N/A N/A 312 50.3(21.8) N/A N/A 7.5(19) 36
(SD) (18.1) 1.2)

8SEE: Self-Efficacy for Exercise.
bF: female.

CR: right.

dy. yes.

EL: left.

'M: male.

9N: no.

AN/A: not applicable.

All interviews were audio recorded and transcribed verbatim
by aprofessional transcription agency. Thefirst author reviewed
each transcript for accuracy. QSR’s NVivo 12 was then used
to code themes within the transcripts. Thematic analysis was
used to identify and extract themes, explain what each theme
could mean, and determine links between themes. The first
author and a research assistant independently coded the
transcripts to identify primary and secondary themes from the
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interview transcripts. Both reviewers discussed their coding
once per week over a6-week coding period and reached mutual
consensus in case of any disagreement about coding.
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Results

Participant Demographics

The study sample included 11 individuals with stroke, with a
mean age of 65.7 (SD 7.7) years and age range of 54-78 years,
and 5 of 11 participants were female (46%; detailed in Table
1). On average, the participants were over 7 years poststroke.
Of the 11 participants, 8 (73%) were right-side dominant prior
to stroke, and 9 (82%) reported that their dominant side wasthe
affected side poststroke. All participants had prior experience
with using mobile phones, and most participants (7 out of 11)
had prior experience with using a smartphone. On the Attitude
Toward Technology, participants reported a mean score of 3.6
(1.2) onthe 7-point Strongly Disagreeto Strongly Agree scale.
All but one participant indicated high self-efficacy for exercise,
ranging between 6.4 to 10 in general.

Participant Completion

All but one participant completed the 6-week in-home
rehabilitation program. While the participant did not complete
the in-home program, they did complete the postintervention
interview and all the questionnaires. During the interview, the
participant explained that she needed her caregiver to be present
during the mRehab sessions. She had difficulty with setting up
the mRehab activities and needed support. To better understand
this participant’s experiences with mRehab, her ratings were
included in all reported results.

I ssues With the mRehab System

During thein-home period, 6 participants (4 from thefirst group
and 2 from the second group) contacted the research team with

Bhattacharjyaet al

reports of breakage in the mRehab system. A mgjority of the
participants in the first group experienced breakage of the
doorknob (n=4) and the key (n=2). In case of breakage, the
3D-printed items were replaced within 1-2 days. Following the
completion of group 1, we upgraded the 3D-printed items with
larger infill to make the doorknobs and keys stronger to
withstand repetitive use. In group 2, only 2 participants
experienced doorknob breakage.

Per ceptions of the mRehab System

Table 2 includes individua-level perceptions of the mRehab
system. The SUS scores indicate that all but one participant
were satisfied with the usability of the mRehab system. Most
participant ratings (10/11) ranged from the 67.5th to the 97.5th
percentile, which were Grade B- or better. Participants (11/11)
also provided favorable responses on the mRehab Acceptance
Questionnaire (a 7-point scale), with a mean perceived
usefulness of 5.7, mean perceived ease of use of 5.3, and mean
self-efficacy for mRehab usage of 6.0. Also, mean ratings for
participants’ attitudestoward mRehab was 6.3, and participants
behavioral intention to use mRehab in the future was 5.3.
Individual questions for each construct in the mRehab
Acceptance Questionnaire have been summarized in Multimedia
Appendix 2. For the question “Learning to operate the system
was easy for me,” participants (11/11) provided a mean rating
of 6.1. The average total repetitions of al activities combined
per day from the mRehab app are also summarized in Table 2.
The correlations between average number of repetitions per day
and ratings on SUS, mRehab Acceptance Questionnaire, or
DRS were small, and none reached an alpha of .05.

Table 2. Participant ratings on the System Usability Scale (SUS) and mRehab Acceptance Questionnaire and their performance with the mRehab

system.
ID SUS (1-10 scale) Perceived usefulness (1-7 scale)  Perceived ease of use (1-7 scale), Average repetitionsin 6
mean weeks for al activities
Percentile Grade

S01 175 D 5 12 N/A2

S02 97.5 A+ 7 6 189

S03 875 A- 7 6.4 255.8

S04 85 A- 6 4.4 256.8

S05 65 B- 5 6.2 461.1

S06 67.5 B- 6 58 62.3

S07 80 B+ 6 52 216

S08 825 B+ 4 4.6 132.7

S09 80 B+ 6 54 195.3

S10 67.5 B- 5 6 106.2

S11 95 A 6 58 461.5

3N/A: not available because the participant did not complete the study.

Participant responses on the DRSindicated that the majority of
participants found the mug and bowl easy to use. On the DRS,
7 participants found the mug easy to use, and 4 found it
moderately easy to use; 8 participants found the bowl easy to
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use, and 3 found it moderately easy to use. However, more
difficulty was reported with the ease of use of the key and the
doorknob. For the doorknob, 3 participants reported it easy to
use, 3 reported it as moderate, and 5 indicated it was difficult
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to use. For the key, 5 participants reported it easy to use, 3
reported it as moderate, and 3 indicated it was difficult to use.

Themes

Thediscussion themesidentified from the participant interviews
are summarized in the following sections. usability of the
mRehab system, usability of the performance-based feedback
system, usefulness of mRehab activities, support needed with
use of mRehab, and generalization to new activities of daily
living. The frequency of participant responses reported in the
qualitative results represents the number out of al 11
participants.

Usability of the mRehab System

Hardware Design

Comments about the design of the 3D-printed objects were
largely positive. Of the 11 participants, 9 liked the bowl, 8 found
themug “good,” and 5 liked the doorknob. Commentsregarding
the design of the doorknob included “an excellent design” and
“it was easy to get ahold of it.” Regarding the key, 6 participants
said that although the key size was bigger than a typical key,
they preferred the bigger size for training. The current shape
and size allowed a good grip on the key when turning. Some
participants pointed out that they would prefer customization
of the bowl and mug handle based on the participant’s hand
size and potentially adding a textured grip on the handle. And
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2 participants suggested using alatch or a handle-lever shaped
doorknob in the future.

Hardware Functioning

When using the mRehab system at home, 8 participants reported
leaving the system set up on atable. Participants thought that
the bowl was easy to use during exercise. No difficulties were
reported by participants on how to use the mug for the mRehab
activities. Regarding using the mug, 5 participants stated that
they found the mug easy to use and that the phone was easily
accessible when inside the mug. Two participants reported
repeated breakage of the doorknob, which led to lower average
repetitions for the Turn Doorknob activity. The first 7
participants reported that the doorknob design prevented
continuous pairing of the contact i nterface between the doorknob
with the smartphone screen. Some of these participants reported
being worried that this could lead to erroneous calculation of
smoothness and therefore actively fixed the issue by either
placing rolled up paper napkins or a pillbox behind the phone
(Figure 6). Additionally, the research team made home visits
to attach a piece of foam on the box that pushed the smartphone
forward and minimized the space between the smartphone and
doorknob, thereby fixing thisissue. Since the design of the key
was similar to that of the doorknob, there wasasimilar problem.
For 8 participants, initially the app did not register the movement
of the key on the phone screen. Again, using an object to push
the phone forward toward the key worked well.

Figure 6. Participant using a pill box behind phone when engaging in Turn the Key activity.

Software Design

All participants switched the phone off to preserve battery.
Participants reported that the design of the app interface needed
to be refined to allow them to make choices on the screen while
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the phone is in the key or doorknob holder. Two participants
reported being pleased by the customizable nature of the app
that allowed them to view larger fonts on the screen.
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Software Functioning

Two partici pants reported being confused by the repetition count
by the app when they engaged in activities. Participantsthought
that the app count was directive and they were expected to
perform arepetition after the app had counted. The participants
reported that they had forgotten that the app counted only after
they had completed arepetition. Also, the app count had a brief
time lag in counting, which some participants reported to be
confusing.

Usability of the Performance-Based Feedback System

Difficulties With the Feedback

Of the 11 participants, 5 participants stated that they did not
understand the numbers on the feedback screen and that scores
that went to 3 decimal places were not meaningful. One
participant explained that they forgot the significance of the
auditory celebratory sound and an icon turning green on the
feedback screen:

| really didn’t know [laughs] what | was supposed to
be doing—what improvement was. Each time | tried
to do them. | was trying to do them as smoothly as |
could, and then | was trying to do them all.

This participant also reported forgetting to look at the manual
for adescription of the feedback. Although the app was designed
to allow participants to see the history of their performance as
a line graph over the 6-week period, al participants who
remembered the “History” tab (9/11) reported that the app
crashed consistently when the history tab was opened. Two
participants forgot that the app had a“History” tab and did not
remember to look at the manual for more details.

Positives About the Feedback

Of the 11 participants, 9 participants said that they liked the
green light and the auditory note of the feedback. One of these
participants explained that she deliberately performed 2 sets of
each activity everyday with at least one additional repetition in
the second set. Performing one extra repetition compared to the
previous set ensured that her feedback had at least one green
icon for repetitions. One participant explained that the green
icon let them identify the activitiesin which they were becoming
“proficient.” Another participant said:

| liked it when it gave you statslike how well you did,
the green light, saying, “Wbo! Strong!” that you're
getting stronger there and increasing the repetitions.
| like the noises that it made.

One participant said that they tried to redo the activities to get
agreen icon.

Suggestions for Feedback

Several participants offered suggestionsto improve the feedback
system; 4 participants said that seeing or hearing the feedback
in words could be helpful such as “Today you did faster than
yesterday.” One participant explained that he would prefer to
know what the app was measuring and how he could improve
his performance. One participant pointed out that in the activity
Walk with Mug, the phone made an initial spilling sound and
then stopped. A continuous spilling sound would help.

https://humanfactors.jmir.org/2021/1/e21312
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Two participants said that they would like to see negative
feedback. One participant’s caregiver explained that the negative
feedback could motivate the participant to try another set. One
participant requested to include an option to see best scoresince
start. She said:

| did it a lot. It got lost. | couldn't tell you what my
best score was.

Usefulness of mRehab Activities

Beneficial Activities

Of the 11 participants, 10 participants reported that they
benefitted in some way from one or several of the mRehab
activities. Some participants selected more than one activity.
Phone Number, Transfer Mug Vertically, and Slow Pour were
reported as beneficial by 3 participants. One participant
explained that the Slow Pour activity was beneficial for her
because it resembled a rea-life task. Another participant
explained that the horizontal and vertical mug activities were
beneficial for her and said, “| canfeel itin my shoulder.” Phone
Number and Quick Tap were reported as beneficia by 2
participants because they required fine motor skills and hel ped
to improved hand-eye coordination. Quick Twist Mug and
Transfer Bowl Vertically were not reported as beneficial by any
of the participants. Further detail was not provided by 4
participants who reported benefitting from an activity.

Favorable Activity

One or more favorable activities were reported by 10
participants. The only activity not mentioned as a favorite was
Turn Doorknob, and the activity mentioned the most, by 5
different participants, was the Transfer Mug Horizontally. The
participants did not explain why they enjoyed the activities,
they just stated that they liked certain activities more than others.

Nonbeneficial Activities

Eight participants reported not using the Quick Twist Mug
activity at all. One of these participants explained that for Quick
Twist Mug, the app needed her to quickly supinate and pronate
her forearm, and her movement was not quick enough for the
app to count the repetition. Walk with Mug and the Transfer
Mug Vertically were chosen by 2 participants as nonbeneficial.
Turn Doorknob, Turn Key, and Transfer Mug Horizontally were
mentioned as nonbeneficial only once. Three participants said
that some activitieswere not beneficial sincethey weretoo easy,
or they were already ableto perform the action with ease before
starting the mRehab program.

Nonfavorable Activities

The 4 nonfavorable activities were Slow Pour, Quick Tap, Sip
from Mug, and Walk with Mug. Slow Pour was identified as
the least favorable activity by 4 participants, 2 of these
participants explained they did not like Slow Pour because it
forced them to move slowly and they wanted to move faster.

Support Needed to Use mRehab

Four participants indicated that their caregiver helped when
using the mRehab system; 3 parti cipants reported needing help
with navigating the app, and 1 of the participantsfelt they could
have used the app independently, but defaulted use of the app
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to the caregiver because they were more familiar with
smartphones. All 4 participants needed physical support with
setting up the mRehab activity components. This ranged from
assistance with lifting the box to physical assistance with setting
up activities. One of the participantsindicated that going through
all the mRehab activities would take 40-45 minutes and that it
was difficult to find free time where their caregiver was
availableto sit down and help for the entire time.

Generalization to New Daily Life Activities

Nine participants reported initiating a new skill following use
of the mRehab system, and 9 participants described an increase
in control and use of their affected upper extremity or hand
post-mRehab activities. Various ADL performances were
brought up by participants: pouring laundry detergent, washing
dishes, drying dishes, wiping off countertops, stabilizing with
the affected hand, donning socks, opening doorknobs, taking
clothes out of dryer, and gripping objects more often. Two
participants reported an increase in dexterity of their affected
hand post-mRehab activities. Four participants said they were
more conscious of using the affected hand during ADLs to
continue practicing using it, even outside mRehab activities.
Two participants said they did not start doing any new activities,
and 1 said it was because they were still experiencing residual
pain in their affected hand from their stroke.

Discussion

All participants, except for 1 participant, completed the 6-week
study. Overall, participants indicated that they liked using the
mRehab system at home and that they benefitted from its use.
High percentile ranks on the SUS and high mean ratings on the
mRehab Acceptance Questionnaire indicate that the mRehab
system was useful as a remote home program and that
participants were satisfied with the usability of the system.
Although it is possible that individuals who were comfortable
with the use of technology volunteered to participate in this
study, low scores on the Attitude Toward Technology indicate
that the recruited participantswere, in general, typically hesitant
to try out new technology.

For this study, the inclusion and exclusion criteriawere created
to ensure that individual s had sufficient function to interact with
the system. The criteria, however, did not create a ceiling for
the participants. The degree of deficitsfor individualsvaried in
the study [18]. By virtue of participants requesting to bein the
study, it indicates that they perceive deficits that they would
like to improve with a home program. Mild stroke is not
uncommon [42], and providing avenues for motor improvement
is aso important for this group.

The convergence of the qualitative and quantitative data supports
the strengths of using a mixed-methods design for capturing a
holistic picture for system usability [43]. Participants
ease-of -use ratings and their interview responses indicate that
the usability of the mRehab system was high. Participants who
described that the bowl and doorknob were easy to use in their
interviews also rated them to be +1.5 or higher on the DRS,
indicating that they were easy to use. Similarly, participants
who described that the design of the 3D-printed key needed to
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be customized or modified for ease of use rated the key to be
moderate to difficult to use on the DRS.

Evaluation of usability over alonger period of time is critical
because it portrays the challenges of using a system in
day-to-day life while accounting for breakdowns and failures
from repeated use. Participants experienced some breakage of
the 3D-printed items resulting from repeated and prolonged use.
Although the 3D items in the mRehab system had undergone
usability testing and were modified based on participant
feedback [17], extended use uncovered aspects of the mRehab
system that can be improved and expanded in future
devel opments. Participants emphasized the need for customizing
the daily use objects in the mRehab system. Also, interviews
with the participants revealed technical problems with the
“History” tab, which was a newly added feature that was not
pilot tested in previous iterations. Despite these issues, the
majority of participants provided a grade of A- or better for
mRehab on the SUS. Scores that are 68th percentile or higher
on the SUS suggests future use of the system [16,28,29]. Both
the perceived usefulness and perceived ease-of-use scores
suggested the participants were satisfied and were accepting of
the mRehab system. The Technology Acceptance Model posits
that perceived usefulness and perceived ease of use are 2 main
factorsthat predict actual use of the technology by the user and
influence acceptance [23,44)].

Although participants reported quickly learning to use the
system in the mRehab Acceptance Questionnaire, theinterviews
revealed that they did not have afull understanding of the app
interface or the feedback system. Over the 6-week period,
participants had forgotten what the scores (numbers) meant,
what the visual feedback (green light) was, and what the
celebratory auditory note meant. These behaviors indicate that
40-60 minutes of training was not adequate for the participants
to use the system to its fullest capacity in a remote setting.
Relatedly, hospital-based research suggests transition planning
and early training prior to discharge from hospital areimportant
to facilitate carry over of skills to remote rehabilitation and
promote self-management [45]. All participants had received a
manual explaining the meaning and significance of each activity
and the app interface; however, the participants reported either
forgetting about the manual or not taking it out of the box. This
indicates that the participants relied on the app to guide them
through the entire exercise session. Better understanding how
to support individuals in long-term home programs through
in-person training and app design are important considerations
for design and implementation of mHealth.

The long-term use of mRehab combined with multiple
assessments of usability testing start to illuminate the
individual’s preference for activities that are just right and are
neither too easy nor too difficult. Participants’ preferences for
the just-right amount of challenge have been demonstrated in
previous literature [46,47]. Participants explained that they did
not benefit from activities that were too easy. Conversely,
several participants stopped using the Quick Twist Mug activity
because it was too challenging. Also, with the Slow Pour
activity, participants listed it as “not a favorite,” but reported
they did the activity and found it beneficial. Taken together, it
suggests that feeling appropriately challenged and benefiting
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from an activity are important aspects to consider in designing
rehabilitation systems.

This was a small-scale, mixed-methods study to explore the
feasibility of using mHealth relatively independently for upper
limb rehabilitation by individuals with stroke. This sample size
may not have allowed usto identify all the possible accessibility
features needed by people with disabilities, but the in-depth
conversationswith these study participants enabled usto identify
several major accessibility features desired by individuals with
stroke. Additionally, despite immediate replacements, the
breakage of some of the 3D-printed items may have caused
negative perceptions about the mRehab system. However, the
participants provided an overall positive usability rating for the
mRehab system. The first group of participants experienced a
higher incidence of breakage than the second group. Although
our plan did not entail using an iterative approach within this
study, thefirst group’s home use of the 3D-printed itemsallowed
us to modify the 3D-printed objects for the second group. The
benefits of extended use of a device prior to usability testing
arewell illustrated in this study.

During screening, participants were included if they indicated
in their self-assessment that pain would not interfere with their
participation. Experiencing pain is a common clinical
consequence after stroke [48], and nearly 70% of poststroke
patients experience pain on adaily basis[49]. Postintervention,
2 participants reported not engaging in new activities, fearing
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pain. The usability assessments in this study did not fully
evaluate if mRehab activities resulted in pain. At the start of
the study, participants wereinstructed to stop mRehab activities
if they experienced increased pain and to contact the research
team. No participant contacted the research team with
complaints of pain. Perceived fear of pain when performing a
new activity may also impact the participant’s willingness to
engage in new activities. In previous studies, participants
reported planning daily activities with their nonaffected side
due to fear of injury to their affected arm [50,51]. In future
studies, a pain scale on the mobile app that records reports of
pain and assessing fear of pain with movement will help clarify
how pain and the fear of pain impact outcomes. This line of
study is important in better understanding how training in
rehabilitation programs may transfer to movement outside of
the rehabilitation program.

Assessing usability and usefulness of mHealth interventionsis
critical to incorporate user opinions and customize the
intervention to the users needs and preferences. It is not
common for end usersto evaluate their exercises[52], let alone
assess long-term usability in the user’s lived environment.
Findings from this study indicated users preferences for (1)
realistic design of the 3D-printed objects, (2) activities
resembling daily living tasks, (3) customizable nature of the
app, (4) being adequately challenged by the activities, and (5)
performance-based objective auditory and visual feedback.
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Abstract

Background: The assessment of usability is a complex process that involves several steps and procedures. It isimportant to
standardize the eval uation and reporting of usability procedures across studies to guide researchers, facilitate comparisons across
studies, and promote high-quality usability studies. The first step to standardizing is to have an overview of how usability study
procedures are reported across the literature.

Objective: This scoping review of reviews aims to synthesize the procedures reported for the different steps of the process of
conducting a user-centered usability assessment of digital solutions relevant for older adults and to identify potential gapsin the
present reporting of procedures. The secondary aim is to identify any principles or frameworks guiding this assessment in view
of a standardized approach.

Methods: Thisisascoping review of reviews. A 5-stage scoping review methodol ogy was used to identify and describe relevant
literature published between 2009 and 2020 as follows: identify the research question, identify relevant studies, select studiesfor
review, chart datafrom selected literature, and summarize and report results. The research was conducted on 5 electronic databases:
PubMed, ACM Digital Library, IEEE, Scopus, and Web of Science. Reviews that met the inclusion criteria (reporting on
user-centered usability evaluation procedures for any digital solution that could be relevant for older adults and were published
in English) were identified, and data were extracted for further analysis regarding study evaluators, study participants, methods
and techniques, tasks, and test environment.

Results: A total of 3958 articles were identified. After a detailed screening, 20 reviews matched the eligibility criteria. The
characteristics of the study eval uators and participants and task procedureswere only briefly and differently reported. The methods
and techniques used for the assessment of usability are the topics that were most commonly and comprehensively reported in the
reviews, whereas the test environment was seldom and poorly characterized.

Conclusions: A lack of adetailed description of several steps of the process of assessing usability and no evidence on good
practices of performing it suggests that there is a need for a consensus framework on the assessment of user-centered usability
evaluation. Such a consensus would inform researchers and allow standardization of procedures, which are likely to result in
improved study quality and reporting, increased sensitivity of the usability assessment, and improved comparability across studies
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and digital solutions. Our findings aso highlight the need to investigate whether different ways of assessing usability are more
sensitive than others. These findings need to be considered in light of review limitations.

(JMIR Hum Factors 2021;8(1):€22774) doi:10.2196/22774
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Introduction

Background

Digital solutions, defined as any set of technologies, systems,
and mobile apps that are available on a digital device such as
an iPad, alaptop, or a smartphone[1], have become popular in
different areas, namely to optimize and personalize health care
provision[2], to promote healthy lifestyles (eg, physical activity)
[3,4], to minimizeloneliness and social exclusion by promoting
social, religious, civic, and political participation [5-7], or to
improve safety, independence, and confidence [2].

The accelerated aging of the population imposes severa
challenges on the health care and social systems. Owing to the
higher rates of disease and morbidity [8,9], digital solutions
have been noted as a valid contributor to help reach a high
number of individualsat lower costs[10]. However, devel oping
digital solutions adjusted to older adults presents specific
challengesrelated to age and disease, such asloss of visual and
hearing acuity or changes in fine motricity. These need to be
considered so that the technol ogy matches the users' needs and
characteristics and, ultimately, its use resultsin an added value
indaily life[11,12]. To guarantee that adigital solutionisfully
adjusted to its users, a robust evaluation process must be
considered [13]. One of the key attributes of digital solutions
that require careful attention and evaluation is usability.

Usability is part of the user experience, that is, the total usage
phenomenon [14], and is defined as the measure by which a
product can be used by specific users to achieve specific goals
with effectiveness, efficiency, and satisfaction in a specific
context of use [15]. Efficacy refers to the degree of accuracy
and completeness with which users achieve certain goalsin a
given environment, efficiency is related to the accuracy and
completeness of the goal s achieved with regard to the resources
used, and satisfaction is defined as the comfort and acceptance
on the use of a system [15]. Furthermore, the level of usability
obtained depends on the specific circumstances in which the
product is used and the usage context includes users, tasks,
equipment (hardware and software), and the physical and social
environment, as al of these factors can influence the usability
of digital solutions [15]. In other words, usability is the ability
of a product to be understood, learned, used, and attractive to
the user, when used under specific conditions. This definition
reinforces the idea that a product has no intrinsic usability and
only the ability to be used under specific conditions[16]. Good
usability allows reducing task execution times, errors, or
learning times; improves user satisfaction; and leadstoimproved
product acceptability, increased user satisfaction, and improved
product reliability [17].
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Usability evaluation is an important part of the overall
development of user interaction mechanisms, which consists
of interactive cyclesof design, prototyping, and validation [18].
Ideally, usability evaluation must be present at all development
stages and must be iterative to enable a continuous evolution
of the quality of the product or service. Theliterature describes
several models, methods, and techniquesto ensure that usability
issues are considered during the development process. The
selection of these models, methods, and techniques depends on
the development stage of digital solutions and available
resources [19]. Certain models of usability assessment rely on
usability experts, whereas othersrely on end users (user-centered
usability assessment). The former are known as the analytical
models [20] and involve the inspection of the digital solution
by experts to assess the various aspects of user interaction
against an established set of principles of interface design and
usability [21,22]. The latter refer to the empirical models [20]
and involve having the perspective of usersand are key to highly
usable digital solutions by ensuring that the digital solutions
meet the users’ needs and reguirements, that is, they are adapted
to the body and mind of their user in agiven context [23]. This
perspective is gathered using different methods (eg, test and
inquiry) and techniques (eg, interviews, think-aloud, and
observation), which are usually combined [24]. Both models
areessential in the devel opment process of digital solutionsand
provide complementary information [25]. This review focuses
on the users’ assessment of usability.

Usability assessment involving usersisacomplex task, and the
use of only one method (eg, test or inquiry) may not be
comprehensive enough to thoroughly consider al relevant issues
associated with a given product or service [19]. In addition,
different methods have different strengths and weaknesses and
provide information on different aspects of the digital solution
[19]. Nevertheless, it isimportant to standardize the eval uation
and reporting of usability procedures across studies. This will
guide researchers, facilitate comparisons across studies, promote
high-quality usability studies, which would be more likely to
identify usability problems, and provide relevant data that
contribute to highly usable solutions. The first step to
standardizing is to provide an overview of how user-centered
usability evaluation procedures are reported in the literature.

Objective

This scoping review of reviews aims to synthesize the
procedures used or reported for the different steps of the process
of conducting a user-centered usability assessment of digital
solutions relevant for older adults and identify potential gaps
in the present reporting of procedures. The secondary aimisto
identify the principles guiding this assessment.
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Methods

Study Design

This study followed the 5-stage scoping review methodology
defined by Levac et a [26] based on the framework previously
developed by Arskey and O’ Malley [27]. The stages include
(2) identification of the research question, (2) identification of
relevant studies, (3) selection of relevant studies, (4) charting
the data, and (5) collating, summarizing, and reporting the
results of the review. A scoping review of the literature aimsto
map key concepts, summarize a range of evidence, especialy
in complex fields, and identify gaps in the existing literature.
It allowsfor broader perspectivesin comparison with systematic
reviews [26,27] and, therefore, was the appropriate approach
for this study, in which we aimed to cover a broad range of
usability eval uation procedures and identify gapsto direct future
research.

I dentification of the Research Question

The research question provides a roadmap for the subsequent
stages of the review. It was defined based on the analysis of the
literature in the field of usability evaluation of digital solutions
and the expertise of the research team, that is, during our
previouswork in the field of usability evaluation, weidentified
a lack of consensus in the academic literature regarding the
instruments, protocols, and methodologies used for assessing
usability across a range of digital solutions (eg, websites,
assistive technology, augmented reality). Therefore, to have a
more in-depth knowledge of the practices and procedures used,
the following research question was defined: What are the
current practices for the user-centered assessment of the
usability of digital solutions (eg, procedures instruments)
relevant (ie, that could be used and have value) for the older
adult population? This broad question was subdivided into 5
research questions: (1) What are the characteristics of study
evaluatorsreported in user-centered usability studiesfor digital
solutions relevant to older adults? (2) What are the
characteristics of study participants reported in user-centered
usability studies for digital solutions relevant to older adults?
(3) How are the tasks used for user-centered usability studies
for digital solutions relevant to older adults? (4) What are the
methods and techniques used in user-centered usability studies
for digital solutionsrelevant to older adults?and (5) Where (ie,
the environment) do user-centered usability evaluations take
place?

Identification of Relevant Studies

The search expression usability OR user experience was used
in the electronic search carried out in PubMed, ACM Digital
Library, IEEE, Scopus, and Web of Science. The search
expression did not include older adults as we did not want to
limit the inclusion of reviews to those specifically mentioning
older adults. Databases were searched for English language
reviews published between January 1, 2009, and January 23,
2020. The limit of 2009 was established, as 2007 was the year
the ambient assisted living joint programme was launched by
the European Commission, which is a transnational funding
program exclusively focused on the research and development
of digital solutions directed at older adults [28]. Therefore, we

http://humanfactors.jmir.org/2021/1/€22774/

Silvaet d

searched for reviews from 2009 onward that covered the primary
studies published after 2007.

Selection of Relevant Studies

All referenceswereimported into Mendel ey software (Elsevier,
North-Holland) through which duplicates were removed. The
first 300 abstracts were screened by 3 reviewers (HC, AS, and
NR). Differencesin judgment were used to refine theinclusion
and exclusion criteria and were discussed until consensus was
reached. This first phase of screening also served to build a
common understanding of the inclusion and exclusion criteria.
Screening of the remaining abstracts was performed by 1
reviewer (HC). Similarly, thefirst 10 full articleswere screened
by 2 reviewers (HC and AS), and differencesin judgment were
discussed until consensuswas reached. If consensuswas difficult
toattain, athird reviewer who isasenior reviewer and an expert
on usahility (NR) was consulted. The remaining full papers
were independently screened by one of these 3 reviewers.

To be included in this scoping review, studies had to report on
user-centered usability procedures or methods of eval uation for
any type of digital solution that could berelevant for older adults
and that was (1) published in English; (2) a review, either
systematic, scoping, or narrative review; (3) addressing and
synthesizing evidence on any of the steps or methodologies
used for usability assessment; and (4) addressing usability in
general or for a specific digital solution that was considered
relevant (this was a subjective judgment made by the authors
of the review) to older adults or those caring for older adults,
such as informal caregivers, family members, or health care
professionals.

Studies were excluded if they (1) were grossly unrelated to the
study topic (eg, chemistry field); (2) targeted children or younger
age groups (eg, digital solutionsfor children with diabetes); (3)
addressed usability for nondigital solutions (eg, buildings) or
digital solutions assessed as not of interest for older adults or
those caring for them (eg, moodle and el earning solutions);
and (4) addressed usability of digital solutions for caregivers
of older adults, but only those studies that did not involve
interaction or feedback with older persons or those caring for
them were included.

Charting the Data and Collating, Summarizing, and
Reporting the Results

The data extraction tool was developed using an iterative team
process. The preliminary data extraction categories were derived
from our research questions. The following datawere extracted
from each review: authors, year of publication, purpose/aim of
the study, and the number of studies included in the review.
Further extraction, analysis, and reporting of resultswere guided
by the framework proposed by Ellsworth et al [29] for reporting
usability evaluations, and the following operational definitions
were used for thisreview:

1. Study evaluators, that is, the individuals who conducted
the usability evaluation.

2. Participants, that is, the individuals who were asked to
evaluate the usability of a product or service.
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3. Tasks, that is, the activities that participants were asked to
perform when evaluating the usability of a product or
service.

4. Methods and techniques: methods refer to the set of
techniques used to perform formative user-centered usability
evaluation of a certain type at any stage of the product or
service devel opment. Usability evaluation techniques refer
to aset of procedures used to perform ausability evaluation
and collect data of a certain type. For this review, methods
and techniques of usability evaluation were categorized and
defined as presented in Table 1 (adapted from Martins et
al [30]). Usability assessment usualy requires the
combination of more than one method, can be conducted

Table 1. Methods of user-centered usability evaluation.

Silvaet d

remotely (ie, evaluators are separated in space from users)
or in the presence of the participants, and can be
synchronous (ie, occur at the time of the participants
interaction with the system) or asynchronous [30].

5. The test environment, that is, the environment where the
evaluation of usability takes place: (1) laboratory or
controlled conditions, usually atransversal assessment, or
(2) in areal context, that is, the usability assessment is
carried out in the same context and circumstances where
the end product or service is expected to be used, which is
usualy alongitudinal assessment.

Details on the characteristics of each of these components of
the usability assessment were extracted.

Method and definition and technique for data collection

Definition

Test: involves observing userswhile they perform predefined tasks and consists of collecting mostly quantitative data; thetest is centered

on theinteraction of the user with the technology

Performance evaluation

Observation

Think-aloud

Evaluated by recording elements related to the execution of a particular
task (eg, execution time, success or failure, number of errors, eye-tracking,
and automated usability evaluation or logfiles or web usage analysis or
app-use generated data or sensor data)

Attentive visualization and systematic recording of a particular phe-
nomenon, including people, artifacts, environments, behaviors, and inter-
actions. Observation can be direct, when the researcher is present during
the task execution, or indirect, when the task is observed through other
means such as video recording

Usersareinvited to talk about what they see, do, think, or feel asthey in-
teract with the system or service

Inquiry: provide valuable, subjective, and usually qualitative information on the users opinions and expectations

Focus groups

Interviews

Scales/questionnaires

Diary studies

Card sorting

Involves a small number of people in an informal discussion

Involves aone-to-oneinteraction to gather opinions, attitudes, perceptions,
and experiences

Collectsdataon characteristics, thoughts, feelings, perceptions, behaviors,
or attitudes, measuring either one (scale) or severa (questionnaire) dimen-
sions of usability. It isimportant to distinguish whether instruments were
validated

Users record events related to their experience in the context of daily ac-
tivity and later share them with the evaluators

It involves participants using logic while sorting content or cards into
categories or groups that make sense to them, given the information they
are provided with

Results

Overview

The PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) flow diagram for this scoping
review is presented in Figure 1. A total of 3958 articles were
identified from the 5 electronic databases. Of these, 1298 were
eliminated because they were duplicates or did not have the
author’s name. The remaining 2660 recordswere screened based

http://humanfactors.jmir.org/2021/1/€22774/

ontitle and abstract and 2509 were excluded because they were
not reviews (66/2660, 2.48%) or were out of scope (2443/2660,
91.8%). A total of 151 full textswere read for further analysis.
Of these, 115 manuscripts were excluded because they were
not related to usability, 3 articles were not found, and 13
reported on the assessment of usability by experts. Therefore,
20 reviewswereincluded in this scoping review of thereviews.
Of these, 19 were systematic reviews and one was a narrative
review. Table 2 presentsthe main characteristics of theincluded
reviews (study, purpose, and number of included studies).
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Figure 1. Flow diagram showing study identification and selection for the present review.
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Table 2. General characteristics of included reviews.
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Study

Purpose of the review

Number of studiesincluded in the review

Ellsworth et a (2017) [29]

Allison et al (2019) [31]

Azad-K haneghah et a (2020) [32]

Baharuddin et al (2013) [33]

Bastien (2010) [34]

Bhutkar et a (2013) [35]

Cavalcanti et al (2018) [36]

Fernandez et a (2012) [37]

Fernandez et a (2011) [38]

Fu et al (2017) [39]

Hussain et a (2014) [40]

Inal et a (2020) [41]

Klaassen et a (2016) [42]

Lim et al (2019) [43]

Narasmhaet a (2017) [44]

Shah and Chiew (2019) [45]

Simor et al (2016) [46]

Sousa and Lopez (2017) [47]

Yen and Bakken (2012) [48]

Zapataet a (2015) [49]

Review methods employed for usability testing on el ectron-
ic health records

Review methodol ogies and techniques to eval uate websites;
provide a framework of the appropriate website attributes
that could be applied to any future website evaluations

Review the rating scales used to evaluate usability and
quality of mobile health applications

Propose aset of usability dimensionsthat should be consid-
ered for designing and evaluating mobile applications

List test procedures and define and develop tools to help
conduct user tests

List the most commonly applied usability evaluation
methods and related emerging trends

Understand which methods and user assessment approaches
are commonly used in motor rehabilitation studiesthat use
augmented reality applications

Analyzethe usability evaluation methods that have proven
to be the most effective in the web domain

Analyze the usability evaluation methods that have been
employed to eval uate web applications over the last 14
years

Assessthe usability of diabetes mobile apps devel oped for
adults with type 2 diabetes

Review the relevant and appropriate usability dimensions
and measurements for banking applications

Analyze how usability isbeing addressed and measured in
mobile health interventions for mental health problems

Analyze if usability methods are equally employed for
different end-user groups and applications

Identify, study, and analyze existing usability metrics,
methods, techniques, and areasin mobile augmented reality
learning

Analyzing the characteristics of usability-related studies
conducted using geriatric participants and the subsegquent
usability challengesidentified

I dentify, analyze, and synthesize the usability features and
assessment approaches of pain management mobile appli-
cations targeted at the evaluation studies

Analyze usability evaluation methods used for gesture-
based games, considering deviceswith the motion-sensing
capability

Identify psychometrically tested questionnaires that mea-
sure the usability of eHealth tools

Review and categorize health information technology us-
ability study methods, and to provide practical guidance
on health information technology usability evaluation

Review a set of selected papers that perform a usability
evaluation of mobile health-related mobile apps

120

69

87

Not referred

Not referred (narrative review)

30

32

18

206

49

42

127

72

16

27

10

35

346

Study Evaluators

Only 4 out of the 20 (20%) [29,36,37,46] included reviews
briefly mentioned any characteristic of the evaluators' profile.
One of the reviews [36] reported that one of the 32 articles
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included mentioned that the person who performed the usability
assessment was ablind evaluator. Onereview stated that several

studies (exact numbers not provided) used graduate students as
both evaluatorsto perform usability inspectionsand participants
in experimental sessions (eg, think-aloud protocol, remote user
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testing) [37], whereas another review [46] reported that usability
evaluations were conducted by researchers. In a review by
Ellsworth et al [29], 29% (35/120) of the included articles
presented the description of the study evaluators responsible
for designing and carrying out the usability evaluation, but the
characteristics reported in primary studies were not provided.

Participants

Half of thereviewsincluded inthis scoping review did not refer
to the characteristics of the participantsincluded in the primary
studies reviewed. Of the reviews, 50% (10/20) reviews that
reported on any of the participants' characteristics, 4 reported
mean age or age range [36,41,46,49], 4 reported the gender of
participants [36,41,44,46], 8 reported the sample size
[35,36,39,41,42,46,47,49], and 7 reported on other
characteristics of participants by describing them as healthy
participants or as having a specific clinica condition
[36,37,39,41,44,46,49]. Nevertheless, 20% (4/20) reviews that
reported the age of the participants also reported that not all
primary studiesdetailed such information. Similar findingswere
reported for gender and sample size. No reference to sample
size calculation or rationale for deciding on sample size was
provided. Other characteristics of participants mentioned were
being healthy, having a specific clinical condition, belonging
to a specific occupational group (health care providers or
students), and previous experience with mobile devices.
Multimedia Appendix 1 presentsadescription of theinformation
provided within the included reviews.

Tasks

Only 2 of the 20 (10%) included reviews referred to the tasks
that participants were asked to perform for the usability
evaluation [46,49]. Simor et al [46] conducted a usability
evaluation for gesture-based games and reported that the games
and, consequently, the usability evaluation of each study had
different aims, target populations, interfaces, and details, but in
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the majority of the studies, the protocol used was presented.
Zapataet al [49] performed asystematic review on mobile health
apps and reported that 17 of the 22 primary studies included
reported the number of tasks performed by the users. The
number of tasks ranged between 1 and 25.

Methods and Techniques

Of the 20 systematic reviewsincluded, only 3 (15%) [ 33,40,41]
did not refer to the methods and techniques of usability used.
Among the inquiry methods, the questionnaires/scales (15/20,
75%) and interviews (12/20, 60%) were most commonly
reported. Among the test methods, the techniques of
performance (9/20, 45%) and think-aloud were the most
commonly reported (6/20, 30%; Table 3). Of the 20 reviews, 6
(30%) reported on combinations of techniques mentioning a
total of 22 different combinations of 4, 3, or 2 techniques. Most
combinationsinclude at least one technique from each method,
which indicates that a multimethod approach was used (Table
4). Among scal es/questionnaires, which constitute the technique
most often reported, the most common usability assessment
scaleswere the System Usability Scale[29,32,41-43,46,47] and
the Post-Study System Usability Questionnaire [41,42,46,47].
The other scales/questionnaires include the Questionnaire for
User Interaction Satisfaction [29,42,47], the Software Usability
Measurement Inventory [32,42], the Usefulness, Satisfaction,
and Ease of use Questionnaire [32,41], the Computer System
Usability Questionnaire [32,47], the After-Scenario
Questionnaire [46,47], the Perceived Useful and Ease of Use
[32], the IsoMetrics usability inventory [32], the Health
Information Technology Usability Evaluation Scale [32], the
user Mobile Application Rating Scale[32]; the IBM ease of use
[42], and the 1SO 9241-11 Questionnaire [43]. In addition,
several reviews have reported the use of nonvalidated
questionnaires [32,41,43,46]. One review reported that 26% of
the included studies used a remote assessment of usability,
where participants are in an uncontrolled environment [31].
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Table 3. Detailed techniques used for usability evaluation.

Study Test Inquiry
Performance  Observation  Think-aloud  Focusgroup  Interview Scales or Diary studies Card sorting
evaluation (n=3) (n=6) (n=3) (n=12) questionnaires  (n=1) (n=1)
(n=9) (n=15)
Allisonet a 0 _b — — — O — _
(2019) [31]
Azad- — — — — — O — _
Khaneghah et a
(2020) [32]
Bastien (2010) — — — — O — O —
[34]
Bhutkar et al ad — ad — O — — —
(2013) [35]
Cavalcantietal O — a — — O — _
(2018) [36]
Ellsworthetal — — — O O O — ad
(2017) [29]
Fernandezetal O — ad — O O — —
(2012) [37]
Fernandezetal O — ad O O O — —
(2011) [38]
Fueta (2017) O — — — — O — —
[39]
Klaasseneta [ g — — O O — —
(2016) [42]
Limeta (2019) O — — — O O — —
[43]
Narasmhaeta — — —_ — 0 O _ _
(2017) [44]
Shahand Chiew — ad — — O O — —
(2019) [45]
Simor et a — — — — O O — —
(2016) [46]
Sousa and — — — — — O — —
Lopez (2017)
[47]
Yen and — O O O O O — —
Bakken (2012)
(48]
Zapata et a O — g — O O — —

(2015) [49]

8Reported in the review.
BNot reported.
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Table 4. Detailed description of the combination of techniques used for usability assessment.

Techniques Study Multimethod
Cavalcantiet Fueta (2017) Ina etd Shah & Chiew  Simor et a Zapataet a
al (2018) [36] [39] (2020) [41] (2019) [45] (2016) [46] (2015) [49]

Observation + performance 0 N/AP N/A N/A N/A N/A o

evaluation + think-aloud +
scale/questionnaire

Observation + performance O N/A N/A N/A N/A N/A O
evaluation + scale/questionnaire

+ interview

Observation + scale/question- N/A N/A O N/A N/A N/A O
naire+ interview + diary studies

Performance evaluation + think- N/A N/A O N/A N/A N/A O
aloud + scale/questionnaire + in-

terview

Observation + performance N/A N/A O N/A N/A N/A O
evaluation + think-aloud + inter-

view

Performance evaluation + a N/A O ad N/A N/A O
scale/questionnaire + interview

Performance evaluation + N/A N/A O N/A N/A N/A O
scale/questionnaire + focus group

Performance evaluation + a N/A O N/A N/A N/A O
scale/questionnaire + observation

Performance evaluation + obser- N/A N/A O N/A ad N/A N/A
vation

Think-aloud + scale/question- N/A N/A O ad N/A N/A O
naire + interview

Think-aloud + scale/question- N/A g N/A N/A N/A N/A O
naire + interview

Scale/questionnaire + interview  N/A N/A O ad N/A N/A N/A
+ focus group

Observation + scale/question- g N/A g O N/A N/A O
naire + interview

Observation + scale/question- a a O N/A N/A N/A O
naire

Observation + interview N/A N/A N/A ad N/A N/A O
Performance evaluation + obser- [ N/A N/A N/A N/A N/A N/A
vation

Performance evaluation + O N/A a N/A N/A O ]
scale/questionnaire

Think-aloud + scale/question- N/A N/A a N/A N/A N/A ]
naire

Think-aloud +interview N/A N/A N/A 0 N/A N/A 0
Scae/questionnaire + interview [ N/A g O N/A O N/A
Scale/questionnaire + diary stud-  N/A N/A O N/A N/A N/A N/A
ies

Interview + focus group N/A N/A O N/A N/A N/A N/A

8Reported in the review.
BN/A: not applicable.
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Test Environment

Of the 20 reviews, 2 (10%) reported on the environment where
the usability assessment of the included studies took place. In
areview by Bhutkar et a [35], of the 17 studies that reported
on the test environment, 8 were conducted in hospitals, 5 in
intensive care units, and 4 in laboratories. |n addition, 31 of the
42 studiesreviewed by Inal et al [41], which focused on mobile
health interventionsfor mental health problems, reported having
conducted their usability testing in the natural environment of
the participants with the technology deployed in the everyday
environment of the intended users or their representatives. In
addition, thereview of Ellsworth et a [29] did not provide data
on the test environment; however, the test environment was an
inclusion criterion, asthey stated that they have included studies
that tested the usability of the hospital and clinic electronic
health records in the inpatient, outpatient, emergency
department, or operating room settings.

Discussion

Principal Findings

This scoping review of reviews aims to synthesize the
procedures used or reported for the different steps of the process
of conducting a user-centered usability assessment of digital
solutions relevant for older adults, to identify gaps in the
literature, and to identify the best practices for each of the
different steps. The results suggest that the characteristics of
study evaluators and participants and task procedures are only
briefly reported, and no agreement seemsto exist on what should
be reported. The methods and techniques used for the assessment
of user-centered usability are the topics most commonly and
comprehensively reported in the reviews, whereas the test
environment is seldom and poorly characterized. Despite our
aim of searching for reviews reporting on digital solutions
relevant for older adults, only one of the included reviews
specifically targeted older adults. This suggests that studies
using older adults are scarce and that the findings of this scoping
review also apply to usability studies with adults.

Our findings are in line with the review of Ellsworth et al [29],
who reported that several of the included studies described the
participants, but not the individual who conducted the usability
assessment (study evaluator). Thelevel of expertise and domain
experience, whether the study evaluator is external to the team
developing the product or service being assessed or, on the
contrary, is part of the team and potentially has a conflict of
interest when assessing usability, are examples of aspects that
have the potential to influence the results of the usability
assessment. Therefore, these should be reported by the authors.
Most of the techniques are complex procedures of usability
assessment; some of these depend on the interaction between
the participant and the study evaluator and, therefore, require
experience and knowledge to be assessed effectively.

The characteristics of the study participants most commonly
reported across reviewswere age and sex. However, these seem
insufficient for the reader to make a judgment regarding the
degree of similarity between the sample and the target end users.
Educational or digital literacy levelsarelikely to influence how
the participant perceives the usability of the system. For
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example, different subgroups of older adults may perceive the
usability of the same system differently [46]. Therefore, a
detailed characterization of physical, emotional, cognitive, and
digital skillsis needed for an appropriate interpretation of the
results of the usability evaluation in certain subgroups of older
adults. Furthermore, a detailed characterization of health
conditions might also be relevant [46]. These aspects will also
inform whether the sample used is representative of the end
users. The use of nonrepresentative users and, therefore, the
failure to consider their needs and preferences may result in
products with low usability [36]. In general, the sample sizes
aresmall, and no rationalefor the size of the sampleis provided.
The appropriate sample size for usability studiesis a matter of
debate, with some authors arguing that 4 or 5 participants are
enough to identify approximately 80%-85% of usability
problems[50-52], whereas others report that with these numbers
of participants only 35% of usability problems are determined
[53]. The type of interfaces, the tasks performed by the
participants, the context of use, and the state of technology
development may explain the differences between studies[34].
Furthermore, it isworth noting the definition of usability asthe
measure by which a product can be used by specific users to
achieve specific goas with effectiveness, efficiency, and
satisfaction [15]. Conceivably, small sample sizes may be
enough to detect usability problems but may be insufficient to
have a broader view of usability more in line with the present
definition.

Only 2 reviewsreported on the tasksthat partici pantswere asked
to perform to assess the usability of the product or service
[46,49], and both concluded that, in general, studies reported
on the protocol of the tasks used. Tasks vary depending on
several factors, such as study aims, target population, interfaces,
methods, and techniques used for usability assessment [46].
Nevertheless, the definition or selection of tasksthat participants
should perform should mirror the future use of the product or
service[34,40]. No principleswere found to guide the selection
of tasks. For example, should there be a minimum set of tasks
to be performed, should tasks require single or multiple steps,
or should there be a minimum amount of time that each
participant needs to spend using the product or service are
illustrative examples of issuesthat are not clear.

The methods and techniques used for the assessment of usability
have been consistently reported, and most reviews have found
that a combination of methods and/or techniques are usually
performed, in line with recommendations [19]. Different
methods and techniques have different strengths and limitations
[46] and, therefore, their combination is more likely to provide
acomprehensive view of usability problems[19]. For example,
scalesand questionnaires are easy to use and useful for gathering
self-reported data about the user’s perception but might have
limited value informing on which aspects of the system need
to be targeted for improvement [29,54]. Scales and
guestionnaires should be valid, but afew reviews have reported
the use of scales and questionnaires that are unlikely to have
been validated. Although there might be reasons to develop or
adapt a scale/questionnaire, this process must be followed by
evidence of its validity [41]. Interviews and observations are
recommended when the number of participantsissmall because
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both generate high amounts of data that are time-consuming to
analyze. Nevertheless, interviews can be useful to understand
thereasoning of the user when facing aproblem, and observation
gives an insight into the moment when a problem occurs [46].
It isargued that think-aloud protocols may result in the loss of
focus on the tasks being performed, whereas user performance
is an easy assessment, particularly in cases where the system
automatically records the performance indicators, but might
provide limited information if used alone [46]. The most
frequent multimethod combination described in the literature
isthetest and inquiry method combination; however, we found
no information in the included reviews regarding which
combination of techniques is the most sensitive and whether
this could vary depending on the development stage of the
product or service being evaluated. Furthermore, the
combination of techniques should allow for the assessment of
effectiveness, efficiency, and satisfaction, as these are all part
of usability.

Only 2 reviews reported on the test environment, but both
referred that most included studies reported usability testing to
have been conducted in thereal context. Nevertheless, wefound
no indication of how long the usahility assessment should be
conducted, that is, how long the participants should be allowed
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to use the product or service before assessing it, and whether
conducting the usahility assessment in areal context meansthat
the product or service was used in the circumstances that it is
expected to be used.

Recommendations and Future Research

The conducting of rigorous experiments on user-centered
usability is likely to result in increased sensitivity for these
experiments, that is, an increased ability to detect usability
issues. Devel oping a consensus framework islikely to improve
the quality of studies on usability evaluation and respective
reporting, improve comparability of usability results across
studies, provide digital solutions helping consumers and
producers to identify the best products, improve the efficiency
of the process of usability evaluation and facilitate further
research on the impact of usability on other outcomes, such
health-related outcomes. Textbox 1 presentsalist of parameters
that we believe should be considered when planning and
reporting user-centered usability studies. These parameters
provide guidance while also being flexible to accommodate
study differences regarding aspects such as study participants
or thedigital solution being assessed. At present, weareworking
on aDelphi-study aiming to establish an international consensus
on user-centered usability evaluation procedures.

Textbox 1. A proposed guide of aspects to consider when designing and reporting a user-centered usability evaluation study.

Study evaluator:

«  Providearationale for sample size

«  Clarify whether internal or external to product development

Participants:
« Providearationalefor sample size

« Defineclear inclusion and exclusion criteria

Methods and techniques:
« Providearationale for the combination of methods and techniques
«  Define equipment needed

o  Selectvalid and reliable instruments of assessment

Task:
«  Define the number
«  Provide adetailed description of tasks

« Develop aparticipant script

Test environment/equipment:

o ldentify facilities and material needed

«  Ensurethe existence of an observation room and recording room

«  Experience with usability evaluation with users (if none, plan training)

«  Establish clear inclusion and exclusion criteria (age, gender, educational level, and academic background)

«  Define sampling methods (probability/nonprobability) and setting of recruitment

« ldentify and justify the choice (Iab test or field test or both; remote test or face to face)

«  Ensurethe proper functioning of all equipment necessary for the test evaluation

http://humanfactors.jmir.org/2021/1/€22774/

JMIR Hum Factors 2021 | vol. 8 | iss. 1 |e22774 | p.40
(page number not for citation purposes)


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

JMIR HUMAN FACTORS

Limitations of This Scoping Review

Some limitations are directly related to the typology of this
review, such as the absence of assessment of the quality of the
included reviews and the quantitative summary of findings[55].
Usahility isalso atopic on which alarge number of publications
are published as conference proceedings, and such publications
were not specifically searched (selection bias). Nevertheless, it
islikely that by including mostly reviews published in journals
that these are more comprehensive, as conference proceedings
tend to have lower word counts for included papers. Abstracts
and full-text screening were performed first by 3 and 2 authors,
respectively, and after acommon understanding was built, only
1 reviewer screened the remaining abstracts and full papers.
Although we believe that this did not have a major impact on
the results, having only 1 person screening for inclusion might
have increased the possibility of error and of not including a
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potentially relevant study. The judgment made to decide whether
a manuscript was on a product or technology that could be of
use for older adults was a subjective judgment made by the
authors and could have biased the results toward the field of
health. Finally, no cross-checking of the primary studies
included in each review was made and, therefore, the same
primary studies could have been included in more than one
review.

In summary, wefound alack of adetailed description of severa
steps of the process of ng the usahility of digital solutions
and no evidence on good practices. These findings suggest the
need for a consensus framework on the assessment of usability
that informs researchers and alows standardization of
procedures. Furthermore, it highlights the need to investigate
whether different techniques of assessing usability are more
sensitive than others to detect usability issues.
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Abstract

Background: Health coaching is an intervention process for driving behavior change through goal-setting, education,
encouragement, and feedback on health-rel ated behaviors. Telehealth systemsthat include health coaching and remote monitoring
are making inroads in managing chronic conditions and may be especially suited for older populations.

Objective: Thisliterature review aimed to investigate the current status of health coaching interventionsincorporating telehealth
technology and the associated effectiveness of this intervention to deliver health care with an emphasis on older adults (aged 65
and older).

Methods: A literature review was conducted to identify the research conducted on health coaching combined with remote
monitoring for delivering health careto older adults. The Ovid MEDLINE and CINAHL databases were queried using acombination
of relevant search terms (including middle aged, aged, older adult, elderly, health coaching, and wellness coaching). The search
retrieved 196 papers published from January 2010 to September 2019 in English. Following a systematic review process, the
titles and abstracts of the papers retrieved were screened for applicability to health coaching for older adults to define a subset
for further review. Papers were excluded if the studied population did not include older adults. The full text of the 42 papersin
this subset was then reviewed, and 13 papers related to health coaching combined with remote monitoring for older adults were
included in this review.

Results: Of the 13 studies reviewed, 10 found coaching supported by telehealth technology to provide effective outcomes.
Effectiveness outcomes as