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Abstract

®
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Purpose of Review To provide a comprehensive review of usability testing of eHealth interventions for HIV.

Recent Findings We identified 28 articles that assessed the usability of eHealth interventions for HIV, most of which were
published within the past 3 years. The majority of the eHealth interventions for HIV was developed on a mobile platform and
focused on HIV prevention as the intended health outcome. Usability evaluation methods included eye-tracking, questionnaires,
semi-structured interviews, contextual interviews, think-aloud protocols, cognitive walkthroughs, heuristic evaluations and

expert reviews, focus groups, and scenarios.

Summary A wide variety of methods is available to evaluate the usability of eHealth interventions. Employing multiple methods
may provide a more comprehensive assessment of the usability of eHealth interventions as compared with inclusion of only a

single evaluation method.

Keywords Usability - eHealth - mHealth - HIV - Telemedicine - Digital health

Introduction

Approximately two-thirds of the population worldwide are con-
nected by mobile devices and more than three billion are
smartphone users [1, 2]. Even in limited-resource settings, there
is growing use of the internet and increasing accessibility to
internet capable technologies such as computers, tablets, and
smartphones [3, 4]. eHealth takes advantage of the proliferation
of technology users by delivery of health information and inter-
ventions though information and communication technologies.
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eHealth interventions can be delivered through a variety of tech-
nology platforms including mobile phones (mHealth), internet-
based websites, tablets, electronic devices, and desktop com-
puters [5]. With substantially rising numbers of internet and elec-
tronic device users, eHealth can reach patients across the HIV
care cascade, from HIV prevention and testing to medication
adherence for people living with HIV (PLWH) [6-11].

While there have been many promising eHealth HIV inter-
ventions, many of these have do not have reports of being de-
veloped using a rigorous design process nor rigorously evaluated
through usability testing prior to deployment. Lack of formative
evaluation may result in a failure to achieve usability, which is
broadly defined as “the extent to which a product can be used by
specified users to achieve specified goals with effectiveness, ef-
ficiency, and satisfaction in a specified context of use” [12]. The
core metrics of effectiveness, efficiency, and satisfaction can be
measured to determine the usability of health information tech-
nology interventions [13, 14]. In sum, usability is a critical deter-
minant of successful use and implementation of eHealth inter-
ventions [15]. Without evidence of usability, an eHealth interven-
tion may result in frustrated users, reduced efficiency, increased
costs, interruptions in workflow, and increases in healthcare er-
rors, which can hinder adoption of an eHealth intervention [16].
Given the importance of assessing the usability of health infor-
mation technology interventions and the growing development
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of HIV-related eHealth interventions, this paper presents a review
of the published literature of usability evaluations conducted dur-
ing the development of eHealth HIV interventions.

Methods

Our team conducted a comprehensive search of usability eval-
uations of eHealth HIV interventions using Pubmed, Embase,
CINAHL, IEEE, Web of Science, and Google Scholar (first 10
pages of results). The search was limited to English language
articles published from January 2005 to September 2019. An
informationist assisted with tailoring search strategies for on-
line reference databases. The final list of search terms included
eHealth, mHealth, HIV, telemedicine, intervention or imple-
mentation science, user testing, user-centered, effectiveness,
ease of use, performance speed, error prevention, heuristic,
and usability. We included studies that measured and reported
usability evaluation methods of eHealth HIV-related interven-
tions. We excluded studies based on the following criteria: (1)
did not focus on an eHealth intervention; (2) did not focus on
HIV; (3) focused on an eHealth HIV intervention without
providing information on the usability of the intervention;
(4) articles that were systematic reviews, conference posters,
or presentations; (5) articles not published in English.

Two authors (RD, JG) divided the online reference data-
bases and conducted the initial title/abstract review. All arti-
cles recommended for full text review were recorded in an MS
Excel spreadsheet. The two investigators then independently
reviewed 128 full texts of all selected articles from the title/
abstract review (see Fig. 1). Any discrepancies regarding arti-
cle inclusion for the review were discussed by the two inves-
tigators until consensus was reached.

Results

We located 28 studies which included usability evaluations of
eHealth HIV interventions (see Table 1), the majority (71%,
n =20) of which were published within the past 3 years. More
than half of studies (57%, n = 16) used more than one method
of evaluation to assess the usability of the eHealth interven-
tions. Platforms for the delivery of intervention varied: mobile
applications (68%, n=19), websites (25%, n=7), and
desktop-based programs (7%, n=2). Two included articles
evaluated mVIP, using different usability methods for each
article [18, 20°]; and two included articles evaluated
MyPEEPS Mobile, using different usability evaluation
methods in each article [19, 21].

The target populations for the eHealth interventions includ-
ed healthy youth participants (39%, n = 11), people living with
HIV (39%, n=11), healthy adults, including men who have
sex with men (MSM) (21%, n =6), and health professionals
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(7%, n = 2). The eHealth interventions also focus on a variety
of topics including HIV prevention (54%, n = 15), ART med-
ication adherence (22%, n=6), and health management for
PLWH (21%, n=6).

Our findings are organized by usability evaluation
methods. The methodological approach is detailed in
Table 2. The narrative describes how each study operational-
ized the usability evaluation method.

Eye-Tracking

Eye-tracking was utilized by Cho and colleagues to evaluate
usability mVIP, a health management mobile app. Gaze plots
illustrating eye movements of participants were reviewed along
with notes of critical incidents during task completion.
Participants were asked to watch the recording of their task
performance and verbalize their thoughts retrospectively.
Participant difficulty with a task in the app was characterized
with long eye fixation or distractive eye movements. For further
insight behind the unusual eye movements, a retrospective
think-aloud protocol was conducted among participants. This
combination of methods allowed Cho and colleagues to deci-
pher eye movements and further understand participants’ ex-
pectations of where information should be in the app. For ex-
ample, one identified usability problem was placement of the
“continue” button in the app when displayed on a mobile de-
vice. Due to the small screen of a mobile device, participants
had to scroll down to find the “‘Continue” button. To resolve the
placement issue, Cho and colleagues transitioned the mVIP app
from a native app to a mobile responsive web-app [19].

In another study by Cho and colleagues, they evaluated the
MyPEEPS Mobile intervention using eye-tracking and a retro-
spective think-aloud. The combination of eye-tracking and a ret-
rospective think-aloud allowed for the identification of critical
errors with the system and the time spent on each task. By ana-
lyzing participant fixations on the problem areas of the app, the
study team was able to identify critical usability problems [21].

Questionnaires

The majority of studies (68%, n = 19) included questionnaires as
part of their usability evaluation of the eHealth intervention [10,
17,19, 21, 24, 26, 27, 29, 30, 33-36, 38-43]. The complete list
of validated questionnaires is described in Table 3. Among the
studies that only utilized a single usability assessment (32%, n =
9), a questionnaire was always used [26, 27, 29, 35, 36, 39, 40,
42,43]. Many different types of questionnaires were used includ-
ing Health Information Technology Usability Evaluation Scale
(Health-ITUES) [10, 17+, 19, 21, 38], Computer System
Usability Questionnaire (CSUQ) [41], Website Analysis and
Measurement Inventory (WAMMI) [24], System Usability
Scale (SUS) [30, 39, 40], and Post-Study System Usability
Questionnaire (PSSUQ) [19, 33, 34, 38]. Notably, a study by
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Fig. 1 Flowchart of article
selection

Search results: N=1,230

Google Scholar (n = 100)
Pubmed (n=521)
Embase (n=335)
CINAHL (n=97)

Web of Science (n=167)

IEEE (n=10)

Excluded (n=1103)

v

based on title abstract review

N=128
Full text review

Excluded (n=100)

(1) Did not focus on HIV (n=6)
(2) Focused on an eHealth HIV intervention

v

without providing information on the
usability of the intervention (n=37)
(3) Articles that were systematic reviews,
conference posters, or presentations
(n=33)
(4) Duplicates (n=24)

N=28

Included articles in the review

Stonbraker and colleagues used two different surveys, Health-
ITUES and PSSUQ, among end-users in combination with a
heuristic evaluation, think-aloud, and scenarios methods to eval-
uate the Video Information Provider-HIV-associated non-AIDS
(VIP-HANA) app. This method provided feedback on overall
usability. The end-users rated the app with high usability scores
on both questionnaires [38].

Semi-structured Interviews

Semi-structured interviews were conducted by 18% (n = 5) of the
included studies [22, 24, 25, 31, 42]. Interviews were conducted
to evaluate a variety of technological platforms including mobile
applications, websites, and a desktop-based curriculum. This us-
ability evaluation method was primarily conducted with end-
users [22, 24, 31, 42]. One unique study by Musiimenta and
colleagues conducted semi-structured interviews to evaluate an
SMS reminder intervention with both study participants and so-
cial supporters encouraging ART adherence [25]. This method
provided in-depth details of an end-user’s experience with the
intervention. One participant reported that they felt motivated

when getting text messaging notifications: “I also like it [SMS
notification] because when I have many people reminding me it
gives great strength. My sister calls me when she receives an
SMS reminder and asks why I didn’t swallow.” Findings from
the semi-structured interviews led to the conclusion that the
eHealth intervention was generally acceptable and feasible in a
resource-limited country.

Contextual Interviews

Contextual interviews were conducted in only three studies
[22, 37, 44]. This method was used with end-users in all three
studies. Two of these studies were conducted in a low-
resource setting [22, 44]. The study by Coppock and col-
leagues conducted two rounds of contextual interviews to ob-
serve pharmacists use a mobile application during clinical
sessions [22]. Ybarra and colleagues used the usability evalu-
ation for a website targeting risk reduction among with ado-
lescents [44]. The study by Skeels and colleagues had ob-
served end-users work through CARE+, a tablet-based appli-
cation [37].
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Think-Aloud

The think aloud method was used by 43% of studies (n = 12)
[17,19,20e, 21, 24, 25, 28, 33, 34, 38, 41, 44]. This method
was used to evaluate usability of websites and mobile appli-
cations. The study by Beauchemin and colleagues used the
think aloud method to evaluate both a mobile app with an
electronic pill bottle [17¢]. All studies conducted the think
aloud protocol among end-users. Five studies conducted the
method with both end-users and experts.

Cognitive Walkthrough

One study by Beauchemin and colleagues conducted a cogni-
tive walkthrough in combination with a think-aloud and heu-
ristic evaluation to assess the usability of the WiseApp, a
health management mobile application linked to an electronic
pill bottle [17¢]. There were 31 tasks in total and 61% were
easy to complete tasks, requiring less than 2 steps on average
to complete. The tasks that were more difficult were related to
finding a specific item within the mobile application. For ex-
ample, participants reported that the “To-Do” list was hard to
locate on the home screen. This feedback was incorporated as
iterative updates to the app and onboarding procedures for
future end-users of the app.

Heuristic Evaluation and Expert Reviews

Multiple studies (21%, n = 6) conducted a heuristic evaluation
with experts in combination with other usability evaluation
methods [17, 19, 20e, 33, 34, 38]. Majority of studies that
used a heuristic evaluation used a think-aloud protocol with
experts as they completed tasks using the eHealth program.
All studies were using a heuristic evaluation to measure us-
ability for mobile applications. All studies used a think-aloud
protocol with five experts as they completed tasks using the
eHealth program. The results from this method included feed-
back which mainly focused on interface design, navigability,
and functionality issues and recommendations based in exper-
tise to resolve these issues.

Focus Groups

Focus groups were conducted by 18% (n =5) of all included
studies [18, 23, 28, 32, 44]. Four studies evaluated mobile
applications [18, 23, 28, 32] and one study evaluated a website
[44]. The studies conducted between two and four focus
groups, ranging from 5 to 12 participants. Sabben and col-
leagues conducted focus groups with participants and their
parents to evaluate a risk reduction mobile application for
healthy adolescents [32]. The focus groups divided parents
up by the age of their children [32]. The results from this
method revealed positive feedback and acceptability among

participants and lack of safety concerns associated with appli-
cation from parents.

Scenarios

Five studies used scenarios to evaluate usability of mobile
applications with end-users and experts [19, 20e, 33, 34, 38].
These studies employed case scenarios that reflected main
functions of the system and used the same scenarios for both
end-users and experts. This evaluation method was consistent-
ly used in the context of a heuristic evaluation and think aloud
methods to obtain qualitative data on usability from experts
and end-users. This method would not be possible to execute
in conjunction with methods that did not involve direct inter-
action with the system, such as a questionnaire or focus group
discussion taking place after using the system.

Discussion

This paper provides a broad overview of some of the most
frequently employed usability evaluation methods. This sum-
mary provides a compilation of methods, which can be con-
sidered in the future by others in the development of eHealth
interventions. Most of the studies used multiple usability eval-
uation methods for the evaluation eHealth HIV interventions.
Questionnaires were the most frequently used method of us-
ability evaluation. In cases where only one usability evalua-
tion was conducted, the questionnaire was the preferred
method.

Questionnaires can be quick and cost-effective tools
to quantitatively assess one or two aspects of usability
and therefore are frequently used. However, they cannot
provide a comprehensive evaluation of usability issues
and instead simply provide a score to indicate the level
of usability of an eHealth tools. Therefore, both quanti-
tative and qualitative methods are recommended for
evaluating complex interventions, such as eHealth inter-
ventions targeting HIV [55]. Questionnaires should be
used in conjunction with other validated methods, such
as a cognitive walkthrough, as part of a multistep pro-
cess to evaluate usability. If questionnaires are used
alone, the overall usability can be determined but it is
nearly impossible to identify the issues in the technolo-
gy which need to be changed in response.

Cognitive walkthrough is an underutilized evaluation
method within our review. This method specifically evaluates
end-user learnability and ease of use through a series of tasks
performed using the system. This method can pinpoint chal-
lenging tasks or complicated features associated with an
eHealth intervention [17, 49, 50].
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Table2  Overview of usability evaluation methods
Usability Description Strengths Limitations
evaluation
method
Eye-tracking Eye-tracking involves a device recording  This method can provide information about This method cannot tell you the intent
[45] the motion of the eye as a participant the duration of the participant’s focuson  behind a participant’s gaze. Eye-
views the eHealth intervention. The a spot, movement of the participant’s tracking cannot capture peripheral vision
device traces the pupil movement within  focus, specific items on the screen that such that you cannot be certain that the
the eye and determines the direction and ~ draw attention, and participant’s participant did not see an item outside
focus of the participant’s gaze. navigation of the page. With this the immediate scope of vision. It can be
method, researchers can compare expensive as software is required to
patterns of eye movements among track eye motion and it may require
participants. specialists to conduct eye-tracking
sessions and interpret the results.
Questionnaires A questionnaire involves participants Validated questionnaires can be quick and Questionnaires cannot identify which
[46] scoring items using a predetermined easy to administer to participants. It can components of the technology need to

scale. There are numerous standardized
and validated questionnaires to
quantitatively evaluate usability of
eHealth interventions.

Semi-structured interviews involve a
face-to-face interview focusing on
usability-related topics such as
functionality, navigability, and ease of
use of the eHealth intervention.

Semi-structured
interviews
[47, 48]

Contextual
interview
[45]

A contextual interview is a usability
assessment that involves observation of
end-users as they work with the eHealth
program in their own environment.

Think-aloud
[15, 49]

The think-aloud method is a usability
assessment that gathers information on
functionality, navigability, and ease of
use while end-users interact with the
eHealth intervention technology. End
users and/or experts (as part of a
heuristic evaluation) express their
thoughts and questions in real time as
they perform tasks, allowing the
observers to see the cognitive processes
associated with task completion. During
the think-aloud, trained research staff
usually uses software to record the
end-user’s responses including verbal
comments and physical responses such
as eye movements during this
assessment.

A cognitive walkthrough determines
whether the end-user’s background
knowledge and the technological cues
embedded in the computer system
interface are enough to facilitate
successful completion of a task. This
method evaluates of the learnability of
the eHealth tool. The method involves a
monitored task simulation with the
end-user going through the sequence of
actions necessary to complete a task.

Cognitive
walkthrough
[49, 50]

@ Springer

differentiate between a usable vs.
unusable systems.

These interviews are useful for gathering
information regarding an individual’s
attitudes, beliefs, practices, and
experiences. The confidential setting of
an interview allows for the interviewer

to ask sensitive questions about social or

personal experiences.

This method allows researcher to identify
issues that users are facing and learn
more about the setting of the user
environment; researchers are able to

ascertain the speed of internet, the layout

of the space, and what additional
resources are needed for optimal use of
the eHealth program.

This method provides insight into usability
flaws by identifying actual problems
encountered by end-users and the causes
underlying the encountered problems.

A cognitive walkthrough focuses on
cognitive actions such as identifying
icons and behavioral or physical actions
such as mouse clicks needed for task
completion. This method can identify
usability problems that can hinder
completion of a task and especially
useful when developing technology for
populations with low literacy.

be fixed and the scoring systems for
questionnaires can be complex.

The limitations of this approach are that it
requires preparation time to design
questions and probes and potential cost
to train the interviewer.

Researcher needs to travel to the user
environment to conduct the contextual
interview. This method provides data
based only on researcher observations.

An expensive evaluation method as
recording software is involved. In
addition, this method can only reveal
usability problems of the specific tasks
given to end-users.

The limitations of this approach include
time for intensive preparation needed to
detail correct sequence of actions needed
to complete a task. These written
sequences may limit the usability
evaluation of the whole eHealth system.
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Table 2 (continued)

Strengths

Limitations

Usability Description

evaluation

method

Heuristic A heuristic evaluation is a method
evaluation involving a small group of experts to
and expert evaluate the user interface design against
review [15, a list of usability principles. The
49] heuristic principles include the

following: (1) simple to use and natural
dialog, (2) speak the end-user’s
language, (3) minimize end-user’s
memory load, (4) be consistent, (5)
provide feedback, (6) provide clearly
marked exits, (7) provide shortcuts, (8)
provide good error messages, (9)
prevent errors, and (10) provide help and
documentation. The purpose of the
heuristic evaluation is to uncover
usability problems of the eHealth
technology by identifying unmet
usability principles. The think-aloud
method, scenarios, and cognitive
walkthrough may be used with experts
as part of the heuristic evaluation.
Focus groups are a moderated discussion
on a range of preset topics that comprise
approximately 5 to 10 participants from
the target population. Consideration
should be taken to conduct a focus group
among participants who are
representative of the target population.
When recruiting participants, it is
important to consider specific traits of
the target population such as age,
experience, gender, education.
Scenarios are used to situate tasks in
realistic settings for the use of an eHealth
program. The scenarios contain key
tasks to provide representative data on

Focus group
discussion
[45]

Scenario [45]

This method can provide quick feedback
and experts can provide suggestions to

correct any problems related to usability.

Focus groups are a way to assess attitudes,

beliefs, knowledge, practices, desires,
and reactions to topics.

This method shows how the end-user
accomplishes a task and gives
information on whether the interface
facilitates completing the scenario.

Multiple experts may be hard to recruit and
potentially expensive. There may be a
lack of consistency or overlap in
detected usability problems between
experts.

The content from the focus groups
discussions cannot be verified. In
addition, the setting of a group may
influence the way that respondents
speak about topics.

Poorly written scenarios can lead to poor
usability data. This method requires a
trained facilitator and intensive
preparation time to create the scenarios.

usability of the system. These tasks
should encourage an action without
providing instructions on how to use the
interface.

Scenarios must be used in the context of
the think-aloud method and heuristic
evaluation to obtain feedback from both
end-users and experts.

Future research should consider incorporating multiple
methods as part of their overall usability evaluation of
eHealth interventions.

When using multiple usability evaluation methods, there is
potential to get varying results. One study by Beauchemin and
colleagues conducted a Health-ITUES questionnaire with
both end-users and experts to evaluate WiseApp, a mobile
application linked to an electronic pill model [17¢]. The ex-
perts gave the eHealth intervention a lower score, emphasiz-
ing design issues, compared with end-users [19]. The authors
then used a think-aloud method and cognitive walkthrough for
further clarification on the cited issues [17¢].

Another study by Stonbraker and colleagues assessed the
usability of the VIP-HANA app, a mobile application targeting

symptom management for PLWH, with both end-users and
experts. The researchers used multiple usability evaluation
methods including heuristic evaluation, think aloud, scenarios,
and two questionnaires. The heuristic evaluation with experts
indicated that there were design issues and the area needing the
most improvement was the navigation between sections in the
app and adding a help feature In contrast, end-users did not
comment on the lack of a back button. Further, end-users indi-
cated that app features needed to be more clearly marked rather
than specifying a need for a help feature. The combination of
multiple usability methods allowed for detailed identification of
usability concerns and the researchers were able to refine the
app to make it more usable while reconciling the experts and
the end-users feedback [33].
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Table 3  Types of validated questionnaires commonly used to evaluate usability of eHealth interventions
Questionnaires Description Benefits and challenges

System Usability Scale (SUS)
[51]

Health Information Technology
Usability Evaluation Scale
(Health-ITUES) [52¢¢]

Post-Study System Usability
Questionnaire (PSSUQ) [53]

Website Analysis and
Measurement Inventory
(WAMMI) [46]

A widely used and quick usability assessment scale.
Participants are asked to score 10 items with a 5-point
scale ranging from strongly agree to strongly disagree.

The overall score can be complex to interpret. This is
meant to be a quick and rough estimate of perceived
usability.

A customizable usability assessment instrument where the This questionnaire is customizable to health system and
participants are asked to score 20 items with a 5-point the needs of a study. However, it is one of the longer
scale ranging strongly disagree to strongly agree. The questionnaires to administer.
questionnaire is comprised of four subscales: (1) quality
of work life, (2) perceived usefulness, (3) perceived ease
of use, and (4) user control.

The PSSUQ consists of 19 items rated on a 7-point scale
ranging from strongly agree to strongly disagree and
includes an additional option for “not applicable” (N/A).
The questionnaire addresses the following components
of usability: quick completion of work, ease of learning,
high-quality documentation, high quality online
information, functional adequacy, rapid acquisition of
usability experts, and rapid acquisition of several
different user groups.

The WAMMI questionnaire uses a standardized 20-item
assessment to evaluate user experience and assesses user
satisfaction. The participants rate items on a 5-point scale
from strongly agree to strongly disagree. The items are

There is a 7-point scale which allows end-users to give a
nuanced response compared to the 5-point scale.

This instrument is specifically recommended for use
with websites and is one of the longer assessment
tools that are available.

scored to produces five subscales measuring
attractiveness, controllability, efficiency, helpfulness,

and learnability of the website.
IBM Computer System
Usability Questionnaire
(CSUQ) [54]
scale, ranging from 1 to 7.

A scenario- based psychometric questionnaire developed to  This is a 7-point scale which allows end-users to give a
assess subjective usability and end-user’s reactions to the
eHealth intervention. Participants rate items on a Likert

nuanced response compared with the 5-point scale.
This instrument can be used within scenario-based
usability.

Several limitations should be considered when reading this
review. Measures were taken to build comprehensive search
strategies and were created under the guidance of an
informationist. However, the results from the search strategies
may not include all eligible studies. In addition, publication
bias should be considered when conducting a systematic re-
view as we may have missed relevant unpublished work.

Conclusions

In summary, this paper provides a review of the usability
evaluation methods employed in the assessment of eHealth
HIV interventions. eHealth is a growing platform for delivery
of HIV interventions and there is a need to critically evaluate
the usability of these tools before deployment. Each usability
evaluation method has its own set advantages and disadvan-
tages. Cognitive walkthroughs and eye-tracking are
underutilized usability evaluation methods. They are both use-
ful approaches which provide detailed information on the us-
ability violations and guidance on key factors which need to
be fixed to ensure the efficacious use of eHealth tools. Further,

@ Springer

given the limitations of any one usability evaluation method,
technology developers will likely need to employ multiple
usability evaluation methods to gain a comprehensive under-
standing of the usability of an eHealth tool.
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