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Abstract

Background: The number of eHealth applications has exponentially increased in recent years, with over 325,000
health apps now available on all major app stores. This is in addition to other eHealth applications available on
other platforms such as PC software, web sites and even gaming consoles. As with other digital applications,
usability is one of the key factors in the successful implementation of eHealth apps. Reviews of the literature on
empirical methods of usability testing in eHealth were last published in 2015. In the context of an exponentially
increasing rate of App development year on year, an updated review is warranted.

Objective: To identify, explore, and summarize the current methods used in the usability testing of eHealth
applications.

Methods: A scoping review was conducted on literature available from April 2014 up to October 2017. Four
databases were searched. Literature was considered for inclusion if it was (1) focused on an eHealth application
(which includes websites, PC software, smartphone and tablet applications), (2) provided information about
usability of the application, (3) provided empirical results of the usability testing, (4) a full or short paper (not an
abstract) published in English after March 2014. We then extracted data pertaining to the usability evaluation
processes described in the selected studies.

Results: 133 articles met the inclusion criteria. The methods used for usability testing, in decreasing order of
frequency were: questionnaires (n=105), task completion (n=57), ‘Think-Aloud’ (n=45), interviews (n=37),
heuristic testing (n=18) and focus groups (n=13). Majority of the studies used one (n=45) or two (n=46)
methods of testing. The rest used a combination of three (n=30) or four (n=12) methods of testing usability.
None of the studies used automated mechanisms to test usability. The System Usability Scale (SUS) was the
most frequently used questionnaire (n=44). The ten most frequent health conditions or diseases where eHealth
apps were being evaluated for usability were the following: mental health (n=12), cancer (n=10), nutrition
(n=10), child health (n=9), diabetes (n=9), telemedicine (n=8), cardiovascular disease (n=6), HIV (n=4), health
information systems (n=4) and smoking (n=4). Further iterations of the app were reported in a minority of the
studies (n=41). The use of the ‘Think-Aloud’ (Pearson Chi-squared test: x2=11.15, p< 0.05) and heuristic
walkthrough (Pearson Chi-squared test: y2=4.48, p< 0.05) were significantly associated with at least one further
iteration of the app being developed.

Conclusion: Although there has been an exponential increase in the number of eHealth apps, the number of
studies that have been published that report the results of usability testing on these apps has not increased at an
equivalent rate. The number of digital health applications that publish their usability evaluation results remains
only a small fraction. Questionnaires are the most prevalent method of evaluating usability in eHealth
applications, which provide an overall measure of usability but do not pinpoint the problems that need to be
addressed. Qualitative methods may be more useful in this regard. The use of multiple evaluation methods has
increased. Automated methods such as eye tracking have not gained traction in evaluating health apps. Further
research is needed into which methods are best suited for the different types of eHealth applications, according
to their target users and the health conditions being addressed.
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Introduction

eHealth is emerging as a key sector for delivering health in UK. There are government calls to enable this, and
funding is being made available for national and regional programmes to expand the use of eHealth. This is
outlined in the National Health Service (NHS) Five Year Forward View, which aims to put together "An
expanding set of NHS accredited health apps that patients will be able to use to organise and manage their own
health and care”[1]. In the recently released NHS Long Term Plan, one of the stated aims is for digitally
enabled care to go mainstream across the NHS. This includes working with the wider NHS, the voluntary sector,
developers, and individuals in creating a range of apps to support particular conditions [2]. There has also been
simultaneous phenomenal growth in the eHealth application market. A recent report stated that there were over
3.7 billion downloads of mobile health applications in 2017, an increase of 16% from the year before. There
were 325,000 health apps (health & fitness and medical apps) available on all major app stores, with, 78,000
new health apps have been added to major app stores in 2017 alone [3]. However, fitting digital solutions onto
health problems is not an easy task. Attempts to scale up digital health implementations from pilots and
demonstrators have proven to be difficult or in some cases, unsuccessful [4-6].

According to a report published by the Institute of Medicine, "usability and health literacy strategies should
guide the development of mHealth apps"[7]. Usability has been identified as a key component of good practice
in the development of digital applications [8], and a number of published standards have identified usability as
an essential criteria for the assessment of digital applications in health, such as the NHS Digital Assessment
Questionnaire [9], the guidance from the Medicines and Healthcare products Regulatory Agency [10], the
Organisation for the Review of Care and Health Applications [11], and Our Mobile Health [12]. The
International Organization for Standardization has defined usability as, “the extent to which a product can be
used by specified users to achieve specified goals with effectiveness, efficiency and satisfaction in a specified
context of use” [13]. Usability becomes a vital factor in the adoption of digital health applications, as the
people who need to use them may have problems when using mobile devices due to their health conditions [§].
There is a need to ensure that health technologies are appropriately designed and targeted to the end-users’
needs before they are used as health interventions [14]. This can be achieved by applying robust methods of
evaluation to ensure good usability. Conducting usability evaluation on eHealth applications will have enormous
value for patient benefit, as better usability can lead to a number of benefits, including improved productivity,
enhanced user well-being, avoidance of stress, increased accessibility and reduced risk of harm, which is stated
in the International Standards Organization standard for Ergonomics of Human Computer Interaction (ISO
9241-210) [15]. Another benefit would be greater acceptance, as clinicians’ acceptance of and attitudes towards
EHR systems have been shown to relate closely to system usability [16—18].

In 2014, Zapata et al reviewed empirical usability methods for mobile applications, in health, analysing 22
studies [8]. They identified several areas for further research including; (a) a combination of two or more
different types of usability methods, (b) automation of usability evaluation methods, (c¢) adoption of iterative
usability evaluation processes and (d) validation of the reliability of the evaluation methods employed. At the
time of that review, the number of medical applications in app stores was estimated at 28,000 (20,000 iOS and
8,000 Android). Since then, the number of available health apps has increased more than tenfold. It is very
likely that the health conditions they address, the publication channels for usability studies, and perhaps the
types of usability evaluation methods employed have changed or broadened. Thus, it is time to re-investigate
how usability testing methods for eHealth applications are described in the literature published since April 2014.

The aim of this study was to identify, explore, and summarise the current state of the literature on usability
testing of eHealth applications since 2014 through a scoping review. We chose to do a scoping review as our
aim is to map the literature or evidence rather than seek to answer a specific question by only looking for the
best available information, as defined in the Joanna Briggs Institute reviewers' manual 2015: Methodology for
JBI scoping reviews [19]. This is similar to the mapping studies in software engineering described by
Kitchenham [20].

We used the following research questions to guide our review: (1) What is the current state of the literature that
addresses usability testing for developing eHealth applications? (2) What are the usability testing methods that
are being used in the development of eHealth applications? (3) What health conditions / diseases are being
addressed by the apps that employ usability testing? (4) What types of people are being recruited to be the
participants in the usability tests? (4) How has the number of published studies regarding usability testing of
eHealth applications changed over time? (5) What are the types of journals where usability evaluations of



eHealth applications are reported? And (6) How many of the published studies employed an iterative
development method?

The inclusion of a usability section in the NHS Digital Assessment Questionnaire for apps seeking to be
included in the NHS apps library is proof that usability evaluation is a crucial part for acceptance of eHealth
apps into the healthcare system. Thus, knowledge about the proper use of the methods of usability testing will
be useful for developers, commissioners, healthcare professionals, patient participation groups and other
researchers. It will provide an overview of the state of usability evaluation in eHealth as reported in the
literature. This can then provide a guide for developers, as well as inform the other eHealth stakeholders about
the methods used for usability evaluation.

Our main aim is to investigate what academia has contributed to the employment of usability evaluation
methods in the development of eHealth. We are conscious that a lot of eHealth app development is done outside
of academia — but in the context of increasing policy standards, governance bodies are looking for evidence-
based standards, with peer-reviewed evidence, being the gold standard[21]. This review of the peer-reviewed
literature will provide a baseline for that process.

Materials and methods
We selected a systematic scoping review as the method, keeping in mind that our aim was to map the literature
on usability testing in eHealth since 2014.

Information sources

We examined a variety of information sources, searching four electronic databases from medicine, nursing,
allied health, computer and engineering sciences: The Association for Computing Machinery Digital Library
(ACM DL), the Cumulative Index to Nursing and Allied Health Literature (CINAHL), the Institute of Electrical
and Electronics Engineers (IEEE) Xplore Digital Library, and Medline / PubMed.

Search strategy

The search strategy was developed by one of the authors (IM). The general search terms were eHealth, mHealth
and usability. Searches were conducted between the months of June 2017 and November 2017 for articles up to
31 October 2017.

For Medline / PubMed, the following search string was used:

(("telemedicine"[MeSH Terms] OR "telemedicine"[All Fields] OR "ehealth"[All Fields]) AND usability[All
Fields]) OR (("telemedicine"[MeSH Terms] OR "telemedicine"[All Fields] OR "mhealth"[All Fields]) AND
usability[All Fields])

For all other databases, this search string was employed:

(ehealth OR mhealth or telemedicine) AND (usability)

Inclusion and exclusion criteria
Any literature about eHealth applications using empirical methods of usability testing published between April
2014 and October 2017 was considered. Literature was considered for inclusion if it met the following criteria:

IC1. The paper is focused on an eHealth application, which includes websites, PC software, smartphone and
tablet applications.

IC2. The paper provides information about usability of the application.

IC3. The paper provides empirical results.

IC4. The paper evaluates an application for final users, not just a wireframe or low fidelity prototype.
IC5. The paper must be a full or short paper (not an abstract).

Studies were excluded if:

ECI1. The paper is not written in English.

EC2. The paper was published after October 2017 or before April 2014

EC3. The paper evaluates a medical device, or smart device, a service, a smartphone or tablet feature (not an
app), or software that is not an eHealth application.



EC4. The paper is not a primary empirical study of an eHealth application (e.g. a review or theory paper).

ECS5. The paper does not adequately describe the methods used for usability evaluation or does not report the
results of the usability evaluation or is an evaluation of a low fidelity prototype or wireframe, or is only the
research protocol of a usability evaluation, or is not a full paper (e.g. poster or abstract).

Search results and selection of literature

One author (IM) searched the four selected databases which yielded 1420 individual articles for possible
inclusion in this scoping review. After removing the duplicate citations (n=140), the same author reviewed the
titles and abstracts of 1280 citations for inclusion, which resulted in the removal of another 1104 papers. The
full text of each of the remaining 176 articles was then screened by IM using the inclusion/exclusion criteria,
yielding a final sample of 133 papers, all of which were from published, peer-reviewed literature. Fig. 1 shows
the systematic process followed for identifying and selecting literature.

ACM DL
2014-2017
38 Citation(s)

CINAHL
2014-2017
233 Citation(s)

IEEE Xplore
2014-2017
700 Citation(s)

PubMed
2014-2017
449 Citation(s)

1280 Non-Duplicate

Citations Screened

1104 Articles Excluded
After Title/Abstract Screen

Inclusion/Exclusion
Criteria Applied

176 Articles Retrieved

40 Articles Excluded
After Full Text Screen

3 Articles Excluded

During Data Extraction

Inclusion/Exclusion

Criteria Applied

133 Articles Included

Figure 1. Flowchart of article selection.

Data extraction and categorisation

General and specific information about the 131 articles was extracted including: title of the article; author’s
name; source of publication; publication year; country of origin; health condition / disease addressed by the

app ; whether the app was for patient self-management, behavioural change, patient education, or stored /
transferred clinical data ; if the app was used in primary, secondary or home care ; the type of usability testing
method used ; the type of questionnaire used and if a reference to published literature about the questionnaire
was included; the nature of the participants in the usability testing; whether a citation for the chosen sample size
was included ; whether qualitative methods were employed and if so, what type; the device platform of the
eHealth application under study; and whether iterative methods were used for the app after usability testing.

Data extracted from each article were recorded on a computer worksheet (Excel and Libreoffice) in order to
categorise and compare characteristics, as well as to prepare the data for export to .CSV format for analysis with



statistical software. As this was a scoping review and the focus was on mapping the methods used and not the
best available evidence, critical appraisal of the selected articles was not performed.

Analysis

We cleaned the dataset using GNU PSPP and performed quantitative analysis using the R statistical
programming software. We calculated descriptive statistics, consisting mostly of frequency tables for the
categorical variables. We summarised the findings from the selected articles to answer the research questions
that guided this study.

Results

Summary of the selected literature

We identified 133 articles for this scoping review after applying the inclusion and exclusion criteria. Research
based articles comprised 93.9 % (n=125) of the selected literature. The dates of publication ranged from 2014 to
2017, with the majority (88.72%, n=118) published in 2016-2017. The most commonly used methods for
usability testing were questionnaires, task completion, “Think-Aloud” protocol, interviews, heuristic testing and
focus groups. A majority (67.17%) of studies used at least two methods of usability testing. The five most
frequent diseases or health conditions where usability evaluations are being applied were mental health, cancer,
nutrition, child health and diabetes. A majority of the applications (75.9%, n=101) were evaluated by real users:
patients, health care professionals (doctors, nurses, etc), or caregivers. Only a small number (6%, n=8) of
applications were evaluated by heuristics experts alone. Most of the studies (64.66%, n=86) were published in
health informatics journals, with the remaining studies published in medical, allied health, computing and
engineering journals. A little less than a third (30.08%, n=41) of the studies reported at least one more iteration
of the application being developed after the usability testing. We also identified the intended user of the
applications under evaluation and found that 85 of the applications had patients as their intended primary user,
28 had clinicians as the primary user, and 20 applications were intended to be used by both patients and
clinicians. Table Al in Appendix A provides an overview of the articles included in the scoping review. The
following sections discuss these findings in greater detail.

Usability testing methods employed

Six different usability testing methods were utilized in the selected papers: Two quantitative methods (n=115)
such as (1) Questionnaires, and (2) task completion; three qualitative methods (n=70) (3) “Think-Aloud”
protocol, (4) interviews, and (5) Focus groups ; and (6) Heuristic testing (n=18). The frequency of these
methods as well as their intersection is illustrated by the Venn diagram in Figure 2.

Types of Usability Testing
131 Studies
Quantitative 57
115
70
8
14
Heuristic

18

Figure 2: Usability Evaluation methods employed.



There were eight studies that used all three types of usability evaluation methods. Of the eight studies, two were
on an app for fall prediction detection[22,23], and one each for apps dealing with breast cancer[24] , exercise
coaching + diabetes + depression[25], Health Data Visualisation[26], Telemedicine[27], HIV[28], and Dental
health[29].

Figure 3 shows the which quantitative methods were employed, their frequency, and how many were combined
with qualitative methods:

Quanti and Quali Testing
131 Studies
50
Questionnaires
103 Qualitative
70
27
45
34
57

Figure 3: Quantitative and qualitative testing methods.

The quantitative method most frequent used to evaluate the usability of an application was questionnaires
(n=105). Task completion was employed in 57 of the studies. 45 studies used questionnaires in conjunction
with task completion, while 50 studies combined questionnaires with a qualitative method. Task completion was
used with qualitative methods in 34 studies, and 27 studies used questionnaires together with task completion
as well as a qualitative method.

Figure 4 shows which qualitative methods were employed to evaluate usability:

The most frequently used qualitative method was ‘Think-Aloud’ (n=45), followed by interviews (n=37), and
focus groups (n=13). 18 studies used a combination of “Think-Aloud” and interviews, while 5 studies used
Interviews and focus groups. The combination of Think aloud and focus groups was employed in 3 studies and
one study used all three qualitative methods.

The most frequently used validated questionnaire was the System Usability Scale task completion (33.59%,
n=44). Other validated questionnaires used were the Post-Study System Usability Questionnaire (9.16%, n=12),
Technology Acceptance Model Questionnaire (3.82%, n=5) and the Task Index (1.52%, n=2). These
questionnaires were non-specific for the health IT domain. Three studies used a questionnaire designed
specifically for eHealth: the AAEQUATE (questionnAire for Evaluation of QUAlity in TElemedicine systems)
[30-32].



Qualitative Methods

37 18 Think Aloud

45

Focus
Group
13

Figure 4: Qualitative methods of usability testing.

We then looked at whether the use of single or multiple usability evaluation methods differed according to the
intended user of the application. The results are shown in the following table

Clinician Dual Patient

Single 11 8 24
42.31% 40.00% 28.24%

Multi 15 12 61
57.69% 60.00% 71.76%

Total 26 20 85

Table 1: Single or multiple usability evaluation methods and intended users.

For all intended users, the use of a multimodal usability evaluation was more prevalent, being used in 88
(67.17%) studies. Applications where the intended users were patients / caregivers had a higher proportion of
use of multimodal methods (71.76% for patients compared with 57.69% for clinicians). There was no significant
difference in the types of usability evaluation methods used for each type of intended user, for example, the
proportion of studies using questionnaires did not vary according to the intended user, as seen in the table
below:



Primary Questionnaires
User (%)
Clinician 19 (14.50)
Dual 15 (11.45)
Patient 69 (52.67)

Table 2: Number of studies using questionnaire according to intended users.

Health conditions / diseases addressed by the eHealth application

The ten most frequent health conditions or diseases where eHealth apps were being evaluated for usability are
shown in Table 2. All in all, we identified 48 health conditions / diseases that were addressed by the apps in the
selected literature. The complete range of health conditions can be found in the appendix.

Health Condition/ Disease Frequency Percent (n=131)
Mental Health 12 9.16
Cancer 10 7.63
Nutrition 10 7.63
Child Health 9 6.87
Diabetes 9 6.87
Telemedicine 8 6.11
CVD 6 4.58
HIV 4 3.05
Health Info System 4 3.05
Smoking 4 3.05

Table 3: Ten most frequent health conditions in selected studies.

Participants in the usability testing

Most of the studies (78.62%, n=103) had only one type of user as a participant in usability evaluations, e.g.,
Patients only or Health Care Professionals only. When we categorise the studies according to the types of
participants, we get the following Venn Diagram:

People Involved in Usability Evaluation
131 Papers

Patients / Carers 20
99 44

Experts
19

Figure 5: Participants in usability testing.



Patients / Carers were participants in the usability testing of 99 of the studies. HCP’s were involved as
participants in 44 of the studies and heuristic experts in 19. Twenty studies had both Patients / Carers and HCP’s
as participants, while the combination of Patients / Carers and heuristic experts were involved in 9 studies. Five
studies utilised both HCPs and heuristic experts, and three of the studies involved Patients / Carers, HCPs and
heuristic experts in usability testing. In studies that used only one class of tester, 73 were Patients / Carers only,
22 were tested only by HCPs, and eight had only heuristic experts as participants.

Only 25.95 % (n=34) of the studies cited a reference as their justification for the number of participants.

The number of participants varied according to the type of testing used, whether heuristic evaluation,
qualitative, quantitative or multi-modal. The number of participants according to the type of testing is shown in
the following table:

Type of test Mean | Minimum | Maximum
All types 40 1 450
Heuristic only 3.67 1 5
Qualitative only | 13.69 | 4 32
Quantitative only | 52.70 | 2 373
Multi-method 3521 | 4 450

Table 4: Number of participants according to type of usability evaluation method.

Studies which only used heuristic methods had the least number of participants, and studies which only used
quantitative methods had the greatest number of participants.

Timeline and publication channels for reports of usability testing of eHealth applications
Figure 6 shows the number of articles published for each of the years included in the search,

Number of Papers per year

40 50 80
1

# of Papers
20

10

2014 2015 2016 2017 2018

Year

Figure 6: Timeline of publication of usability studies.

NB. 2018 was cited in the database as the publication year for 2 of the articles, although they were available
online in 2017. Figure 7 shows the types of journals that the articles were published in according to the year of
publication:
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Figure 7: Types of journals that usability studies were published.
As can be seen in the graphs, most of the selected papers were published in 2016 (n=59) and 2017 (n=57).

Health Informatics journals were the main publication channel in the selected literature, accounting for 65%
(n=86) of the selected articles. Other publication channels were medical journals, allied health, computer
science, and engineering journals. The table showing all the publication types is shown here:

Publication type Frequency Percent
Health Informatics 88 67.17
Allied Health 25 18.79
Medicine 11 8.27
Computer Science 5 3.76
Engineering 4 3.01
Total 133 100.0

Table 5: Types of publications where usability evaluations were published.

Iterative model of development

We wanted to see if any of the articles mentioned the development of further iterations of the app as a result of
the usability testing, as the iterative approach is cited as an important component of health intervention
development [15,16] . We found that 41 out 131 (31.3%) of the studies reported that at least one further iteration
of the app was developed following the results of the usability testing.

We performed a Chi-squared test of association using 2x2 tables to see if iterative development was associated
with the type of usability testing done. The use of the Think Aloud protocol and Heuristic testing were
significantly associated with a report of further iterative development, whereas questionnaires, task completion,
interviews and focus groups were not associated with a report of another iteration of the app. The table is shown
here:

Non-Iterative [Iterative [y2

Think Aloud 16.79% 17.56% 11.15%
Questionnaires 52.67% 25.95% 0.34
Task Completion 29.77%  13.74% 0.00

Heuristic 6.11%  7.63% 4.48%




Interview 17.56% 10.69% 0.65
IFocus Group 6.87%  3.05% 0.00

*p< 0.05
Table 6: Usability method and iterative development.

Discussion

Key findings

Findings in this scoping review suggest that together with the rapid growth of the number of eHealth
applications, the number of studies that report the usability testing findings in eHealth app development is
likewise increasing. Twenty-two studies were included in the review for the period of 2010-2014 when there
were 28,000 health apps on the app stores [8]. For the years 2014-2017, the number of studies that reported the
results of usability testing has increased to 131, a six-fold increase, while the number of apps has grown more
than 10 times, with 325,000 reported in 2017 [3]. The increase in the number of published usability studies has
grown at a slower rate than the number of digital health applications available. It should be noted that most
digital health applications are found in commercial “app stores” such as those of Apple and Google, and are
developed by commercial developers, rather than the academe. This sector does not normally publish results of
their usability studies, which they may view as giving away a competitive advantage. It also illustrates an
apparent non-involvement of academia in this rapidly growing area.

The health conditions / clinical areas being targeted by the apps have also expanded, with 13 being reported in
2014, whereas we found 48 distinct clinical areas being addressed by the apps in the selected literature. The
clinical areas being addressed by digital health applications has clearly expanded.

However, the methods being used to test usability have remained unchanged since 2014. Despite the
recommendation of a previous review [8] to utilise more objective and automated methods of usability testing,
none of the selected studies used these methods, for example eye tracking and remote monitoring. A few of the
studies used transmitted logs to record simple things like number of times the app was used and task completion.
While these automated methods are well reported and utilised in other domains [33], there may be factors such
as cost of equipment (e.g. eye trackers) that make the adoption of these methods prohibitive to developers,
especially small to medium enterprises (SMEs). There may also be factors unique to the healthcare domain that
inhibit the adoption of these methods.

Patients and caregivers are very much involved in usability testing, accounting for the largest proportion of
participants. Health care professionals are also involved in the testing, mostly when the app is made for use by
the health care professional, but also in cases where patient entered data is meant to be reviewed by the health
care professional. The need to test both users is being recognised in these cases. However, the sample size is not
being given much attention in these studies, as only a quarter of them reported a reference to validate the choice
of a sample size. Studies where heuristic experts were the participant constituted only a small proportion of the
selected literature, indicating a shift towards a more patient-centred approach to eHealth app development. This
reflects recent calls for a more participatory design approach to eHealth application development, as well as the
adoption of iterative methods [34].

Most of the selected literature were published in 2016 and 2017, coinciding with the growth in the eHealth App
market as well as in the increase in the number of channels for publication of these type of studies. Health
Informatics journals, which have increased in number in past few years, were the publication channel for most
of the selected articles. In addition to the health informatics journals, allied health and medical journals were the
second most employed publication channel. In contrast to the review 2014, computer science and engineering
journals were in the minority with respect to publication channels, although this may have been affected by the
choice of the databases searched in 2014 (i.e., the non-inclusion of Medline / PubMed and CINAHL). It may be
useful for future usability studies of eHealth applications to be submitted to Human Computer Interaction and
User Experience journals to improve awareness an increase uptake of more robust and object methods of
usability testing.

Iterative design has been recognised as the key to enabling rapid development of successful products, using
usability data to remove human factors as a barrier to success. Iterative development is the means of
accommodating the life cycle of a product in an ever changing market[35,36]. Yet, the number of studies where
the usability testing results were used to create another iteration of the app were in the minority accounting for
less than a third of the included studies. The use of an iterative development strategy was seen in 41 out of the



131 papers reviewed (31.3%). This is very similar to the proportion of papers found in a previous review [8],
where 7 out of 22 (31.8%) studies used an iterative development strategy. It may be that the majority of the apps
were in the final stages of development and some iteration had already taken place prior to the study being
reported, or the initial iteration of the application already had good usability. We noted that the Think Aloud
protocol and the heuristic walkthrough were significantly associated with iterative development, however
various factors including study aims, previous work and other factors taken in context would have influenced
the choice of the evaluation method.

Gaps and potential for future research

We see several areas that have a potential for opportunities and the need for future research. The use of
objective automated methods of evaluating usability has already been established in other domains. Further
research is needed to find ways to employ these methods, such as eye tracking and remote monitoring in the
development of eHealth applications. There are also other automated methods that may potentially be useful,
such as electroencephalogram (EEG) headsets [37], which can record brainwave patterns associated with
attention, interest, relaxation and other mental states whilst evaluating the app. If validated, this could be useful
objective measure of app usability. Eye-tracking is another automated method that was cited in a previous
review [8] that is potentially useful in evaluating the usability of Ehealth applications. At least one recent study
has already started exploring the validity of eye-tracking in the evaluation of Ehealth applications [38].

Validation of sample size estimates would also contribute to more efficient use of resources in usability
investigations. In the selected studies, only 25.95% cited a reference to justify their sample size. Often, only one
method such as questionnaires, was used in the evaluation because of finite resources when the investigators
want as large a sample as possible to improve validity. However, a large sample size is wasteful if a smaller
sample size is sufficient to ensure validity. The smaller sample size could then be used with more cycles of
testing, giving a more complete picture of what is needed to improve the usability of the app.

We also found that the manner of reporting user experience evaluation lacks uniformity, making it difficult to
compare results. Some studies merely reported that their participants found the applications to be usable,
whereas others reported the scores using validated instruments such as the System Usability Scale. The use of
many types of questionnaires, some validated and some that were not validated, also made the comparison of
results across studies very difficult.

As new types of health apps and new platforms for them are developed, then new methods of usability testing
will need to evolve. For example, there has been a growth in the number of health apps developed for the smart
speaker platform, such as the Amazon Echo and Google Home product line [39—41]. These apps, which use
voice recognition, will have to use different methods to assess their usability. Further research needs to be done
to develop usability testing methods for these platforms.

As noted earlier, most digital health applications are developed in the commercial sector rather than the
academe, and that this sector rarely publishes in the academic literature. There is scope for further research into
the methods of usability evaluation employed by eHealth developers in the commercial sector, using the
methodologies found in the work of Eshet, who conducted interviews and surveys amongst IT professionals
[42,43]. This new research would give a more complete picture of the methods used by eHealth developers for
usability evaluation.

Commissioning bodies will be looking for evidence of effectiveness for digital health applications, and in
response to the need for guidance, the National Institute for Health and Care Excellence (NICE) has published
an Evidence Standards Framework for Digital Health Technologies (DHT) [44]. In the framework, user
experience falls under the Acceptability portion for the Tier 1 level of evidence, where the minimum accepted
level of evidence is being able to show relevant user involvement in the design, development and testing of the
DHT as well as user satisfaction data, to a “best practice standard” of publicly available or published evidence
of user involvement and user satisfaction. Thus, there will now be an onus on DHT developers to publish the
results of their user experience evaluations, as they will be required to submit these as evidence when seeking to
have their

Implications

The findings of this scoping review provide an update to the field and highlight the fact that while the number of
available digital health applications has greatly increased, the proportion of these applications that report the
results of their usability experience research in peer reviewed publications has not increased and has in fact
decreased slightly. The methods that were used three years ago are still being used but there are obvious areas



for further research: to both evaluate these approaches and/or to develop / test new approaches to usability
evaluation. Patient participation groups would also want to know how involved patients are in the development
and testing process of eHealth apps. Researchers who are looking for new areas to do usability research in will
find new opportunities in sample size validation, and in evolving ways of testing new platforms for eHealth apps
such as smart speakers and virtual reality. Finally, as this was a scoping review of usability testing methods in
eHealth applications, there is room to further qualitatively explore the underlying themes revealed by user
experience studies of digital health technologies, as well as scope for further quantitative work.

Limitations

One limitation of this review is the exclusion of articles not published in English. This is common in scoping
reviews, but we may have missed some relevant papers, especially for apps that are not published in English.
We noted however, that some foreign language apps, such as in Korean, Chinese, Spanish, etc., were included in
the review. Another limitation is that a lot of the apps in the app stores are not developed by academics and their
developers do not report the findings of their usability tests in the academic literature. We would like to see in
the future more information sharing from the developers of eHealth applications with regards to their usability
testing methods, without necessarily giving away trade secrets. As mentioned previously, mixed-methods
research with eHealth developers [42,43] may be useful in this regard.

Conclusions

This scoping review gives a descriptive map of the literature on the methods used for usability testing of eHealth
apps since 2014. This is a rapidly expanding area, seeing a tenfold increase in the number of eHealth apps in just
three years, and yet the number of articles has not expanded accordingly, and the proportion of published
literature has even decreased. There are still gaps in the research that need to be addressed, especially as
commissioning bodies who wish to deploy digital health applications as part of services are demanding
evaluation evidence as a prerequisite to deployment. As eHealth becomes increasingly relied upon to help
deliver efficient and effective health care, there must be assurance that eHealth apps are usable, effective and fit
for purpose.
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Summary table

What was already known about the topic:

¢  The number of eHealth applications has seen rapid growth in the past three years. Only a small
proportion of these publish the results of usability studies in the literature.

* The most frequently used methods of usability evaluation are quantitative methods such as
questionnaires.

What this research adds to our knowledge:

*  Despite the rapid growth in the number of eHealth applications, the proportion of new applications that
publish usability evaluations has become smaller. Research needs to be conducted among eHealth
application developers who do not publish their results in the literature, to investigate whether they
employ formal usability testing methods, and the types of methods used.

®  Questionnaires are still the most often used method of evaluating the usability of eHealth applications.
e  There is little use of automated methods of objectively evaluating usability, such as eye-tracking.

e  Further research is needed to evolve rapid methods of evaluating usability of eHealth applications in a
robust manner, to meet the needs of commissioning bodies and improve adoption of eHealth.
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Table: List of Health Conditions addressed by Ehealth apps in retrieved papers.
Health Condition/ Disease Frequency
Mental Health 12
Cancer 10
Nutrition 10
Child Health 9
Diabetes
Telemedicine
CVD
HIV
Health Info System
Smoking
Alcohol
Chronic Conditions
Exercise
Pregnancy
Arthritis
COPD
Dementia
EHR
Fall Prediction Detection
Medication adherence
Metabolic Syndrome
Postoperative care
Tuberculosis
Adverse Drug Reactions
Aging
Brain Injury
CPR
Delirium
Dental
Dialysis
Disaster Self-Help
eHealth intervention platform
Elderly Wellbeing
Family Planning
Fibromyalgia
Geolocation Alarm
Head Injury
Homeless Youth
Hospital Navigation
Medical Education
Multiple Sclerosis
Ophthalmology
Parkinson's Disease
Physiotherapy
SLE
Spina Bifida
Stroke Rehab
Voice Therapy
Total 133
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Table: List of Journals where selected articles were published.

Journal Title

JMIR mHealth and uHealth

Studies in health technology and informatics

JMIR Human Factors

BMC Medical Informatics and Decision Making

International Journal of Medical Informatics

Journal of Medical Internet Research

2016 38th Annual International Conference of the IEEE Engineering in Medicine
and Biology Society (EMBC)

JMIR research protocols

Applied clinical informatics

Health informatics journal

JMIR cancer

Journal of Biomedical Informatics

Journal of Health Communication

Nutrients

mHealth

2015 International Conference on Computational Science and Computational
Intelligence (CSCI)

2016 IEEE International Conference on Healthcare Informatics (ICHI)
2016 Sixth International Conference on Digital Information and Communication
Technology and its Applications (DICTAP)

2017 IEEE Symposium on Computers and Communications (ISCC)
2017 International Conference on Virtual Rehabilitation (ICVR)
AIDS Care

American Heart Journal

Applied Nursing Research

BMC Public Health

BMC neurology

Bio-medical materials and engineering

BioMed Research International

CIN: Computers, Informatics, Nursing

Community Mental Health Journal

Computer Methods and Programs in Biomedicine

European Journal of Oncology Nursing

European journal of physical and rehabilitation medicine

Frontiers in public health

Healthcare informatics research

IEEE journal of biomedical and health informatics

International Journal of Behavioral Nutrition and Physical Activity
International Journal of Telemedicine and Applications
International Journal of Telerehabilitation

International journal of human-computer interaction

International journal of mental health nursing

International journal of telerchabilitation

JMIR Rehabilitation and Assistive Technologies

JMIR medical informatics

JMIR mental health

JMIR rehabilitation and assistive technologies

Journal of General Internal Medicine

Journal of Medical Systems

Journal of Pediatric Health Care

Journal of Technology in Human Services

Journal of Telemedicine and Telecare

Frequency
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Journal of Voice

Journal of diabetes research

Journal of health psychology

Journal of the American Medical Informatics Association: JAMIA
MCN, The American Journal of Maternal/Child Nursing

Medical education online

Midwifery

Pediatric Transplantation

Schizophrenia bulletin

Telemedicine and e-Health

Telemedicine journal and e-health : the official journal of the American
Telemedicine Association

The Journal of the American Dental Association

Tropical Medicine {\&} International Health

Total

Table: List of Health Conditions addressed by Ehealth apps in retrieved papers.

Health Condition/ Frequency
Disease

Mental Health 12

Cancer 10
Nutrition 10

Child Health 9

Diabetes
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CVD

HIV

Health Info System
Smoking

Alcohol

Chronic Conditions
Exercise

Pregnancy

Arthritis

COPD

Dementia

EHR

Fall Prediction
Detection

Medication adherence
Metabolic Syndrome
Postoperative care
Tuberculosis

Adverse Drug Reactions
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Dialysis

Disaster Self-Help
eHealth intervention
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Elderly Wellbeing 1
Family Planning 1
Fibromyalgia 1
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Geolocation Alarm
Head Injury
Homeless Youth
Hospital Navigation
Medical Education
Multiple Sclerosis
Ophthalmology
Parkinson's Disease
Physiotherapy

SLE

Spina Bifida

Stroke Rehab
Voice Therapy
Total

m o = e e e e R e = e e

133



