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Abstract

Background: Among the numerous factors contributing to health care providers’ engagement with mobile apps, including user
characteristics (eg, dexterity, anatomy, and attitude) and mobile features (eg, screen and button size), usability and quality of
apps have been introduced as the most influential factors.

Objective: This study aims to investigate the usability and quality of the Head Computed Tomography Scan Appropriateness
Criteria (HAC) mobile app for physicians' computed tomography scan ordering.

Methods: Our study design was primarily based on methodological triangulation by using mixed methods research involving
guantitative and qualitative think-aloud usability testing, quantitative analysis of the Mobile Apps Rating Scale (MARS) for
quality assessment, and debriefing across 3 phases. In total, 16 medical interns participated in quality assessment and testing
usability characteristics, including efficiency, effectiveness, learnability, errors, and satisfaction with the HAC app.

Results: Theefficiency and effectiveness of the HAC app were deemed satisfactory, with ratings of 97.8% and 96.9%, respectively.
MARS assessment scaleindicated the overall favorable quality score of the HAC app (82 out of 100). Scoring 4 MARS subscal es,
Information (73.37 out of 100) and Engagement (73.48 out of 100) had the lowest scores, while Aesthetics had the highest score
(87.86 out of 100). Analysis of theitemsin each MARS subscale revealed that in the Engagement subscale, the lowest score of
the HAC app was“ customization” (63.6 out of 100). Inthe Functionality subscale, the HAC app’slowest value was “ performance’
(67.4 out of 100). Qualitative think-aloud usability testing of the HAC app found notable usability issues grouped into 8 main
categories: lack of finger-friendly touch targets, poor search capabilities, input problems, inefficient data presentation and
information control, unclear control and confirmation, lack of predictive capahilities, poor assistance and support, and unclear
navigation logic.

Conclusions: Evaluating the quality and usability of mobile apps using amixed methods approach provides valuableinformation
about their functionality and disadvantages. It is highly recommended to embrace a more holistic and mixed methods strategy
when evaluating mobile apps, because results from a single method imperfectly reflect trustworthy and reliable information
regarding the usability and quality of apps.
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Introduction

Background

M obile devices and mobile health (mHealth) apps have equipped
the health care system with a strategy to improve health through
enhanced self-management among patients and access to
educational materials for hedth care professionals [1].
Considering their advantages regarding the fastest and most
convenient ways to access health care services, they have been
introduced as effective eHealth technology to address health
priorities[2]. Recently, aglobal initiative has been launched to
apply mobile technologies to provide health care services and
manage variousdiseases[3]. A 2015 World Health Organization
survey revealed that 15,000 mobile apps were available for
health care use [4]. However, the continuity in the use of apps
ishighly challenging, and existing evidence presented poor user
engagement and relatively high drop-out rates on apps among
patients and health care providers (HCPs) [5]. Earlier research
reveal ed that nearly half of mHealth app usersavoid continuous
use of them [6]. The drop-out rates in app-based interventions
for chronic diseases were reported to be 43% (95% CI
29%-57%) in a meta-analysis by Meyerowitz-Katz et a [7].

Usahility has been introduced as a surrogate marker for app
quality and user engagement with them to addressthis challenge
[8-10]. Giventhesignificance, ng the usability and quality
of mobile apps occupies acrucial part of app development and
users overal assessment of app quality [6,8]. However,
emerging research has debated that mobile apps suffer from
usability and quality issues and are limited by their ability to
address users' needs [9,11,12]. Physicians use many mobile
apps to access a wide range of knowledge and information in
educational materials, drug reference guides, x-ray results,
laboratory test information, and clinical guidelines[13]. Medica
apps were positively perceived, with physicians reporting
increased dependency on the apps. The use of apps in the
medical setting has steadily grown in recent years [14]. While
a considerable number of physicians now use mobile devices
and appsfor clinical practicesglobally [7], there are also reports
of drop-out rate and short-term engagement among physicians
with these mobile apps [1]. Arguably, no clear understanding
exists of the physicians’ motivations and interests in adopting
and long-term use of mobile apps|[8]. A variety of factors, from
organizational and social factors [15] to users characteristics
(eg, user dexterity and anatomy and positive attitude) [16-19]
or mobile features (eg, screen and buttons size, poor resolution,
and usahility) [6,20-22], would influence the successful adoption
of mobile apps among physicians.

Prior Work

Usahility and quality issues have been reported as central to
user engagement with mobile apps [6,21]. The research team
previously developed amobile app aimed at assisting physicians
in prescribing head computed tomography (CT) scansbased on
appropriateness guidelines, the Head CT Scan A ppropriateness
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Criteria (HAC) mobile app [1]. However, during that study,
neurology and neurosurgery residents expressed concerns about
usability issues despitetheir interest in using the app. Therefore,
before proceeding with full implementation, it is essential to
identify and address usability problems of the app using mixed
methods that involve participation from final users.

Goal

In this study, we seek to investigate the usability of HAC app
using mixed methods research involving quantitative analysis
of the Mobile Apps Rating Scae (MARS) for quality
assessment, quantitative and qualitative think-aloud (TA)
usability testing, and debriefing across 3 phases.

Methods

Study Setting

This study was conducted as part of a broader effort to develop
a mobile app, known as the HAC app, based on clinical
guidelines. The development occurred at an academic hospital
with Kashan University of Medical Sciences(KAUMS)inlran,
which has 510 beds. This newly developed HAC app allows
end usersto search for appropriate CT scans based on diseases,
signs, symptoms, and modalities, such as CT, CT angiography
(CTA), and MRI. Appropriate CT scansreferstoimaging studies
that are deemed clinically justified and indicated based on
established medical criteria, including patient symptoms, signs,
and relevant clinical history, in accordance with evidence-based
guidelines and best practices in diagnostic radiol ogy.

The study involved 16 medical interns from an academic
hospital at KAUMS. For this study, the focus was on assessing
the end-user usability through a TA approach [23,24], evaluating
the quality of the HAC app using the MARS [25], and
conducting informal debriefing sessions to gather insights and
opinions for the medical interns regarding the HAC app.

Profile of the HAC App: HAC App Content and
Functionality

The HAC app was developed using applied 4-tier architecture,
including presentation, data service, business logic, and data
access layers. The app was designed using JavaScript in such
away that allows it to be installed and be compatible with the
latest version of Android in 2021 (version 12) aswell asearlier
versions. The HAC app encompasses essential criteriaarranged
by Care Core guidelinesfor head CT scans. Care Core provides
a list of disease titles, for example, head trauma, which is
supplemented by the list of clinical criteria in terms of signs
and symptoms of the given disease. Clicking the plus sign (+)
providesthe detailed clinical criteria. Under each main heading
or infront of each condition, the appropriate imaging procedure
inMRI, CT, and CTA isprovided. A shortlist menu isdesigned
to organize and quickly find frequently used diseases or clinical
criteria. It enables usersto add common diagnosesto the shortlist
menu. Screenshots of the functionalities of the HAC app are
presented in Figures 1 and 2.
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Figure 1. Head Computed Tomography Scan Appropriateness Criteria app search results for seizure.
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Figure 2. Head Computed Tomography Scan Appropriateness Criteria app search results for head trauma and headache.
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Approachesto Conduct the Study

Three approaches have been used to conduct the research and
achieve the study objectives.
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The TA Usability Testing

Inthis phase, wetested the HAC app’ s effectiveness, efficiency,
error, and learnability. The study objectives have been
determined to ensure the accurate fulfillment of the tasks, the
correct selection of theicons and buttons, and end users' use of
the mobile app without errors in an efficient way. The TA
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approach set out to determine the foll owing measuresto achieve
the objectives:

The effectiveness of participants’ navigation of the app was
measured by the accurateness and compl eteness of the HAC
app on CT scan ordering based on diseases, signs,
symptoms, and modalities, for example, CT, CTA, and
MRI.

The efficiency of the participants was specified by the
number of touch targets on the app screen and the task
completion time.

The simplicity and learnability of the HAC app were
measured by the number of tasksthat were easily completed
and the severity of errors made by the users.

Errors indicated the number of user mistakes when using
the HAC app.

MARS Quality Assessment

To evaluate the HAC app quality in terms of engagement,
functionality, Aesthetics, information, and subjective quality,
we applied the MARS tool [25], and the following dimensions
were addressed:

« theoverdl quality score of the HAC app and its subscales,
including Engagement, Functionality, Aesthetics,
Information, and Subjective Quality

« a datisticaly significant difference between MARS
subscales quality score

« adtatistically significant difference between 2 sets of pairs
of MARS subscales (eg, Engagement and Functionality or
Functionality and Aesthetics)

« thecorrelation between MARS subscales for the HAC app

« the sdignificant relationship between medica interns
characteristics (ie, age, gender, and interest in using mobile
apps for learning and clinical practice) with MARS
subscales

Debriefing
Aninformal debrief was conducted to review and digest interns
general ideas about using mobile apps and physicians

expectations for a suitable mobile app. It was also applied to
collect underexplored factsfor further revision of the HAC app.

Study Design and Data Analysis

Our study design was primarily based on methodological
triangulation through the use of mixed methods research, and
investigator triangulation to enhance the understanding and
interpreting the results [26].

The mixed methods study involved quantitative (MARS quality
assessment and TA quantitative usability testing) and qualitative
methods (TA qualitative usability testing and debriefing) across
3 phases. By using the technique of investigator triangulation,
avariety of researchers, such as medical practitioners, experts
in health information technology, and professionals in health
information management, were involved in the gathering and
analyzing of thedata. The details of each phase will be discussed
in the subsequent sections.

https://humanfactors.jmir.org/2024/1/€55790
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Phase 1: TA Usability Testing Approach

Design

The study used a TA study design to explore the user's
cognition, including feelings, thoughts, and whatever €lse comes
to mind whileinteracting with a system to perform atask. This
standard data collection method for assessing users' cognitive

behavior during system interaction helps identify errors and
necessary changes [23,24].

There are 2 fundamental usability testing methods: qualitative
and quantitative [27]. Qualitative methods primarily aim to
explore users' interaction experiences with a product and
describe possible issues they encounter [28]. In contrast, the
guantitative methods use various metrics, such as task times,
completion rates, and errors, to measure and categorize the
errors and problems users encounter during usability testing
[29]. Both qualitative and quantitative methods were applied
in this study to reach the research objectives. Usability
evaluation was aso conducted in the different stages of a
product development life cycle. Formative eval uation was done
in the early product development life cycle to shape the design
direction. Summative assessment was performed toward the
end of the product development (final product) to evaluate its
performance against a set of metrics (eg, time on task and
success rate) [28]. The participants implemented summative
usability testing in this study to eval uate the performance of the
HAC app.

Participant Recruitment

Previous evidence confirms that about 5 to 15 participants are
sufficient to perform TA to enhance the expected level of
problem discovery [30]. We recruited 16 medical interns who
participated in 3 phases of the study. We applied social media
to attract medical interns to join the study. We posted our
research profile on the medical students' academic and social
media channels, including the study title, research team, and
overal study objectives. We invited those who finished their
clinical internship in emergency medicine to participate in this
study. Our multidisciplinary research team, including clinicians,
significantly streamlined the recruitment process. The research
team, consisting of members from diverse disciplines,
encouraged their previous studentsto participatein the research.
No rewards or compensations were paid to the participants.

Protocol

The TA usability testing was conducted in multiple sessions of
the same activity. Developing a study protocol to ensure the
consistency of each activity in each session helped the facilitator
give all the necessary information to the participants, which
seemed imperative [28]. The study protocol in this study
consisted of session introduction, information capture methods
(ie, observation and videotaping), task scenarios, user
interactions with the product and any identified product
problems and difficulties, and measurement criteria, which are
discussed in the following sections.

Session I ntroduction

Interested volunteers were contacted to schedule face-to-face
visits. TA sessions were held in the physicians actua
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workplace. It is widely believed that evaluations conducted in
the field resemble the set-up that matches the user’s real work
context, providing “ecological validity” to the study and
accurately reflecting the users' context [28].

Once the researcher arrived in the field, they gave the
participants an overview of the session and the overall goals.
They let them know about the presence of any facilitator or
observersin the session and the rulesfor conducting the usability
testing.

Ethical Consider ations

Overview

This study was approved by the ethicsreview board at KAUMS
(code #lR.KAUMS.MEDNT.REC.1399.075). The participants
were informed the same and emphasized the voluntary nature
of participation, assuring them of the confidentiality of
information. The noneval uative environment of the TA session
was also explained by a trained moderator (researcher). Then,
participants who attended the face-to-face meeting consented
to participate in the study and TA session run.

Data Collection

The usability data collection protocol was generaly
implemented via 2 approaches: concurrent TA and retrospective
TA protocols[31].

Because concurrent TA is more objective and less dependent
on users memory and prior experience of completed tasks
compared with retrospective TA, concurrent TA was adopted
as a standardized method to conduct usability testing of the
HAC app [28,32].

Considering that most users are uncomfortable installing
something on their devices (eg, mobiles or computers) [28] and
theimportance of using the sametool to capture usability-testing
data, interaction with the HAC app was done via an Android
mobile phone dedicated only to the research purposes. A
portfolio of methods, including video screen-recording software,
audio and screen recording, and notetaking, were applied to
collect data. Four scenarios containing 4 to 6 tasks were given
to the participant to interact with the HAC app. All the activities
to accomplish the scenario, including the number of touch
targets on the app screen, the task completion time, and the
elapsed time, were captured using the free AZ Screen Recorder
for Android (AZ Screen Recorder) [33].

Three evaluators facilitated the testing sessions and analyzed
theresults. Theresearchers adopted the verbal protocol to collect
the data. Although the verbal protocol is the most traditional
protocol with limited probing methods compared with active
users' participation methods, such as communication - based
and coaching protocols, it resembles an authentic context
experience by not offering any external assistance to the users
[34].

Thus, 1 researcher supervised the eval uation session, but neither
user received instruction during the task performance stage.
Attention was given to shortening the testing process and
keeping a participant on the phone for >10 minutes [28]. Each
TA session lasted for about 20 to 30 minutes.

https://humanfactors.jmir.org/2024/1/€55790

Meidani et &

Tasks Scenario

The scenarios (including their goalsand actions) were designed
to examine different parts and functions of the HAC app and
covered the most common tasks that a clinician may usein a
typical working application. Usability problems were detected
by researchers from analyses of user behavior and expressions
during interactions with the system.

Measurement

A coding framework was developed according to 5 usability
characteristics and based on the International Organization for
Standardization and Nielsen’s definitions to recognize the
specific user-computer interaction problems in detail to define
themeasurement criteria[35-37]. Nielsen put forward 5 usability
attributes: learnability, efficiency, memorability, errors, and
satisfaction [37].

Combining International Organization for Standardization and
Nielsen usability attributes yields the following 6 criteria:
efficiency, effectiveness, |earnability, memorability, errors, and
satisfaction. Because the participants only used the HAC app
in this study, and there was no need to remember the options
for the next session, we omitted memorability in our evaluation.
The remaining 5 attributes were integrated into our coding
framework [23].

We used the TA method to measure effectiveness, learnability,
errors, and efficiency characteristics, and the MARS
guestionnaire was used to measure satisfaction.

Errorsor usability problemswere detected based onthe analysis
of the “critical issues’ encountered by the participants during
theinteractions detected from the video reviews. Critical issues
were defined as those that prevented task completion, “severe
issues’ were defined as those issues that caused significant
slowdown or frustration, and “cosmetic issues’ were the ones
that remained and had minimal effect [38].

Learnability was evaluated by measuring the number of quickly
completed tasks.

Data Analysis
Phase 1: TA Usability Testing

TA Quantitative Part

Data analysis and measurements of usability metrics were
addressed based on a coding framework mentioned in the study
design and protocol section. The usability characteristics and
problems and their severity rating are described as follows:

Efficiency was measured by two metrics. (1) the number of
touches targeted and (2) the task completion time. The mean
time taken for the users to perform each task was based on the
following equation:

Efficiency = [(total of full completion of atask (1) or
noncompletion (0) / (time spent on a task)] / [(total
number of tasks x number of users)] x 100 (1)

Effectiveness was measured by the number of completed tasks
(ie, task completion rate), indicating the task’ s successrate. The
extent to which the user can fully and accurately achieve their
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task goals. Effectiveness was measured using the following
equation.

Effectiveness = [(number of successfully completed
tasks) / (total number of tasks performed)] x 100 (2)

The range of effectiveness was taken as “awful” (0%-50%),
“bad” (50%-75%), “normal” (75%-90%), and “good”
(90%-100%) [24].

L earnability was eval uated by measuring the number of quickly
completed tasks.

Errors were identified as the number of user mistakes when
performing the tasks.

Satisfaction was measured based on the user’s total score on
the MARS questionnaire.

TA Qualitative Part

The video reactions of the participants were transcribed
verbatim. Usability data, characterized by users comments,
silences, repeated actions, and error messages, were collected
through the recordings. Three members of the research team
analyzed the obtained content. Transcripts and usability
problems were also reviewed to identify the most common
concerns. In any case of discrepancy in content analysis, a
third-party reviewer was consulted.

These differences were categorized based on the tasks in the
scenarios (ie, measurements, zoom and magnifying, and contrast
and window level).

Data collected during the TA tasks (phase 1) were analyzed
using fundamental inductive content analysis consisting of data
reduction, data grouping, and the formation of concepts to
answer research questions [39].

The inductive process is a bottom-up process that looks at all
the issues as a whole by aggregating similar issues together
until al the issues have been sorted into groups. Once all the
groups (ie, subcategories) had been sorted, they were labeled
to create more significant categories [40,41]. Thus, at the end
of thisprocess, weidentified significant usability category issues
and the specific problems associated with each one.

Phase 2: Evaluation of the Quality of the HAC App
Using the MARS Questionnaire

Design

The participants (16 medica interns) were asked to complete
the MARS questionnaire immediately after the TA session.
MARS is the most popular scale and a highly reliable tool
designed to assist researchers, professionals, and cliniciansin
classifying and assessing the quality of mHealth apps [25].
Data Collection

A validated and reliable Persian language version of MARS
was used to collect the HAC app quality data [42].

MARS consists of 23 itemsin 5 objective quality subscales:

- Engagement encompasses 5 items and mainly focuses on
entertainment and interest features of mobile apps.

https://humanfactors.jmir.org/2024/1/€55790
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« Functionality includes 4 items and addresses the ease of
use and functional capabilities of mobile apps.

« Aestheticsconsist of 3itemsand discuss mobile app layout
and visual appeal.

« The information includes 7 items and mainly considers
quality, quantity, credibility, and visual enhancement of
included information.

- The Subjective Quality subscale of MARS focuses on the
overal rating of the app, its benefits, and its value.

Data Analysis

Each subscaleitem was rated a5-point score from 1 (inadequate)
to 5 (excellent). Usually, the mean score and SD were used to
rate the quality of apps. Since the number of items in each
subscale was different, we also used this formula [(mean of
subscale/number of items in subscale)x(100)] to compute the
score out of 100 and compare the subscales. To calculate the
total HAC app score, the [(total mean of HAC app/total MARS
itemsx(100)].

Friedman test was applied to compare the users scores in 5
MARS subscales. The Wilcoxon test investigated the mean
difference between 2 setsof pairsof MARS subscal es. Spearman
rank correlation coefficient was used to analyze the positive
correl ation between MARS subscales. Kruskal-Wallisand 1-way
ANOVA tests were used to assess differences between medical
interns' characteristics and MARS' subscales. All statistical
analyses were performed using SPSS (version 16.0; IBM Inc)
at asignificance leve of .05.

We applied inductive content analysis consisting of data
reduction, data grouping, and the formation of concepts to
analyze TA qudlitative data and transform physicians' ideas
into categories in the debriefing phase.

Phase 3: Debrief Participants

A debrief session is an informal conversation to collect users
experiences and [43] any features of the app that they
particularly like or dislike, how easy or difficult it isto use, and
what they think about the content and design of the app was
discussed in the debriefing session. Themedical interns’ general
opinion regarding the effective maobile apps to assist HCPs in
education or clinical practice wasalso investigated in this phase.
During the analysis of the recorded videos and voices, it came
to our attention that the debrief sessionswhich were carried out
with the participation of clinicians research team, were the
most active and engaging ones. To analyze and present the
debriefed data, a narrative analysis method was used [44].

Results

Outline

The findings of each phase will be presented under the same
headings in the methods section, including TA quantitative, TA
qualitative, MARS quality assessment, and then a debriefing
session.
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Phase 1: TA Usability Testing

Overview

Table 1. Descriptions of the scenarios used in the usability testing.

Meidani et &

Table 1 illustrates the scenarios, goals, and actions needed to
complete the tasks.

Scenarios Goals Actions
1. A head trauma patient was admitted to the emergency ~ According to the guidelines, search 1. Selecting the search icon
department. Please check if the CT?scan indicated apatient  fOr @ppropriateimaging procedures 2. Typing the disease title in the search box
with “minor or mild acute closed head trauma without for agiven diagnosis. 3. Finding the head traumafrom the query list
neurologic deficit adult” 4. Clicking on the plus button

5. Check if theimaging procedureisrecommend-

2. A patient was admitted to the emergency department
with “new onset of seizures older than 18 following acute
trauma.” Please select the appropriate imaging procedure
for the case.

3. Headache and vertigo are common symptoms at the
emergency department. Please add headacheto the shortlist
for forthcoming queries.

4. A patient with proven subarachnoid hemorrhage (nega-
tive angiogram) was admitted to the hospital for follow-up.
Please check for appropriate imaging procedures.

To use appropriate imaging proce-
duresfor seizures.

To apply a shortlist menu to collect
appropriate imaging procedures for
common diseases and symptoms.

To use the CT2 or CTAP button to
access subarachnoid hemorrhage.

ed for the patient.

1. Opening the search query

2. Typing the seizures into the search box

3. Navigating between itemsin the search list

4.  Selecting the appropriate imaging procedure
based on the patient’s symptoms

Adding headache to shortlist menu
Backing to the first page

Opening the shortlist

Deselecting the items you are not interested
in anymore

Eal O o

Opening list of diseases under thetitle of CT
Finding subarachnoid hemorrhage

Moving one step backward

Selecting the CTA button

Navigating between items in the search list
Click on the plus sign to search for detailed
information on subarachnoid hemorrhage and
its subgroups.

Ok wNE

8CT: computed tomography.
bCTA: computed tomography angiography.

TA Quantitative

Efficiency

On the basis of the equation 1, the HAC app’s relative overall
efficiency was 97.8%. The average time spent for each scenario
was 97.5 seconds, and the number of additional clickswas0.93.
The highest average of performing scenarios belonged to
scenario 3 (109.25 seconds), and the lowest average wasrel ated
to scenario 4 (83.875 seconds). Among the users, the highest
total average time for 4 scenarios was related to user number 3
(161.8 seconds), and the lowest time was for user number 11
(58.0 seconds).

Effectiveness

The HAC app’s effectiveness in assisting users in performing
the scenarios based on the equation 2 was good (97%). Of 16
users, 14 (88%) completed all 4 scenarios, 2 (13%) completed

https://humanfactors.jmir.org/2024/1/€55790

3 scenarios, and 2 (13%) users had difficulty performing
scenario 2, which was focused on searching for “new onset of
seizures older than 18 following acute trauma” The
characteristics of this scenario that caused usability issues have
been discussed under the heading TA qualitative, “inefficient
data presentation and information control,” and “ poor searching
capabilities’ (Figures 1 and 2).

Learnability

Out of 16 users, 11 (69%) managed to complete 4 scenarios, 4
(25%) users managed to complete 3 scenarios without
encountering critical issues, and 2 (13%) users faced critical
issues to complete 2 scenarios.

Errors

Out of 16 users, 10 (63%) users did not make any errors while
doing the scenarios, and 6 (33%) users were able to do the
scenarios with >1 errors (Table 2).
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Table 2. Matrix of efficiency and effectiveness of the Head Computed Tomography Scan Appropriateness Criteria (HAC) mobile app®.

User number Efficiency, s Effectiveness
Scenario 1 Scenario 2 Scenario 3 Scenario 4 Total average  Total scenarios completed
1 98 189 150 210 161.8 3
2 75 101 134 82 98.0 4
3 192 135 129 108 141.0 4
4 92 86 115 57 875 4
5 74 125 63 84 86.5 4
6 115 73 129 53 925 4
7 115 83 82 52 83.0 4
8 69 93 106 127 98.8 4
9 60 109 89 80 845 4
10 70 117 170 82 109.8 3
11 34 57 79 62 58.0 4
12 40 97 125 45 76.8 4
13 109 132 87 64 98.0 4
14 72 83 95 67 79.3 4
15 101 185 95 107 122.0 4
16 110 59 100 62 82.8 4

8Average efficiencies: scenario 1=89.125, scenario 2=107.75, scenario 3=109.25, scenario 4=83.87, total average=97.5.

TA Qualitative

Theresults of theinductive content analysis regarding usability
issues were grouped into 8 main categories and discussed bel ow.

Lack of Finger-Friendly Touch Targets

Most participants had difficulty tapping the target buttons, such
asthe shortlist button, or icons, such asthe plus sign (+) on the
screen, and it was an intensive task to perform successfully.
The participants stated that the given features are inappropriate
for finger-touch targets. It might be due to the wrong size of
the buttons or the need for more padding between buttons and
icons around the edge of the screen. Consequently, it led to
selecting the wrong part of the screen and frequent mistapping
of the shortlist menu. Most participants often used this
statement: “1 cannot get the button.” Failureto pressthe targeted
button and retouching the icons multiple times occurred
frequently, resulting in a long time on the task and decreased
efficiency. Moreover, it caused a failure of task completion by
2 users and reduced the effectiveness of the HAC app.

Poor Search Capabilities

Navigating the diseases and signs and symptoms was
case-sensitive to the upper case. It made the searching diagnosis
and signs and symptoms keywords awkward. The participant
struggled to find diseases and signs and symptoms that had not
been typed in upper case. Some participants forgot the
“case-sengitive” feature every timethey started the new scenario.
Thus, participants backed out and jumped over the navigation
process or tried to find the given case from along list of search
results. Both situations made it time-consuming and inefficient
and caused participant frustration.

https://humanfactors.jmir.org/2024/1/€55790

Input Problems

The main complaint by the participants was that the font size
was inappropriately amplified with the limited mobile size.
Participants mentioned that typing on the mobile phone screen
was an intensive task. We found some difficulty in typing on
the small screen; all the participant’s attention was focused on
what they had typed. The “case-sensitive’ feature in searching
data amplified the problem. The lack of finger-friendly touch
targets al so made the typing more cognitive load and distracted
from their main concerns, interacting with the patients.

I nefficient Data Presentation and I nformation Control

Another usability issuethat caused frustration among userswas
inefficient data presentation and information control. To apply
the HAC app, users entered specific diseases, signs, or
symptoms enclosed in the Care Core guideline in the “Index”
box. However, the list of clinical criteria under the disease
heading was grouped using the plus sign (+) to provide aproper
data presentation. A long list of conditions in the form of a
dropdown menu enclosing the common signs and symptoms
made it confusing for the participant. Since the mobile screen
was too small, providing along list of search results makes it
time-consuming and inefficient. Thelack of proper information
layering and data categorization made it difficult for the
participant to scroll the list. The participant commented the
following:

It requires much attention and is very inconvenient
since we need to interact with patients, other
colleagues, and clinical settings environment.
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The critical issue was related to bringing cognitive load to the
participants.

Unclear Control and Confirmation

Another failure dealt with providing feedback and confirmation.
The participants expected the HAC app to inform them about
what was happening, using appropriate feedback. For instance,
when they were asked to add a given disease to the shortlist,
they waited for adialogueto let them know the conditionswere
added. The absence of the appropriate feedback resulted in the
users being moved to the shortlist and checked on if the
command was run. The exact process occurred when they were
asked to remove the given disease from the shortlist. The users
awaited a confirmation dialogue regarding spoken questions,
such as a “yes’ or a “no,” to remove the disease from the
shortlist before executing the removing command. Without a
physical response, users did not know the current system status
and were not confident about the consequences of their prior
actions. They felt confusion and frustration.

Lack of Predictive Capabilities

Some participants expected more predictive capabilities and
automation to optimize manual tasks and increase efficiency
across various functions. For example, a participant stated the
following:

We prefer the HAC app to automatically move the most visited
diseases or signs and symptoms to the shortlist menu.

They believed the sole manually supported feature for making
a shortliss menu could be more efficient and less
time-consuming.

Meidani et &

Poor Assistance and Support

The participants thought some features on the HAC app, such
as shortlists highlighted in red or items with the plus sign, were
difficult to recall or interpret and caused cognitive load. The
participants needed assistance or information to learn more
about these features, such astooltips, which display informative
text, such asadescription of itsfunction when users hover over,
focus on, or tap an icon. They were looking for a help tab and
found it unclear because it was at the bottom of the “About us”
tab. It caused the HAC app to be less self-descriptive and more
dependent on external help, which needed to be clarified and
made clearer.

Unclear Navigation Logic

Some fundamental navigation control issues (eg, “back”
function) were also reported during usability testing. For
example, the participants tended to click the back button to
return to the previous page, but it actually led them back to the
home page. This drawback can lead to work duplication and
frustration in task completion.

Phase 2: the Quality of the HAC App Using MARS

Analysis of Overall Quality Scores of the HAC App

Table 1 indicates that the overall quality score of the HAC app
was favorable (82/100). Among the 4 MARS subscales,
Information (73.37/100), and Engagement (73.48/100) had the
lowest scoreswhile Aesthetics had the highest score (87.86/100;
Figure 3).

Figure 3. Overall quality scores of the Head Computed Tomography Scan A ppropriateness Criteria app.
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Analysis of Significant Differences and Correlation
Between MARS Subscales
Using the Friedman test, the users’ scoresin 5 MARS subscales

were compared, and the result revealed a significant difference
(P<.001).

Meidani et &

Wilcoxon test was applied to investigate the mean difference
between 2 setsof pairsof MARS subscales. Theresultsindicated
a significant relationship between the Aesthetics subscale and
Engagement (P=.001), Information (P=.003), Subjective Qudity
(P=.004), and Functionality (P=.02). A significant relationship
was also found between the Functionality and Information
subscales (P=.01; Table 3).

Table 3. The mean differences between 2 sets of pairs of MARS? subscale scores.

MARS subscales Engagement score  Information score  Subjective quality score Functionality score  Aesthetics score
Information score 0.909 b — — —
Subjective quality score 0.53 0.900 — — —
Functionality score 0.057 0.013 0.32 — —
Aesthetics score 0.001 0.003 0.004 0.02 —

3\ARS: Mobile Apps Rating Scale.
BNot applicable.

Spearman rank correlation coefficient presented a positive
correlation between information with functionality subscales,
rsgg, P=.02. A positive correlation was also seen between
information and satisfaction, r gg, P=.005. Table 4 indicates,
in the subscale Information, the lowest score of the HAC app
was " evidence base” (66.2/100), and the highest scorewasvisua
information (82/100). In the subscale Engagement, the lowest

https://humanfactors.jmir.org/2024/1/€55790

score of the HAC app was for “ customization” (63.6/100), and
the highest score was interest (90/100). In the subscale
Functionality, the lowest score of the HAC app was for
“performance”’ (67.4/100), and the highest score was “ease of
use” (91.2/100). In the subscale Aesthetics, the lowest score of
the HAC app was “visual appea” (83.6/100), and the highest
score was “graphics’ (91.2/100).
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Table 4. Head Computed Tomography Scan Appropriateness Criteria app scoring based on Mobile App Rating Scale 4 subscales.

Scores, mean (SD)  Score out of 100

Information
Accuracy: the app contains what is described

Goadls: specific, measurable, and achievable goals

Quiality of information: the app correct, well-written, and relevant content to the goal
Quantity of information: the extent of coverage within the scope of the app

Visual information: visual (eg, charts, images, and videos) to describe concepts

Credibility: legitimate source of app

Evidence base: trialed and tested app
Engagement

Entertainment

Interest: fun and entertaining of app

Customization: support all preferences for app features (eg, sound and content)

Interactivity: provide feedback, contain reminders, and notifications

Target group
Functionality

Performance: accuracy and speed of the app functions and components (buttons and menus)

Ease of use: easy to learn how to use the app

Navigation: accurate, appropriate, uninterrupted moving between screens

Gestural design: consistency of (taps, swipes, and scrolls) across all components

Aesthetics

Layout: arrangement and size of buttons, icons, menus, and content on the screen

Graphics: the quality and resolution of graphics used for buttons, icons, menus, and content

Visual appeal: look of app

3.6 (0.50) 72.4
3.6 (0.50) 72
35(0.63) 70
3.4(0.72) 68
4.1(0.95) 82
4.06 (0.25) 81.2
3.31(1.07) 66.2
3.25 (0.44) 65
45(0.63) 90
3.18(0.54) 63.6
3.8 (0.40) 763
3.62 (0.50) 72.4
3.37(0.80) 67.4
4.56 (0.62) 91.2
3.8(0.61) 76
3.9(057) 78
4.43(0.72) 88.6
456 (0.51) 91.2
4.18 (0.54) 836

Medical Interns Characteristics and MARS Subscales

Of the 16 users participating in the study, none had used the
HAC app before, and only 1 (6%) person had used similar
applications. Among them, 8 (50%) usersbelieved using mobile
apps for learning and clinical practice is helpful and were
interested in using them. Figure 4 presents a significant

https://humanfactors.jmir.org/2024/1/€55790
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difference between medical interns' interest in using mobile
appsfor learning and clinical practice (low, medium, high) with
the Engagement subscal e using the Kruskal-Wallistest (P=.03).

Figure 5 aso indicates a significant difference between the
medical interns’ interest in using mobile apps with subjective
quality subscales using a 1-way ANOVA test (P=.04).
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Figure 4. Significant difference between engagement and interest in using the mobile app.
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Figure 5. Significant difference between subjective quality and interest in using mobile app.
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_ learnability of the HAC app, they debated that navigation
We explored how useful they perceived the app to be, any  between pages and search capabilities need serious
featuresthey particularly liked or disliked, how easy or difficult  consideration.

it wasto use, and what they thought about the content and design

of the app, which was discussed in the debriefing session. One of the participants wanted this tool to be equipped with

Voice recognition systems:
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We use this tool while walking or moving in different
parts of the hospital, and the possibility of typing or
text entry increases the possibility of errors and, as
aresult, repeating the same action, which will reduce
efficiency. [Participant 2]
Another participant believed this tool should provide accessto
the app at different times and conditions:

| am a doctor, and my hands are bloody; | do not
want to touch my mobile too much, and | prefer this
app to be ableto search for the proper CT scan based
onvoice. [Participant 15]

Another participant expected that apps designed for students
would pay more attention to the educational needs and learning
styles of students:

| think thisissueis so essential that medical education
experts should also be used in the design of apps.
Anyway, each of us has a style to learn. If this
customization feature is not included in the design,
surely some users will not be able to work with this
system or at least feel comfortable and useful while
working with it. [Participant 1]

Discussion

Principal Findings

Our findings demonstrated that the HAC app was practical and
had acceptable usability in efficiency and effectiveness. It also
displayed a positive quality score based onthe MARS scale. In
contrast, results of the TA usability test revealed that the HAC
app has 8 notable usability issues. Theresults proved that despite
thewillingness of researchers and the simplicity of quantitative
and questionnaire-based approaches to conducting usability
testing [6,45], the observational, TA usability testing provided
more unbiased, trustworthy, and insightful data in describing
mobile app usability.

Nevertheless, through dataanalysis of the MARS subscalesa so
brought to light the HAC app’s usability issues, and its results
support the qualitative TA results of this study. This agreement
could be explained by the fact that MARS isascale specifically
designed to assess the quality of mobile apps [46]. Typically,
the available usability scales and questionnaires are not highly
reliable [6]; they are general scales designed primarily for
evaluating the usability of computers or websites.

In addition, current usability and quality rating scales focus
primarily on developers testing the usability of mobile apps,
rather than end users who are patients or HCPs [46].

Itisunlikely that usability issueswill be thoroughly investigated
in sole quantitative and questionnaire-based approaches [47]
and need to be complemented by more objective and reliable
approaches, such as TA methods.

In this study, HAC effectiveness assessment revealed that most
userscompleted all 4 scenarios, although, 2 usersfaced problems
completing scenario 2, which involved finding an appropriate
imaging procedure for the “new onset of seizures’ case. This
failure may be due to the usability issues we categorized under
“poor search capabilities” and “inefficient data presentation and

https://humanfactors.jmir.org/2024/1/€55790
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information control.” As shown in Figure 1, “poor searching
capabilities’ and “poor data presentation” caused along list of
seizure conditions, confusing the participant. Since the maobile
screen was too small, providing a long list of search results
brought more cognitive load to select the correct item, and 2
participants were left to perform this scenario later. However,
they never got back to the scenario again. Our results support
previous research findings. In the study, Chen et a [48]
introduced proper navigation and searching capabilities as
significant factors for users' rating of mHealth apps. Schwab
and Langell [18] debated that ease of navigation is the
foundation of an ideal mabile app since it smooths productivity
and increases effectiveness. In the study to explore the usability
of the physician-to-physician teleconsultation app in an
orthopedic clinic, Choemprayong et al [49] presented maobile
app usability issues in terms of data entry errors, presenting
large-scale data and difficulty in selecting items from a list,
which arise because of limited mobile screen size.

TheHAC app also indicated acceptabl e efficiency and meantime
completion for 4 scenarios. However, scenario 3 also showed
the highest mean time completion. The problem might arise due
to usability issues regarding the “lack of finger-friendly touch
targets.” Thelimited screen size of mobile phonesresultsin the
inappropriate size of buttons or lack of enough padding between
the shortlist button and i cons around the edge of the screen. Our
results agree with previous studies that tapping the mobile phone
buttons correctly is a crucia factor; however, incorrect
operations have been reported frequently in previous studies
[49-51]. In addition to data presentation, the low resolution of
smartphone screens can lead to datainput errors [49]. Existing
evidence revealed highly significant differences between user
effectiveness and efficiency with button sizes. In the study,
Conradi et a [22] reported substantial differencesin error rate
between button sizes (5x5 mm) compared with the other sizes
(8%x8 mm. 11x8 mm, and 14x14 mm. It has been debated that
interaction with mobile devices due to limited screen size and
resolution often requires additional considerations and a
specially adapted interface. The literature al so claimed that key
size manipulation should be considered for users operation
posture and activities (eg, standing, sitting, and walking) in
mobile phone interactions[22]. However, thewide variationin
optimal button size for mobile phones from 2.6 to 41.8 mm
represents human—computer interaction in handheld devices. It
is still in its infancy and regquires more context-awareness to
provide assistance based on the knowledge of its environment.
Another possible explanation for the highest-time completion
for scenario 3 is the usability issue categorized as “unclear
control and confirmation” in this study. The participants of this
study verbalized alack of providing feedback on the HAC app
when they were asked to add a given disease or sign and
symptom to the list. The absence of the confirmation dialogue
for successfully adding the given items to the shortlist resulted
inthe users moving to the shortlist and checking if the command
was run. The exact process occurred when they were asked to
remove the given disease from the shortlist. This rechecking
caused work duplication and led to less efficiency. Work
duplication has a significant and negative influence on
physicians' performance and has been introduced as physicians
barrier to using mobile apps. In astudy, Payne et al [52] found
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that physicianswoul d use mobile appsto improve care workflow
and productivity [38]. In another study, Ely et a [52] found that
physicians believed if working with | T-related tool s takes more
than 2 minutes, they will not be efficient and practical for the
point of care (39). Therefore, the effectiveness and efficacy of
mobile apps serve as critical factors for physicians intention
to use mobile apps [52,53].

Regarding efficiency measures, our results also indicated
significant variation in scenarios’ time completion between the
users. For example, user nhumber 3 scored the highest total
averagetime, nearly 3 timesthat of user number 11 (the lowest
time), to perform the scenarios. Besides designing an optimal
layout, significant variation in scenarios time completion
between the users may be due to the user characteristics. Xiong
et al [20] debated that touch accuracy in mobile phones requires
proper motor skillsand “hand dexterity” in the operating fingers.
Schwab and Langell [18] and Ozkan Gokalp-Yavuz [16] aso
highlighted the importance of user anatomy (eg, average index
or thumb fingertip size) and user dexterity (ie, motor skills) in
users efficiency. Cho et a [51] reported usability problems
related to the buttons of mobile apps developed using an
eye-tracking system and retrospective TA usability evaluation.

The HAC app also showed a favorable quality score based on
the MARS scale. However, the HAC app quality suffered from
some drawbacks in Engagement and Information, which focus
primarily on the effectiveness of appsin terms of interactivity,
customizability, sending feedback, alerts, and reminders. Our
results support previous results for assessing quality apps used
by HCPs. In the study on drug reference appsin Taiwan, Chen
et al [48] also reported poor engagement capabilities in terms
of lack of entertainment, interactivity, and customization in the
studied apps in Taiwan. In the study investigating influential
factors in adopting a clinical photo documentation app for
clinicians, Jacob discussed some drawbacks in engagement
capabilitiesthat need to be added for further revision of agiven
app[15]. Although few studiesexist on using MARSto evaluate
clinical appsadopted by HCPs, other relevant evidence supports
our findings. In aqualitative study, Pokhrel et al [54] presented
that HCPs prefer mobile apps that help them in their clinical
practices, including “suggestive diagnosis and treatment after
entering.” Reports of studies that focused on using other IT
toolkits also revealed that the I T tool would be effective among
HCPs if it would support interactivity, answer physicians
questions, send feedback, and provide decision reasoning.
Sandholzer et a [55] also introduced “prediction capabilities
of mobile apps’ as the most important preferences of medical
students toward specific functionalities of future mobile apps.
Despite the HAC app’'s drawbacks in engagement and
information subscales, its quality in aesthetics has shown
favorable MARS scoring. In a study of preferences and
perceptions of usersregarding graphical user interface and user
experience, Sandesaraet al [56] reported that minimalist design
improves user experience and user control to fulfill atask in a
specific order and time. The author argued that “simplicity is
the ultimate sophistication” [56]. To the best of our knowledge,
no study has evaluated and reported the items of each subscale
of MARS and research islacking on the eval uation of adopting
and usability testing of a mobile app by HCPs [1]. Lack of
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related literatureto assesstheitems of each subscalesof MARS
led to poor in-depth understandings and meaningful perception
of apps’ quality featuresin previous evidence. Therefore, it was
impossible to compare HAC app quality rating with previous
research properly. However, the results of quality assessment
using MARS supports TA qualitative findings of this study.
HAC app quality scoring in the functionality subscale revealed
the minimum score belonged to the performance items, which
focuses on the accuracy and speed of the app functions and
components such as buttons or menus. Navigation also scored
the minimum rating in the given subscale. In the subscale
Engagement, theitem customization that supports providing all
necessary settings for apps features and the item interactivity
that allows user input, providing feedback, and containing
reminders and notifications al so acquired the minimum scoring.

Our findings in the debrief session indicated that physicians
with clear awareness and understanding of their clinical context
and work processes tend to use other data input methods, such
as voice recognition, to interact with the HAC app. The results
of physicians workflow analysis and time and motion studies
presented the medical profession asamultitasking job, not only
managing patient care but also spending part of their activities
on indirect tasks, from doing paper work and documentation to
transitioning and traveling within the clinic area, or fetching or
bringing something [57,58]. Thus, in designing mobile apps,
performance accuracy and time on users tasks in different
positions while walking or standing should be addressed
appropriately. It has been argued that interaction with maobile
devices while walking influences people’s visua acuity and
suppresses this ability by nearly 20% compared with visual
acuity while standing [22]. Conradi et a [22] debated that
walking is prone to a very high number of error occurrences,
whichisremarkablein smaller buttons. Using mobile appswith
text entry methods involves physicians experiencing various
interaction issues in terms of difficulty in typing on the small
screen, mistapping due to inappropriate size of the buttons or
lack of spacing between buttons, poor data presentation, and so
on. Any poor mobileinteraction is attention-grabbing and makes
physicians concentrate solely on interacting with the mobile
app to increase their performance accuracy. It would distract
them from their main concern, which is interacting with the
patients.

Moreover, it results in a long time being on the task and
decreases the efficiency and effectiveness of HCPs in clinical
settings. Auditory and sonic interfaces occupy less visual
attention and make users less engaged in the sole main task.
Consequently, users can handle multiple tasks simultaneously
[59]. Here, physicians should be equipped with an alternative
input method, for example, speech recognition. Evidence
revealed that speech recognition has the potential to be amore
efficient and effective method to speed up the entry rateswhile
declining the error rates. It was reported that speech recognition
supports high entry rates (speaks at a mean entry rate of 13-45
words per minute while walking around) and a low error rate
of <2% [60]. Given the requirement that medical interns
suggested, they emphasized the importance of
“context-awareness’ design in mobile apps that focuses on
capturing and exploring context-based information to describe
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any entity (eg, persons, places, objects, and workflows)
embedded in the environment to fully understand and
characterize users tasks[59].

Implications

The evaluation framework used in this study can serve as a
guide for the design and improvement of future clinical mobile
appsto ensure they meet usability and quality standardsfor use
by HCPs. Identifying usability issues through user feedback
and analysis can help developersimprove the usability and user
satisfaction of clinica mobile apps among HCPs. Moreover,
the results of the study can serve as a reference for HCPs and
developersin selecting and implementing clinical mobile apps
with acceptable usability and quality. It emphasizes the
importance of multidisciplinary research, incorporating medical
education specialists expertise, and considering user
characteristics like motor skills and hand dexterity. The mixed
methods approach used in the study, including MARS and TA
analysis, can be adopted to gather valuable insights into user
behavior and inform the design process of future appsfor HCPs
and developers. The study also suggests context-awareness
design as a critical factor in devel oping meaningful | T-based
solutions such as mobile apps.

Acknowledgments

Meidani et &

Limitations

However, our investigation is subject to some limitations. It
was conducted using a limited sample a specific target group
(medical interns), and attending physicians and residents were
not involved in the study. No contributionsfrom I T experts and
app developerswereincluded in the evaluation of the HAC app.
The study focused on the usability and quality of the HAC app
in a specific medical context in Iran, which may limit the
applicability of the findings to other health care settings or
countries.

Conclusions

A mixed methods approach in evaluating the quality and
usability of mobile apps yields valuable insights into the
strengths and weaknesses of mobile apps. Adopting a holistic
and multifaceted approach in evaluating mobile apps is highly
recommended, as exclusively relying on a single methodol ogy
does not providereliable and trustworthy information about the
usability and quality of mobile apps. The results a so presented
that the unique characteristics of mobile devices, such asscreen
size, the users anatomical characteristics, and motor skills,
influence users' interaction and usability with mobile apps.
Therefore, considering these characteristics and developing
more tailored tools and methods for usability testing of mobile
apps can bring potentia benefits for developers,
decision-makers, and HCPs.

The research team express their sincere gratitude to those who participated in the study.

The study was supported financially by the Deputy of Research and Technology of Kashan University of Medical Sciences

(KAUMYS) in Iran (grant 99190).

Authors Contributions

ZM, AO, EN, and RK made substantial contributions to the conception and design of the study. FA, ZM, AO, HA, EN, ZN, and
FH participated in data collection and performed the statistical analysis. ZM, EN, and FH contributed to manuscript drafting,
revision, and approval. All authors read and approved the final manuscript.

Conflicts of Interest
None declared.

References

1. Medani Z, Atoof F, Mobarak Z, Nabovati E, Daneshvar Kakhki R, Kouchaki E, et al. Development of clinical-guideline-based
mobile application and its effect on head CT scan utilization in neurol ogy and neurosurgery departments. BMC Med Inform
Decis Mak. Apr 20, 2022;22(1):106. [FREE Full text] [doi: 10.1186/s12911-022-01844-3] [Medline: 35443649]

2. Garner SL, Sudia T, Rachaprolu S. Smart phone accessibility and mHealth use in alimited resource setting. Int J Nurs
Pract. Feb 20, 2018;24(1):10.1111/ijn.126009. [doi: 10.1111/ijn.12609] [Medline: 29159919]

3.  Matricardi PM, Dramburg S, Alvarez-Perea A, Antolin-Amérigo D, Apfelbacher C, Atanaskovic-Markovic M, et al. The
role of mobile health technologiesin allergy care: an EAACI position paper. Allergy. Feb 16, 2020;75(2):259-272. [FREE
Full text] [doi: 10.1111/al1.13953] [Medline: 31230373]

4.  AnthesE. Mental health: there's an app for that. Nature. Apr 07, 2016;532(7597):20-23. [doi: 10.1038/532020a] [Medline:
27078548]

5.  TarriconeR, PetraccaF, Cucciniello M, Ciani O. Recommendationsfor devel oping alifecycle, multidimensional assessment
framework for mobile medical apps. Health Econ. Sep 06, 2022;31 Suppl 1(Suppl 1):73-97. [FREE Full text] [doi:
10.1002/hec.4505] [Medline: 35388585]

6. Zhoul, Bao J, Setiawan IM, Saptono A, Parmanto B. The mHealth App Usability Questionnaire (MAUQ): devel opment
and validation study. IMIR Mhealth Uhealth. Apr 11, 2019;7(4):€11500. [FREE Full text] [doi: 10.2196/11500] [Medline:
30973342]

https://humanfactors,jmir.org/2024/1/€55790 JMIR Hum Factors 2024 | vol. 11 | €55790 | p. 15

(page number not for citation purposes)


https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-022-01844-3
http://dx.doi.org/10.1186/s12911-022-01844-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35443649&dopt=Abstract
http://dx.doi.org/10.1111/ijn.12609
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29159919&dopt=Abstract
http://hdl.handle.net/20.500.11820/9344859c-ba50-44d3-8882-4838d3328dd0
http://hdl.handle.net/20.500.11820/9344859c-ba50-44d3-8882-4838d3328dd0
http://dx.doi.org/10.1111/all.13953
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31230373&dopt=Abstract
http://dx.doi.org/10.1038/532020a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27078548&dopt=Abstract
https://europepmc.org/abstract/MED/35388585
http://dx.doi.org/10.1002/hec.4505
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35388585&dopt=Abstract
https://mhealth.jmir.org/2019/4/e11500/
http://dx.doi.org/10.2196/11500
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30973342&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS Meidani et &

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Meyerowitz-Katz G, Ravi S, Arnolda L, Feng X, Maberly G, Astell-Burt T. Rates of attrition and dropout in app-based
interventions for chronic disease: systematic review and meta-analysis. JMed Internet Res. Sep 29, 2020;22(9):e20283.
[FREE Full text] [doi: 10.2196/20283] [Medline: 32990635]

AduMD, Malabu UH, Malau-Aduli AE, Malau-Aduli BS. The development of my care hub mobile-phone app to support
self-management in Australians with type 1 or type 2 diabetes. Sci Rep. Jan 08, 2020;10(1):7. [FREE Full text] [doi:
10.1038/s41598-019-56411-0] [Medline: 31913296]

Owen JE, Jaworski BK, Kuhn E, Makin-Byrd KN, Ramsey KM, Hoffman JE. mHealth in the wild: using novel datato
examine the reach, use, and impact of PTSD coach. IMIR Ment Health. Mar 25, 2015;2(1):e7. [FREE Full text] [doi:
10.2196/mental.3935] [Medline: 26543913]

Singh K, Diamantidis CJ, Ramani S, Bhavsar NA, Mara P, Warner J, et al. Patients and nephrologists evaluation of
patient-facing smartphone apps for CKD. Clin J Am Soc Nephrol. Apr 05, 2019;14(4):523-529. [FREE Full text] [doi:
10.2215/CJIN.10370818] [Medline: 30898873]

Singh K, Drouin K, Newmark LP, Lee J, Faxvaag A, Rozenblum R, et al. Many mobile health apps target high-need,
high-cost populations, but gaps remain. Health Aff (Millwood). Dec 01, 2016;35(12):2310-2318. [doi:
10.1377/hithaff.2016.0578] [Medline: 27920321]

Losa-lglesias ME, Becerro-de-Bengoa Losa K, Lépez-L6pez D, Jimenez-Fernandez R, Corral-Lirial, Vazquez RR, et al.
The usability of aheartbeat measuring maobile phone app: an observationa study. JMed Syst. Jun 12, 2019;43(7):226. [doi:
10.1007/s10916-019-1367-5] [Medline: 31190188]

Mickan S, Tilson JK, Atherton H, Roberts NW, Heneghan C. Evidence of effectiveness of health care professionals using
handheld computers: a scoping review of systematic reviews. JMed Internet Res. Oct 28, 2013;15(10):e212. [FREE Full
text] [doi: 10.2196/jmir.2530] [Medline: 24165786]

Al-Ghamdi S. Popularity and impact of using smart devicesin medicine: experiencesin Saudi Arabia. BMC Public Health.
Apr 20, 2018;18(1):531. [FREE Full text] [doi: 10.1186/s12889-018-5465-y] [Medline: 29678133]

Jacob C, Sanchez-Vazquez A, Ivory C. Factors impacting clinicians adoption of a clinical photo documentation app and
itsimplications for clinical workflows and quality of care: qualitative case study. IMIR Mhealth Uhealth. Sep 23,
2020;8(9):€20203. [FREE Full text] [doi: 10.2196/20203] [Medline: 32965232]

Ozkan NF, Gokalp-Yavuz F. Effects of dexterity level and hand anthropometric dimensions on smartphone users’ satisfaction.
Mob Inf Syst. 2015;2015:1-9. [doi: 10.1155/2015/649374]

Wu P, Zhang R, Luan J, Zhu M. Factors affecting physicians using mobile health applications: an empirical study. BMC
Health Serv Res. Jan 04, 2022;22(1):24. [FREE Full text] [doi: 10.1186/s12913-021-07339-7] [Medline: 34983501]
Schwab T, Langell J. Human factors-based mobile application design for global health. Surg Innov. Nov 22,
2018;25(6):557-562. [doi: 10.1177/1553350618814643] [Medline: 30465467]

Teferi GH, Tilahun BC, Guadie HA, Amare AT. Smartphone medical app use and associated factors among physicians at
referral hospitalsin Amhararegion, North Ethiopia, in 2019: cross-sectional study. IMIR Mhealth Uhealth. Mar 26,
2021;9(3):€19310. [FREE Full text] [doi: 10.2196/19310] [Medline: 33769303]

Xiong J, Muraki S, Fukumoto K. The effects of touch button size on touchscreen operability. JMech Eng Autom. Aug 28,
2014;4(8):667-672. [doi: 10.17265/2159-5275/2014.08.006]

Idam MN, Karim MM, Inan TT, Islam AK. Investigating usability of maobile health applicationsin Bangladesh. BMC Med
Inform Decis Mak. Feb 03, 2020;20(1):19. [FREE Full text] [doi: 10.1186/s12911-020-1033-3] [Medline: 32013965]
Conradi J, Busch O, Alexander T. Optimal touch button size for the use of mobile devices while walking. Procedia Manuf.
2015;3:387-394. [doi: 10.1016/j.promfg.2015.07.182]

Zahiri Esfahani M, Khajouel R, Baneshi MR. Augmentation of the think aloud method with users' perspectives for the
selection of a picture archiving and communication system. J Biomed Inform. Apr 2018;80:43-51. [FREE Full text] [doi:
10.1016/}.jbi.2018.02.017] [Medline: 29501909]

Farrahi R, Rangraz Jeddi F, Nabovati E, Sadeqi Jabali M, Khajouei R. The relationship between user interface problems
of an admission, discharge and transfer module and usability features: a usability testing method. BMC Med Inform Decis
Mak. Aug 24, 2019;19(1):172. [FREE Full text] [doi: 10.1186/s12911-019-0893-x] [Medline: 31445520]

Stoyanov SR, Hides L, Kavanagh DJ, Wilson H. Development and validation of the user version of the mobile application
rating scale (UMARS). IMIR Mhealth Uhealth. Jun 10, 2016;4(2):e72. [FREE Full text] [doi: 10.2196/mhealth.5849]
[Medline: 27287964]

Thurmond VA. The point of triangulation. J Nurs Scholarsh. Apr 23, 2001;33(3):253-258. [doi:
10.1111/j.1547-5069.2001.00253.x] [Medline: 11552552]

Pavlicek J, Pavlickova P. Usability testing methods and usability laboratory management. In: Castro LM, editor. Updates
on Software Usability. New York, NY. IntechOpen; 2022.

Baxter K, Courage C, Caine K. Understanding Your Users: A Practical Guide to User Research Methods. New York, NY.
Morgan Kaufmann; 2015.

Sauro J. A Practical Guide to Measuring Usability: 72 Answers to the Most Common Questions about Quantifying the
Usahility of Websites and Software. New York, NY. Measuring Usability LL C; 2010.

https://humanfactors,jmir.org/2024/1/€55790 JMIR Hum Factors 2024 | vol. 11 | €55790 | p. 16

(page number not for citation purposes)


https://www.jmir.org/2020/9/e20283/
http://dx.doi.org/10.2196/20283
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32990635&dopt=Abstract
https://doi.org/10.1038/s41598-019-56411-0
http://dx.doi.org/10.1038/s41598-019-56411-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31913296&dopt=Abstract
https://mental.jmir.org/2015/1/e7/
http://dx.doi.org/10.2196/mental.3935
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26543913&dopt=Abstract
https://europepmc.org/abstract/MED/30898873
http://dx.doi.org/10.2215/CJN.10370818
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30898873&dopt=Abstract
http://dx.doi.org/10.1377/hlthaff.2016.0578
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27920321&dopt=Abstract
http://dx.doi.org/10.1007/s10916-019-1367-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31190188&dopt=Abstract
https://www.jmir.org/2013/10/e212/
https://www.jmir.org/2013/10/e212/
http://dx.doi.org/10.2196/jmir.2530
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24165786&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-018-5465-y
http://dx.doi.org/10.1186/s12889-018-5465-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29678133&dopt=Abstract
https://mhealth.jmir.org/2020/9/e20203/
http://dx.doi.org/10.2196/20203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32965232&dopt=Abstract
http://dx.doi.org/10.1155/2015/649374
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-021-07339-7
http://dx.doi.org/10.1186/s12913-021-07339-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34983501&dopt=Abstract
http://dx.doi.org/10.1177/1553350618814643
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30465467&dopt=Abstract
https://mhealth.jmir.org/2021/3/e19310/
http://dx.doi.org/10.2196/19310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33769303&dopt=Abstract
http://dx.doi.org/10.17265/2159-5275/2014.08.006
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-020-1033-3
http://dx.doi.org/10.1186/s12911-020-1033-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32013965&dopt=Abstract
http://dx.doi.org/10.1016/j.promfg.2015.07.182
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(18)30035-2
http://dx.doi.org/10.1016/j.jbi.2018.02.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29501909&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-019-0893-x
http://dx.doi.org/10.1186/s12911-019-0893-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31445520&dopt=Abstract
https://mhealth.jmir.org/2016/2/e72/
http://dx.doi.org/10.2196/mhealth.5849
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27287964&dopt=Abstract
http://dx.doi.org/10.1111/j.1547-5069.2001.00253.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11552552&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS Meidani et &

30.

31.

32.

33.

35.
36.

37.
38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

Macefield R. How to specify the participant group size for usability studies: a practitioner's guide. J Usability Stud.
2009;5(1):34-45.

Cho H. Development and usability evaluation of an mHealth application for symptom self-management in underserved
personsliving with HIV. Columbia University Libraries. 2017. URL : https://academiccommons.columbia.edu/doi/10.7916/
D8X06K W [accessed 2024-04-29]

Peute LW, de Keizer NF, Jaspers MW. The value of retrospective and concurrent think aloud in formative usability testing
of aphysician data query tool. J Biomed Inform. Jun 2015;55:1-10. [FREE Full text] [doi: 10.1016/j.jbi.2015.02.006]
[Medline: 25733166]

Screen recorder - AZ recorder. Google Play. URL : https://play.google.com/store/apps/detail s7id=com.hecorat.screenrecorder.
free& hi=en& gl=US& pli=1 [accessed 2024-04-29]

Olmsted-Hawala EL, Murphy ED, Hawala S, Ashenfelter KT. Think-aloud protocols: a comparison of three think-aloud
protocols for use in testing data-dissemination web sites for usability. In: Proceedings of the 2010 SIGCHI Conference on
Human Factorsin Computing Systems. 2010. Presented at: CHI '10; April 10-15, 2010:2381-2390; Atlanta, GA. URL:
https://dl.acm.org/doi/10.1145/1753326.1753685 [doi: 10.1145/1753326.1753685]

LiuL, Ozsu MT. Encyclopedia of Database Systems. Cham, Switzerland. Springer; 2009.

Nielsen J. Usability 101: introduction to usability. Nielsen Norman Group. URL : https:.//www.nngroup.com/articles/
usability-101-introduction-to-usability/ [accessed 2016-11-01]

Abran A. Usability meanings and interpretations in 1SO standards. Softw Qual J. 2003;11:325-338. [FREE Full text]

Joe J, Chaudhuri S, Le T, Thompson H, Demiris G. The use of think-aloud and instant data analysisin evaluation research:
exemplar and lessons learned. J Biomed Inform. Aug 2015;56:284-291. [FREE Full text] [doi: 10.1016/].jbi.2015.06.001]
[Medline: 26071683]

Kyngas H, Mikkonen K, K&aridinen M. The Application of Content Analysisin Nursing Science Research. Cham,
Switzerland. Springer; 2020.

Elo S, Kyngéds H. The qualitative content analysis process. JAdv Nurs. Apr 18, 2008;62(1):107-115. [doi:
10.1111/j.1365-2648.2007.04569.x] [Medline: 18352969)]

Azungah T. Qualitative research: deductive and inductive approaches to data analysis. Qual Res J. Oct 31,
2018;18(4):383-400. [doi: 10.1108/grj-d-18-00035]

Raees A, Khgjouei R, Ahmadian L. Evaluating and rating HIV/AIDS mobile apps using the feature-based application
rating method and mobile app rating scale. BMC Med Inform Decis Mak. Oct 30, 2022;22(1):281. [FREE Full text] [doi:
10.1186/s12911-022-02029-8] [Medline: 36310157]

Henshall C, Davey Z, Jacelon C, Martin C. A usability study to test the effectiveness, efficiency and simplicity of a newly
developed I nternet-based Exercise-focused Health App for Lung cancer survivors (IEXHALE): protocol paper. Health
Informatics J. Jun 21, 2020;26(2):1431-1442. [FREE Full text] [doi: 10.1177/1460458219882268] [Medline: 31631739]
Smith CP. Content analysisand narrative analysis. In: ReisHT, Judd CM, editors. Handbook of Research Methodsin Social
and Personality Psychology. Cambridge, MA. Cambridge University Press; 2000:313-335.

Ye B, Chu CH, Bayat S, Babineau J, How T, Mihailidis A. Researched apps used in dementia care for people living with
dementia and their informal caregivers: systematic review on app features, security, and usability. JMed Internet Res. Oct
12, 2023;25:e46188. [FREE Full text] [doi: 10.2196/46188] [Medline: 37824187]

Azad-Khaneghah P, Neubauer N, Miguel Cruz A, Liu L. Mobile health app usability and quality rating scales: a systematic
review. Disabil Rehabil Assist Technol. Oct 08, 2021;16(7):712-721. [doi: 10.1080/17483107.2019.1701103] [Medline:
31910687]

Gibson A, McCauley C, MulvennaMD, Ryan A, Laird L, Curran K, et al. Assessing usability testing for people living with
dementia. In: Proceedings of the 4th Workshop on ICTs for improving Patients Rehabilitation Research Techniqu. 2016.
Presented at: REHAB '16; October 13-14, 2016:25-31; Lisbon, Portugal. URL : https.//dl.acm.org/doi/10.1145/3051488.
3051492 [doi: 10.1145/3051488.3051492]

Chen YC, Liao W, Su M, Lin Y. Personalized and self-management: systematic search and evaluation quality factors and
user preference of drug reference appsin Taiwan. J Pers Med. Aug 12, 2021;11(8):790. [EREE Full text] [doi:
10.3390/jpm11080790] [Medline: 34442435]

Choemprayong S, Charoenlap C, Piromsopa K. Exploring usability issues of a smartphone-based physician-to-physician
teleconsultation app in an orthopedic clinic: mixed methods study. JIMIR Hum Factors. Dec 20, 2021;8(4):€31130. [FREE
Full text] [doi: 10.2196/31130] [Medline: 34931991]

Ast K. Diagnostic efficacy of handheld devicesfor emergency radiol ogic consultation. JEmerg Med. Aug 2010;39(2):273.
[doi: 10.1016/j.jemermed.2010.04.044]

Cho H, Yen P, Dowding D, Merrill JA, Schnall R. A multi-level usability evaluation of mobile health applications: a case
study. J Biomed Inform. Oct 2018;86:79-89. [FREE Full text] [doi: 10.1016/j.jbi.2018.08.012] [Medline: 30145317]
Payne KF, Wharrad H, Watts K. Smartphone and medical related app use among medical students and junior doctorsin
the United Kingdom (UK): aregional survey. BMC Med Inform Decis Mak. Oct 30, 2012;12(1):121. [FREE Full text]
[doi: 10.1186/1472-6947-12-121] [Medline: 23110712]

https://humanfactors,jmir.org/2024/1/€55790 JMIR Hum Factors 2024 | vol. 11 | €55790 | p. 17

(page number not for citation purposes)


https://academiccommons.columbia.edu/doi/10.7916/D8X06KJW
https://academiccommons.columbia.edu/doi/10.7916/D8X06KJW
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(15)00038-6
http://dx.doi.org/10.1016/j.jbi.2015.02.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25733166&dopt=Abstract
https://play.google.com/store/apps/details?id=com.hecorat.screenrecorder.free&hl=en&gl=US&pli=1
https://play.google.com/store/apps/details?id=com.hecorat.screenrecorder.free&hl=en&gl=US&pli=1
https://dl.acm.org/doi/10.1145/1753326.1753685
http://dx.doi.org/10.1145/1753326.1753685
https://www.nngroup.com/articles/usability-101-introduction-to-usability/
https://www.nngroup.com/articles/usability-101-introduction-to-usability/
https://link.springer.com/article/10.1023/A:1025869312943
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(15)00111-2
http://dx.doi.org/10.1016/j.jbi.2015.06.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26071683&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2648.2007.04569.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18352969&dopt=Abstract
http://dx.doi.org/10.1108/qrj-d-18-00035
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-022-02029-8
http://dx.doi.org/10.1186/s12911-022-02029-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36310157&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/1460458219882268?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/1460458219882268
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31631739&dopt=Abstract
https://www.jmir.org/2023//e46188/
http://dx.doi.org/10.2196/46188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37824187&dopt=Abstract
http://dx.doi.org/10.1080/17483107.2019.1701103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31910687&dopt=Abstract
https://dl.acm.org/doi/10.1145/3051488.3051492
https://dl.acm.org/doi/10.1145/3051488.3051492
http://dx.doi.org/10.1145/3051488.3051492
https://www.mdpi.com/resolver?pii=jpm11080790
http://dx.doi.org/10.3390/jpm11080790
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34442435&dopt=Abstract
https://humanfactors.jmir.org/2021/4/e31130/
https://humanfactors.jmir.org/2021/4/e31130/
http://dx.doi.org/10.2196/31130
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34931991&dopt=Abstract
http://dx.doi.org/10.1016/j.jemermed.2010.04.044
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(18)30167-9
http://dx.doi.org/10.1016/j.jbi.2018.08.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30145317&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/1472-6947-12-121
http://dx.doi.org/10.1186/1472-6947-12-121
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23110712&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS Meidani et &

53.

55.

56.

57.

58.

59.

60.

Ely JW, Osheroff JA, Ebell MH, Bergus GR, Levy BT, Chambliss ML, et al. Analysis of questions asked by family doctors
regarding patient care. BMJ. Aug 07, 1999;319(7206):358-361. [ FREE Full text] [doi: 10.1136/bmj.319.7206.358] [Medline:
10435959]

Pokhrel B, Karmacharya R, Taylor Salisbury T, Carswell K, Kohrt BA, Jordans MJ, et al. Perception of healthcare workers
on mobile app-based clinica guideline for the detection and treatment of mental health problemsin primary care: aqualitative
study in Nepal. BMC Med Inform DecisMak. Jan 19, 2021;21(1):21. [FREE Full text] [doi: 10.1186/s12911-021-01386-0]
[Medline: 33468120]

Sandholzer M, Deutsch T, Frese T, Winter A. Medical students' attitudes and wishes towards extending an educational
general practice app to be suitable for practice: a cross-sectional survey from Leipzig, Germany. Eur J Gen Pract. Jun 22,
2016;22(2):141-146. [doi: 10.3109/13814788.2016.1144746] [Medline: 27101949]

SandesaraM, Bodkhe U, Tanwar S, Alshehri MD, SharmaR, Neagu B, et al. Design and experience of mobile applications:
apilot survey. Mathematics. Jul 06, 2022;10(14):2380. [doi: 10.3390/math10142380]

Frey SM, Méan M, Garnier A, Castioni J, Wenger N, Egloff M, et a. Inter-hospital comparison of working time allocation
among internal medicine residents using time-motion observations: an innovative benchmarking tool. BMJ Open. Feb 16,
2020;10(2):e033021. [FREE Full text] [doi: 10.1136/bmjopen-2019-033021] [Medline: 32066604]

Tipping MD, Forth VE, Magill DB, Englert K, Williams MV. Systematic review of time studies evaluating physiciansin
the hospital setting. JHosp Med. Aug 20, 2010;5(6):353-359. [doi: 10.1002/jhm.647] [Medline: 20803675]

Lumsden J. Handbook of Research on User Interface Design and Evaluation for Mobile Technology. New York, NY. IGI
global; 2008.

Kristensson PO, Jameson A. Five challengesfor intelligent text entry methods. Al Magazine. Dec 2009;30(4):85-94. [doi:
10.1609/aimag.v30i4.2269]

Abbreviations

CT: computed tomography

CTA: computed tomography angiography

HAC: Head Computed Tomography Scan Appropriateness Criteria
HCP: health care provider

KAUMS: Kashan University of Medical Sciences

MARS: Mobile Apps Rating Scale

mHealth: mobile health

TA: think-aloud

Edited by A Kushniruk, D Kaufman; submitted 01.01.24; peer-reviewed by C Ni, R Spang; comments to author 04.03.24; revised
version received 10.05.24; accepted 07.07.24; published 09.09.24

Please cite as:

Meidani Z, Omidvar A, Akbari H, Asghari F, Khajouei R, Nazemi Z, Nabovati E, Holl F

Evaluating the Usability and Quality of a Clinical Mobile App for Assisting Physiciansin Head Computed Tomography Scan Ordering:
Mixed Methods Study

JMIR Hum Factors 2024;11:e55790

URL: https://humanfactors.jmir.org/2024/1/€55790

doi: 10.2196/55790

PMID:

©Zahra Meidani, Aydine Omidvar, Hossein Akbari, Fatemeh Asghari, Reza Khajouel, Zahra Nazemi, Ehsan Nabovati, Felix
Holl. Originally published in IMIR Human Factors (https://humanfactors,jmir.org), 09.09.2024. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in IMIR Human
Factors, isproperly cited. The complete bibliographic information, alink to theorigina publication on https.//humanfactors.jmir.org,
aswell asthis copyright and license information must be included.

https://humanfactors,jmir.org/2024/1/€55790 JMIR Hum Factors 2024 | vol. 11 | €55790 | p. 18

RenderX

(page number not for citation purposes)


https://europepmc.org/abstract/MED/10435959
http://dx.doi.org/10.1136/bmj.319.7206.358
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10435959&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-021-01386-0
http://dx.doi.org/10.1186/s12911-021-01386-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33468120&dopt=Abstract
http://dx.doi.org/10.3109/13814788.2016.1144746
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27101949&dopt=Abstract
http://dx.doi.org/10.3390/math10142380
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=32066604
http://dx.doi.org/10.1136/bmjopen-2019-033021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32066604&dopt=Abstract
http://dx.doi.org/10.1002/jhm.647
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20803675&dopt=Abstract
http://dx.doi.org/10.1609/aimag.v30i4.2269
https://humanfactors.jmir.org/2024/1/e55790
http://dx.doi.org/10.2196/55790
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

