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Abstract: The rapid growth of the mHealth market has led to the development of several tools to
evaluate user experience. However, there is a lack of universal tools specifically designed for this
emerging technology. This study was conducted with the aim of developing and verifying a user
experience evaluation scale for mHealth apps based on factors proposed in previous research. The
initial draft of the tool was created following a comprehensive review of existing questionnaires
related to mHealth app evaluation. The validity of this scale was then tested through exploratory and
confirmatory factor analysis. The results of the factor analysis led to the derivation of 16 items, which
were conceptually mapped to five factors: ease of use and satisfaction, information architecture,
usefulness, ease of information, and aesthetics. A case study was also conducted to improve mHealth
apps concerning personal health records using this scale. In conclusion, the developed user experience
evaluation scale for mHealth apps can provide comprehensive user feedback and contribute to the
improvement of these apps.

Keywords: health care; health care application; mHealth; user experience; personal health record

1. Introduction

The aging population and a growing interest in individual health care have fueled
an increase in demand for eHealth services. eHealth uses information and communica-
tions technology to support health and health-related service fields [1]. Mobile health
(mHealth), a subset of eHealth, leverages mobile wireless devices like cellular phones,
tablets, smartphones, and other wireless devices to deliver health services and informa-
tion [2]. In addition, the popularization of smart devices has created an environment
where individuals can manage their health, promoting the demand for mHealth apps [3].
Moreover, the high portability of smartphones allows access to health information at any
time [3].

Health information technology products fall into three categories: (1) those for admin-
istrative functions, (2) those for health management functions, and (3) those serving as
medical devices [4]. Administrative functions are aimed at patient scheduling and billing,
while health management functions are aimed at providing health care services to patients.
Medical device functions are aimed at individuals who maintain, improve, or manage
their health. Examples include telemedicine, appointment scheduling and notifications,
self-diagnosis, habit tracking, fitness and well-being, mental health, and personal health
records (PHRs). These functions allow users to check their health status and help medical
service providers access patients alienated from the health system. Implicit in medical
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information management in the context of prescribing mHealth, the safety and efficacy of
such technology are imperative for its evidence-based use.

However, many mHealth apps are developed with scant end-user feedback, often
overlooking user requirements [5,6]. Among the requirements for users, health literacy
is a critical and direct determinant of health [7]. Health literacy is defined as the cogni-
tive and social skills determining the motivation and ability of individuals to gain access,
understand, and use information in ways that promote and maintain good health [8]. It
can improve population health and address health gaps [9]. Therefore, health literacy is
a key factor in improving the accessibility and quality of health care. However, mHealth
apps require a high level of health literacy because their contents often comprise medical
terms and jargon that are difficult to understand [10]. Therefore, the popularity of mHealth
apps is limited because they are difficult to use and interact with [11]. Thus, user expe-
riential feedback should be considered to increase individual access to medical services
and initiative in using health data. It is essential to develop mHealth apps that allow users
to access health data easily. Therefore, developing a measurement tool that can obtain
comprehensive user feedback on mHealth apps, including health literacy elements, and act
as a checklist for designing new mHealth apps with a good user experience is necessary.

In recent years, PHR has been geared towards providing safer and more personalized
health care to patients, with its use on a steady rise [12]. PHR collectively refers to electronic
medical charts containing information such as patient medical data [13]. Using PHRs, users
can record and manage their health data on a website or in an app, and they are gradually
being provided in mHealth apps. Patients can access various medical information, such as
their test results and prescriptions, earlier accessible only to medical service providers [13].
In addition, patients can check their health status by adding medical records such as
personal information and medical history [14]. This helps patients remotely communicate
symptoms and side effects to medical service providers [12]. Thus, PHR is a technology and
service that empowers individuals to integrate and manage their medical data, providing
and utilizing them as needed. PHR provides a user-led medical environment experience
with self-determination using personal health data and is an important service for patient
self-health-care. Because PHR is a patient-centered healthcare system, increasing patient
participation by providing transparent and better information is necessary [14].

Among the cognitive factors influencing an individual’s motivation to use a health app,
eHealth literacy plays a significant role in determining the app’s use, directly impacting the
user’s intention to continue its use [15]. Moreover, PHR, which provides health information
and is directly managed by patients, has high health literacy requirements, potentially
excluding many users if strategies are not introduced to support their use [16]. Hence, PHR
app design should consider patients with different levels of health literacy to positively
influence the efficacy of the PHR app to support patient-centered care. Moreover, when
individuals perceive the high ease of use of health apps, they may feel more confident in
using them [15]. Therefore, research on improving the user experience and convenience of
mHealth apps, such as PHR, is important. In addition, long-term research on evaluating
the effects of PHR on health, design strategies, and functions needed is essential.

Given that the evaluation factors in measurement tools from previous studies solely
focused on usability, usefulness, and quality [17,18], there was a need for an easy-to-use
tool that could comprehensively measure a patient’s experience with mHealth apps. As
a result, this study identified key factors for mHealth apps to consider and developed a
comprehensive usability evaluation questionnaire for end users.

This study aims to develop and validate a user experience evaluation scale for mHealth
apps, drawing on user experience factors proposed in prior studies [19–24]. In particular,
the scale was newly developed to reflect health literacy, which is emphasized as an impor-
tant element in mHealth apps. In addition, using the proposed user experience evaluation
scale, we evaluated and improved the user experience and interface design of “My Health
Record”, a currently commercialized PHR app.
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2. Materials and Methods
2.1. Literature Reviews on Previous Mobile Health App Measurements

A variety of questionnaires have been employed to assess the usability of mHealth
app services. Typically, the System Usability Scale (SUS), Mobile Application Rating Scale
(MARS), and Post-Study System Usability Questionnaire (PSSUQ) have been used [17].
However, unlike MARS, SUS [25] and PSSUQ [26] were not developed to evaluate mHealth
apps. These are standardized questionnaires configured for application to various systems
and are widely used to measure users’ perceived satisfaction with websites, software,
systems, or products. Hence, there is no consensus on usability measurement tools to
understand the various factors of the mHealth app when using various measurement
tools [27]. With the development of new technologies like smartphones and mHealth apps,
there’s a need for new measurement tools for system evaluation.

To date, several attempts have been made to develop measurement tools that evaluate
the usability of mHealth apps [18]. We compare four widely used representative methods
in Table 1.

Table 1. Mobile health app measurements.

Measurement Author(s) Dimensions
(Number of Items) Reliability Testing Validity

Testing

Health-ITUES Yen et al. [28]

Impact (3)
Perceived usefulness (9)
Perceived ease of use (5)

User control (3)

Internal consistency
Inter-rater reliability

Construct validity
Criterion validity

MARS Stoyanov et al. [19]
Terhorst et al. [29]

Engagement (5)
Functionality (4)

Aesthetics (3)
Information (7)

App subjective quality (4)

Internal consistency
Inter-rater reliability

Construct validity
Criterion validity

uMARS Stoyanov et al. [20]

Engagement (5)
Functionality (4)

Aesthetics (3)
Information (4)

App subjective quality (4)

Internal consistency
Test–retest reliability None

MAUQ Zhou et al. [21]

Ease of use and
Satisfaction (8)

System information
Arrangement (6)

Usefulness (7)

Internal consistency
Content validity

Construct validity
Criterion validity

Note. Health-ITUES = Health Information Technology Usability Evaluation Scale, MARS = Mobile Ap-
plication Rating Scale, uMARS = Mobile Application Rating Scale, User Version, MAUQ = mHealth App
Usability Questionnaire.

The Health Information Technology Usability Evaluation Scale (Health-ITUES) is a tool
developed to assess the usability of health information technology systems, drawing upon
various system usability assessment questionnaires [28]. The Health-ITUES questionnaire
is not designed specifically for mHealth apps and can be applied to various systems.
Schnall et al. evaluated psychometric properties for application to mHealth app usability
studies [22]. Unlike other measurement tools, the items in Health-ITUES can be customized
according to the specific elements (user–system–task–environment interaction) of the user-
evaluated app [30]. Thus, the unique features provided by the corresponding mHealth
apps can be measured conveniently by customizing the questions [22]. However, the
benefits of custom-designing are meaningless to users with no experience in questionnaire
development and undermine the questionnaire’s reliability [21]. In addition, Health-ITUES
is a measurement tool developed around perceived usefulness and ease of use [27]; hence,
the aesthetic and information components introduced in MARS and MARS User Version
(uMARS) were not considered.
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MARS was developed to evaluate the usability of mHealth apps and is widely used to
measure the quality of factors of mHealth apps [27]. However, using MARS requires consid-
erable training. To compensate for these shortcomings, uMARS, which can be easily used
for evaluation by ordinary users other than healthcare experts, has been developed. MARS
and uMARS include usability components, such as immersion, functionality, information
quality, and aesthetic and subjective quality elements.

The mHealth app usability questionnaire (MAUQ), a recently developed tool, was
designed to assess the usability of mHealth apps. It was developed based on several
validated usability questionnaires, such as SUS; PSSUQ; Usefulness, Satisfaction, and Ease
of Use (USE) [31]; and the Software Usability Measurement Inventory [32] used in previous
mobile app usability studies. In addition, the questionnaire was developed considering
the problems of MARS and Health-ITUES. This study was conducted with reference to
the study that developed MAUQ. MAUQ has the reliability and validity necessary to
evaluate the usability of mHealth apps but lacks factors and sub-items that consider health
literacy, an important concept in mHealth apps. Monkman and Kushniruk recommended
including health literacy-related assessments when testing the usability of patient web
portals to improve the adoption of consumer health information systems and user health
knowledge [33].

In addition, there are studies that have developed/evaluated tools targeting specific
users and diseases. Examples include a study considering the elderly [34], a study in a
diverse, low-income patient population [35], and a study specializing in mental health [36].

2.2. Derivation of User Experience Evaluation Scale Factors

Kim et al. analyzed user experience factors by studying the usability questionnaire
for mHealth apps [23]. Factors were collected through a systematic literature review and
in-depth interviews with mHealth app users. In Kim et al.’s study, the need for health
literacy was identified based on the results of a literature review and in-depth interviews,
and an ease-of-information factor was newly proposed. Ease of information signifies the
quality of information that allows users to understand the information without difficulty.
Finally, the user experience factors for mHealth apps were categorized into six factors:
ease of use, satisfaction, information architecture, usefulness, ease of information, and
aesthetics, as presented in Table 2. The six factors can also be considered in mHealth app
usability evaluation. In this study, factors thought to be similar were merged based on the
six derived user experience factors.

Table 2. Factors influencing user experience evaluation scale for mHealth apps.

Factors Contents

Ease of Use and
Satisfaction

Evaluate the overall usability and satisfaction, such as
convenience and learnability.

Information
Architecture Evaluate the quality of factors such as interface and interaction.

Usefulness Evaluate whether users have achieved the right results to meet
their needs and expectations.

Ease of
Information Evaluate whether the design considers the user’s health literacy.

Aesthetic Evaluate the app’s overall design and whether the color, font,
and font size are user-appropriate.

2.3. Development of the User Experience Evaluation Scale for mHealth Apps

Figure 1 presents the development flowchart for the user experience evaluation scale
for mHealth apps. First, we derived factors for evaluating the user experience of mHealth
apps. Second, we created a list of 131 items based on a questionnaire developed for mHealth
app usability evaluation [19–22,24], collected through a literature review. Next, we merged
or deleted items with overlapping or ambiguous meanings, considering content validity.
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We drafted a measurement tool by selecting 26 items that conceptually mapped to the five
factors derived from the study by Kim et al. [23]. The sub-items consisted of 7 items related
to ease of use and satisfaction, 4 items related to information architecture, 5 items related to
usefulness, 6 items related to ease of information, and 4 items related to aesthetics. Finally,
we developed the final questionnaire by verifying the reliability and validity of the draft
measurement tool.

Electronics 2024, 13, x FOR PEER REVIEW 5 of 20 
 

 

Aesthetic Evaluate the app’s overall design and whether the color, font, 
and font size are user-appropriate. 

2.3. Development of the User Experience Evaluation Scale for mHealth Apps 
Figure 1 presents the development flowchart for the user experience evaluation scale 

for mHealth apps. First, we derived factors for evaluating the user experience of mHealth 
apps. Second, we created a list of 131 items based on a questionnaire developed for 
mHealth app usability evaluation [19–22,24], collected through a literature review. Next, 
we merged or deleted items with overlapping or ambiguous meanings, considering con-
tent validity. We drafted a measurement tool by selecting 26 items that conceptually 
mapped to the five factors derived from the study by Kim et al. [23]. The sub-items con-
sisted of 7 items related to ease of use and satisfaction, 4 items related to information ar-
chitecture, 5 items related to usefulness, 6 items related to ease of information, and 4 items 
related to aesthetics. Finally, we developed the final questionnaire by verifying the relia-
bility and validity of the draft measurement tool. 

 
Figure 1. Development flowchart for the user experience evaluation scale for mHealth apps. 

2.4. Validation Study for the User Experience Evaluation Scale for mHealth Apps 
2.4.1. Study Participants 

To validate the user experience evaluation scale for mHealth apps, we selected 70 
participants (40 men and 30 women). Most of the participants had a high interest in health 
(high (46%), middle (53%), and low (1%)), and their average age was 31.9 years (SD = 12.8). 
Participants were recruited through the university’s online bulletin board. This study was 
conducted with the approval of the IRB (7001546-202110701-HR(SB)-007-03) of Kwang-
woon University. 

2.4.2. Study Design 
The “My Health Record” PHR app, developed by the Korean government, was used 

for the study. The app enables users to assess health information, such as medication in-
formation, medical history, health check-ups, and vaccinations, that is dispersed across 
various institutions. The participants downloaded the PHR app from an app store; after 
the individual was authenticated in the app, their health information was automatically 

Figure 1. Development flowchart for the user experience evaluation scale for mHealth apps.

2.4. Validation Study for the User Experience Evaluation Scale for mHealth Apps
2.4.1. Study Participants

To validate the user experience evaluation scale for mHealth apps, we selected
70 participants (40 men and 30 women). Most of the participants had a high interest
in health (high (46%), middle (53%), and low (1%)), and their average age was 31.9 years
(SD = 12.8). Participants were recruited through the university’s online bulletin board. This
study was conducted with the approval of the IRB (7001546-202110701-HR(SB)-007-03) of
Kwangwoon University.

2.4.2. Study Design

The “My Health Record” PHR app, developed by the Korean government, was used
for the study. The app enables users to assess health information, such as medication
information, medical history, health check-ups, and vaccinations, that is dispersed across
various institutions. The participants downloaded the PHR app from an app store; after
the individual was authenticated in the app, their health information was automatically
displayed. The purpose of the study and the tasks to be performed were explained to
the participants. The participants were divided into two groups of 43 and 27, depending
on the Android and iOS operating systems in their mobile phones, respectively. Partici-
pants completed the questionnaire in Table 3 after performing a task consisting of using
seven representative functions of the “My Health Record” app. Participants responded to
26 items using a 7-point Likert scale (from “Strongly agree” (7 points) to “Strongly disagree”
(1 point)). We used Jamovi ver.2.2.3 for the analysis, which uses R-based programs (a
statistical programming language). The collected samples were verified for the construct
validity of the measurement tool through exploratory and confirmatory factor analyses
(EFA and CFA, respectively), and reliability was confirmed through internal consistency.
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The experiment was conducted in 2021 in South Korea, and COVID-19 vaccination history
was also included.

Table 3. Results of the exploratory factor analysis (EFA) (N = 70).

Factor (Item) Factor Loading Cronbach’s α

Ease of Use and Satisfaction
Q1. This app was easy to use. 0.848

0.900
(5 items)

Q2. I was able to use all the functions provided by the app. 0.752
Q3. It is comfortable to use this app in everyday environments. 0.806

Q4. The amount of time involved in using this app fits me. 0.756
Q5. Overall, I am satisfied with this app. 0.860

Information Architecture
Q6. Whenever I made a mistake using the app, I could recover easily and quickly. 0.610 0.731

(2 items)Q7. Moving between screens or between functions was consistently possible in the
same way. 0.770

Usefulness
Q8. This app has all the functions and capabilities I expect it to have. 0.829

0.920
(5 items)

Q9. This app will be useful for my health care. 0.886
Q10. This app will help me manage my health effectively. 0.881

Q11. This mHealth app provided an acceptable way to receive health care services. 0.728
Q12. This app has improved access to medical services. 0.672

Ease of Information
Q13. This app’s medical/health information is well-written, accurate, and relevant to the

app’s purpose. 0.818
0.940

(4 items)Q14. The information provided by this app is comprehensive and concise. 0.859
Q15. The visual information provided by this app (charts, graphs, images, etc.) is

logically and clearly descriptive 0.825

Q16. The information provided by this app was easy to understand. 0.847

Aesthetic
Q17. This app uses suitable colors. 0.885 0.936

(2 items)Q18. I like the menu structure and design of the app, and it’s easy to use. 0.890

Note. Overall Cronbach’s α = 0.925.

3. Results
3.1. Validation Study for the User Experience Evaluation Scale for mHealth Apps
3.1.1. Results of Exploratory Factor Analysis

We used EFA to explore the sub-factor structure of the user experience evaluation
scale for mHealth apps, which consists of 26 items. For factor extraction, we used the
principal components method and the varimax rotation for factor rotation. Prior to EFA,
we conducted a hypothesis test. The Kaiser–Meyer–Olkin (KMO) index is a statistical
measure suitable for factor analysis. The lower the partial correlation coefficient between
the variables, the higher the association between the related variables [37]. Hence, an ideal
KMO index should exceed 0.8. The KMO index of the sample was 0.845; thus, the sample
was judged to be suitable for factor analysis. In addition, Bartlett’s sphericity test index,
indicating the suitability of factor analysis, was x2 = 1619 (df = 325), and the significance
level of this index was p < 0.001. It was judged that there was a common factor suitable for
factor analysis. The results of EFA are shown in Table 3.

Out of the 26 items, we removed those with a factor loading below 0.320 and a
cross-factor loading above 0.320 [37]. Thus, eight items determined to be insufficient in
explanatory power were removed. It was judged that the remaining 18 items compiled
through EFA were appropriate based on the researcher’s theoretical background.

For reliability analysis, we used Cronbach’s α value, which estimates internal consis-
tency reliability based on all possible correlations among collected items. The Cronbach’s α
value ranges from 0.0 (no confidence) to 1.0 (perfect confidence); acceptable values range
from 0.70 to 0.95 [38]. The Cronbach’s α value for the overall user experience evaluation
scale for mHealth apps, which consisted of 18 items, was 0.925, indicating high reliability.
Moreover, the Cronbach’s α values representing the internal consistency between the items
constituting each sub-factor were between 0.731 and 0.940, as shown in Table 3.
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3.1.2. Results of Confirmatory Factor Analysis

Two models were considered for CFA. First, we investigated whether the results of the
EFA, which consisted of 18 items across five factors, are suitable for CFA through the path
model. Comparative fit index (CFI), Tucker–Lewis index (TLI), and root-mean-squared
error of approximation (RMSEA), which are indices that are less sensitive to the number of
samples and reflect the simplicity of the model, were selected as goodness-of-fit indices for
model evaluation [39]. In addition, the chi-square value was analyzed. As shown in Table 3,
the goodness-of-fit indices of the five-factor model (18 items) were x2 = 186 (df = 125,
p < 0.001) and RMSEA = 0.084. Since the goodness-of-fit index was not appropriate, CFA
was repeated with 16 items, excluding Q4 and Q11, with relatively low standardization
estimates. The second evaluation path model used for CFA is presented in Figure 2.
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The goodness-of-fit indices of the CFA model consisting of five factors and 16 sub-
items were x2 = 111 (df = 94, p = 0.115), CFI = 0.983, TLI = 0.978, and RMSEA = 0.050, as
shown in Table 4. In general, CFI and TLI are judged to be good if the goodness-of-fit
indices are above 0.95 [40], while RMSEA is considered very good if it is below 0.06 and
good if it is below 0.08 [41]. The five-factor model with 16 sub-items presented in this
study satisfies this for all x2, CFI, TLI, and RMSEA values and shows that the relationship
between measurement variables according to theory was appropriate.

Table 4. Results for the goodness-of-fit index of the CFA model.

Variables x2 df p CFI TLI RMSEA

Five-factor
model

(18 Items)
186 125 <0.001 0.944 0.931 0.084

Five-factor
model

(16 Items)
111 94 0.115 0.983 0.978 0.050

Note. df: degrees of freedom, CFI: comparative fit index, TLI: Tucker–Lewis index, RMSEA: root-mean-squared
error of approximation.
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This study verified common method variance by conducting Harman’s single-factor
test [42]. Harman’s single-factor test was conducted using the SPSS program. The factor
extraction method was principal axis factoring, where the factor to be extracted was set
to 1 with a fixed number of factors. Factor rotation was analyzed without specifying the
rotation method. As a result of the analysis, it was confirmed that the explanatory power
for the total variance was 44.72%. According to the analysis results, it was confirmed that
the error of common method variance was low in that it did not exceed 50%, which is the
standard for the single-factor test [43,44].

In addition, as shown in Table 5, the factor coefficients of all sub-factors were statis-
tically significant at p < 0.001. All the t-values were significant, and convergent validity
was confirmed because the average variance extracted (AVE) values for testing convergent
validity were greater than the general criterion of 0.5 for all latent variables. Furthermore,
the construct reliability values were all greater than the general criterion of 0.7 [45]. As
shown in Table 6, discriminant validity was verified because the square root of the AVE
of all constructs was greater than the correlation coefficient [45]. The five factors were
confirmed as appropriate for the 16 items in the evaluation model.

Table 5. Results of the CFA of the evaluation model (N = 70).

Factor Variables Estimate SE t-Value Standardized
Estimate CR AVE

Ease of Use and Satisfaction

Q1 1.000 0.755

0.894 0.682
Q2 1.425 0.210 6.80 *** 0.767
Q3 1.107 0.160 6.90 *** 0.775
Q5 1.191 0.138 8.66 *** 0.984

Information Architecture
Q6 1.000 0.790

0.733 0.579Q7 0.872 0.191 4.57 *** 0.731

Usefulness

Q8 1.000 0.900

0.934 0.782
Q9 1.089 0.075 14.63 *** 0.966

Q10 1.247 0.086 14.52 *** 0.962
Q12 0.761 0.110 6.94 *** 0.679

Ease of Information

Q13 1.000 0.788

0.943 0.807
Q14 1.034 0.112 9.21 *** 0.924
Q15 1.037 0.111 9.31 *** 0.935
Q16 1.170 0.125 9.34 *** 0.937

Aesthetic
Q17 1.000 0.953

0.937 0.881Q18 1.019 0.127 8.03 *** 0.924

Note. ***: p < 0.001, SE: standard error, CR: composite reliability, AVE: average variance extracted.

Table 6. Discriminant validity of the construct.

Construct Ease of Use and
Satisfaction

Information
Architecture Usefulness Ease of

Information Aesthetic

Ease of Use and Satisfaction 0.826 * - - - -

Information Architecture 0.568 0.761 * - - -

Usefulness 0.447 0.473 0.885 * - -

Ease of Information 0.353 0.486 0.588 0.898 * -

Aesthetic 0.401 0.534 0.386 0.254 0.939 *

Note. *: square root of the AVE; discriminant validity:
√

AVE > Corr.

3.1.3. User Experience Evaluation Scale for mHealth Apps

The final user experience evaluation scale for mHealth apps consisted of 16 ques-
tions and is presented in Table 7. Based on the validity test, a questionnaire was con-
ceptually developed to suit the goals set by the researchers prior to the development of
measurement tools.
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Table 7. User experience evaluation scale for mHealth apps.

Components Questions

Ease of Use and Satisfaction

1. This app was easy to use.
2. I was able to use all the functions provided by the app.
3. It is comfortable to use this app in everyday environments.
4. Overall, I am satisfied with this app.

Information Architecture
5. Whenever I made a mistake using the app, I could recover easily and quickly.
6. Moving between screens or between functions was consistently possible in the same way.

Usefulness

7. This app has all the functions and capabilities I expect it to have.
8. This app will be useful for my health care.
9. This app will help me manage my health effectively.
10. This app has improved access to medical services.

Ease of Information

11. This app’s medical/health information is well-written, accurate and relevant to the app’s purpose.
12. The information provided by this app is comprehensive and concise.
13. The visual information provided by this app (charts, graphs, images, etc.) is logically and clearly descriptive
14. The information provided by this app was easy to understand.

Aesthetic
15. This app uses suitable colors.
16. I like the menu structure and design of the app, and it’s easy to use.

3.2. Case Study
3.2.1. Usability Testing of mHealth Apps

We conducted a case study aimed at improving mHealth apps, using the user experi-
ence evaluation scale as a basis. To this end, we conducted questionnaires and in-depth
interviews with potential users.

Apps used in the case study. For this study, we used the “My Health Record” app,
a representative of the Korean public PHR app. “My Health Record” allows users to
experience a self-determined user-led medical environment using individual public medical
data from health care providers. In addition, it is conducive to using individual-led
health data and activating PHR apps. The “My Health Record” app is an interactive app
that allows interaction between medical service providers and patient mHealth apps. It
collectively checks individual health information scattered across public institutions and
uses it for self-health management. The main information and functions provided by this
app are medical check-ups, medication and vaccination histories, and health information
(such as number of steps and sleep time) that can be directly inquired about, stored, and
used. If the user wants, recorded health information may be transmitted to their desired
place to receive medical treatment and health care services.

Case-study participants. Using a recruitment notice for usability testing, we enlisted
10 potential middle-aged users. The recruited participants did not participate in the
validation study. Participants who own and use smart devices, such as smartphones, and
were interested in health care were selected. Five men and five women participated, and
their average age was 54.4 years (SD = 8.3). Participants were introduced to the “My Health
Record” app and the evaluation purpose. This study was conducted with the approval of
the IRB (7001546-202110701-HR(SB)-007-03) of Kwangwoon University.

Case-study design. Once participants had experienced seven representative func-
tions of this app, they responded to the questionnaire (user experience evaluation scale
for mHealth apps) and took part in an in-depth interview with a single moderator for
approximately 30 min. The seven tasks were as follows: (1) log in through a state-operated
digital one-pass to protect the patient’s personal information, (2) inquire about medical
records for the past year from medical institution and pharmacy visits, (3) inquire about
medication history, such as the ingredients/content of medicines dispensed at the hospi-
tal (pharmacy) in the last year, (4) inquire about the results of general check-ups, cancer
screenings, and other health monitoring procedures conducted over the past 10 years, (5)
inquire about vaccination history, such as vaccination order and date, (6) share and down-
load information, such as medication information and medical history, in a PDF format,
and (7) use personal health data such as walking and weight data in conjunction with
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Samsung Health. In-depth interviews used 25 semi-structured questions to understand
users’ detailed experience. Questions included “Was this app easy to use?”, “Was it easy to
understand the health/medical information provided by this app?”, “What is the biggest
obstacle that you find difficulty understanding?”, and “Do you think the data collected or
the ability to manage your health is useful?”. The moderator observed the users’ usage
pattern and analyzed the comprehensive insight obtained through the in-depth interview.

Results of usability testing. The results of the user experience evaluation scale for
mHealth apps are presented in Table 8. “Ease of information” showed the lowest user
satisfaction, with an average value of 4.7. These results suggest that it is difficult for users to
understand and use the health information provided by this app. It is judged that the “My
Health Record” app requires high health literacy from users and lacks design considerations
that reduce the health literacy requirements. In addition, “usefulness” shows an average
value of 5. We further determined users’ motivations and context for the questionnaire
results through in-depth interviews.

Table 8. Results of the user experience evaluation scale for mHealth apps (N = 10).

Factor Ease of Use and Satisfaction Information Architecture Usefulness Ease of Information Aesthetic

mean 5.2 5.1 5.0 4.7 5.7

Note. 7-point Likert scale.

Details of the evaluation results and experience with the “My Health Record” app
were comprehensively identified through in-depth interviews. The answers collected from
the in-depth interviews were mapped to the five factors in the user experience evaluation
scale for mHealth apps, as shown in Table 9.

Table 9. Examples of in-depth interview results.

Components Contents

Ease of Use and Satisfaction

- Membership (digital one-pass) and login procedures are complicated.
- Manual data entry is cumbersome.
- The menu buttons are small, and the letters are hard to see, making it difficult to use.
- The app is intuitive and easy to use in everyday environments.

Information Architecture - Information sorting/classification is not user-friendly and difficult to understand.
- Easy-to-find functions are provided by the app.

Usefulness
- The information provided by this app is unlikely to help me manage my health.
- Lack of interaction and motivation with apps to manage health.
- No guide for health care.

Ease of Information

- Lack of information on detailed medication (effectiveness and precautions unknown).
- Lack of medical information (disease name, doctor’s opinion).
- Drug terminology is difficult.
- No detailed explanation on timing of the vaccine.
- No information on what items and figures are in the medical check-up.
- Information visibility (lack of visual elements).

Aesthetic - Opinions of users about the design of the main screen are conflicting.
- The app has too many colors, so the design is tacky.

Usability testing found three major limitations from the 17 key findings. First, the
app needs to provide more information on medication and treatment results, as well as
essential and meaningful information for health management. Specifically, medication
terminology was difficult, and its usefulness was low due to the lack of efficacy and
precautions. In addition, users felt that the app could have been more efficient because of
its limited information on medical results. Second, the app does not provide information
seamlessly. Information to match medical history and medication information was provided
sporadically, causing user inconvenience. Third, the app lacks a guide or interaction
for users to perform healthcare tasks, which impacts its usefulness. This problem was
considered the most important part of the PHR app. Specific user comments included “I
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can’t decide what I should do with the information I received”, “I only provide medical
information, but I don’t have an interaction with the app I need to manage”, and “I don’t
know what information is in my health check”.

3.2.2. Prototyping a PHR App That Reflects User Experience

We conducted a heuristic evaluation with user experience experts based on app
user experience and user interface (UI) improvements mapped to the five derived user
experience factors. To improve the app, functions and design elements that are institutional
and technically implementable were selected and defined. The app’s redesign was applied
as follows and is summarized based on factors influencing user experience. The existing
app and the redesigned app were written in Korean, but, to aid understanding, Figures 3–6
are translated into English. The app’s design can also be found at the following link
(https://github.com/Kimguyeop/case-study-phr (accessed on 17 December 2023)).
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Ease of use and satisfaction. The main limitation based on the user experience was
that “It is difficult to use because the menu button is small and the letters are not visible”
and the button that should be intuitively pressed when observing the user’s usage pattern
was not pressed. Therefore, we increased the visibility of the letters, as shown in Figure 3,
and button functions were assigned to all boxes so that the user could be directly transferred
to the corresponding health information.

Information architecture. The identified pain point in the user experience was “in-
formation alignment/classification is not user-friendly, making it difficult to understand
functions and information”. In addition, an observed problem was an information structure
in which many functions and menus overlap.

First, we improved the interface elements that hindered the basic user flow of the app.
Detailed menus were reconstructed in terms of information structure, and menu structures
were simplified and redesigned by integrating or removing overlapping menus. Finally,
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the visibility of the UI was increased, and the information alignment/classification was
newly arranged to make it easier to understand health information.

Usefulness. The main pain point was the lack of information on medication and
treatment results. There was a lack of essential and meaningful information for health
management. Specifically, the medication terminology was difficult, and its usefulness
was low due to the lack of efficacy and precautions. Therefore, as shown in Figure 4,
the functionality was designed to increase “usefulness” within the limit of technical and
institutional problems. A function was added to provide detailed information about the
medication. A detailed information page was designed with images of the prescribed
medication and to inform about the medication’s efficacy and precautions. In addition, it
was configured to convey information about taking the prescribed medicine easily, which
is important.

Ease of information. Many problems were found in the “ease of information” factor
related to health information provided by the app. First, information was not seamlessly
provided. Information to match medical history and medication information was provided
sporadically, causing user inconvenience. Second, there was difficulty with the terminology
on medicines, which was solved in “usefulness”. Third, “no guidance on the type and
timing of vaccination” and a “lack of detailed explanation of vaccines” was provided.
Fourth, it was difficult for patients to understand the health examination results due to
numerical information being presented without technical terms and guidance, making it
difficult to grasp their condition.

To solve these problems, we added intuitive visual elements that are easy to under-
stand. The terms and images in the app were changed to improve information accessibility,
and the information provision structure was redesigned to provide information seamlessly.
In the vaccination history, the type and timing of vaccinations were added, and detailed
explanations of the vaccine were provided, as shown in Figure 5. In addition, unlike in the
original version, graphical support was provided to check the vaccination history easily.
The medical check-up information function provided information regarding the derived
result items and figures and showed the reference values for the figures in the form of
sticker icons.

Aesthetic. Users’ opinions on the main page and the overall app design were contra-
dictory. However, the design was considered tacky due to the excessive usage of colors
and saturation. Moreover, important functions went unnoticed because they appeared
complicated. The colors used in the app were newly selected, and the overall aesthetics
were improved, as shown in Figure 6.

3.2.3. User Testing of the Improved PHR App

Based on the usability testing results, we conducted user testing to determine the level
of user experience of the improved “My Health Record” prototype app. We gathered user
opinions on the problem that we aimed to address through redesigning. Five participants
(three men and two women), of an average age of 25.4 years (SD = 2.41), were recruited.
Participants had experience in owning and using smart devices such as smartphones and
no prior knowledge of the “My Health Record” app. We created the prototype app using
Adobe XD and executed the target scenario on a smartphone, simulating a real-world usage
situation. After experiencing the six representative functions of the app, excluding login,
the participants filled out the questionnaire in Table 7 (user experience evaluation scale for
mHealth apps) using a 7-point Likert scale and participated in an in-depth interview. The
moderator observed the users’ usage patterns, and the usability of the prototype app was
reviewed by analyzing the resulting pattern after the usability test. After filling out the
questionnaire, the users’ internal motivation was confirmed through in-depth interviews.

The usability test revealed that the overall average value for each factor was high:
ease of use and satisfaction—5.8, information architecture—6.6, usefulness—6.0, ease of
information—6.6, and aesthetic—6.5. Thus, the questionnaire confirmed the high satisfac-
tion of users.
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4. Discussion
4.1. Principal Results

The evaluation model consisting of five factors and 16 items had sufficient con-
tent and construct validity, and the internal consistency of the measurement tool was
good. In addition, given the researcher’s theoretical basis, the final question constructed
through factor analysis can be used as an appropriate measurement variable to explain
the five sub-factors of the evaluation model. The five factors are different from in the
previous studies shown in Table 1. Four among the five factors, which were ease of use,
usefulness, information architecture, and aesthetics, were derived similarly to previous
studies [19–21,28,29], but it is significant that ease of information, which reflects the health
literacy aspect, was newly added. This can be seen as a result that well reflects the direction
pursued by recent health information technology products [7].

Using the user experience evaluation scale for mHealth apps, we carried out a case
study to improve and evaluate the user experience of PHR apps. Based on the evaluation
results, the case study used a user-centric approach to develop a prototype of the improved
mHealth app (My Health Record). The insufficient “information architecture” and “ease
of information” user experience elements showed significant improvement. User testing
revealed that potential users were satisfied with the improved “My Health Record” proto-
type app and wanted to use it to manage their personal health data. In addition, limitations
of the improvement and the future direction of development of PHR apps were found.
Developers should consider user experience, functionality, and interface and apply them to
app development and improvement, targeting users who lack health literacy to minimize
gaps in health technology use [46].

4.2. Limitations
4.2.1. Review of a Validation Study of the User Experience Evaluation Scale for
mHealth Apps

The limitations of this study and suggestions for subsequent studies are as follows.
First, checking more diverse indicators for reliability testing is necessary. Reliability is
the degree to which the measurement results and procedures produce the same results in
repeated attempts [47]. There are three aspects of reliability: equivalence, stability, and
internal consistency (homogeneity) [47]. Confirmation of this guides researchers to evaluate
the reliability of research tools, such as questionnaires [48]. Reliability testing confirmed
only the internal consistency using Cronbach’s α value. However, it is necessary to confirm
stability with test–retest reliability and equivalence through alternate-form reliability [48].

Second, the validity needs to be verified with more samples. In factor analysis, there
are various views and empirical laws regarding sample size. However, certain studies
have stated that there are no general criteria for the minimum sample size to achieve a
good solution [49]. For example, 60 samples were considered sufficient for 20 measurement
variables to reproduce the factor structure of the population [50–52]. The results emphasize
that data quality is more important than the sample size, and good results can be obtained
even with a small sample size if it is composed of measurement variables with high
commonality and factor loading values. A sample size that is too small is undesirable, but
considering that factor analysis is an exploratory method, applying overly strict criteria
for the sample size is unnecessary. However, conclusions should be drawn carefully,
considering content validity evaluation and reliability analysis, when accepting factor
analysis results and changing the existing concept–item relationship [53].

Third, the “information architecture” and “aesthetic” factors were composed of two
items. However, a methodologically robust and theoretically stable analysis is only possible
when there are three or more measurement variables to compose a latent variable [54].
Therefore, the results should be supplemented in subsequent studies. This study is mean-
ingful because it conducted exploratory and confirmatory factor analysis necessary for
developing and validating measurement tools.
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Lastly, the user experience evaluation scale for mHealth apps could not consider all the
characteristics of health-related data. Privacy and safety aspects should also be considered
in future research.

4.2.2. Review of Case Study Results to Improve PHR Apps

The usability test revealed limitations in existing apps in terms of collecting and
viewing various health data. Because users often use mobile PHR apps to manage per-
sonal health data, they should allow users to determine medical practices by delivering
processed and not fragmented information. In addition, problems with interoperability,
personalization, usability, and data quality were discovered. The goals of PHR include
improving patient experience and communication with healthcare providers and promot-
ing interoperability [55]. Thus, personalized information and health management services
should be provided to the patient. Mobile PHR apps can provide patients with a certain
level of convenience and authority, but they fail to provide adequate information compared
with clinical visits because users can enter only limited types of personal health data.
Therefore, when using the PHR portal or app, providing a wide range of user-friendly and
patient-centered features to self-manage user conditions is necessary.

Most services provide information recording or viewing functions. In the future,
more services are expected to provide programs that advise or intervene in health care by
analyzing existing health record data. Doctors need to be involved in these services, but con-
tinuous research is needed from a user viewpoint to improve service quality and stability.

This study is limited by the self-diagnosis of the health status of the participants. Since
most participants rated their health as good or excellent, the derived needs and preferences
may represent a specific user group. Results may vary if participants have a chronic illness
or other major health problem that needs managing.

5. Conclusions

Along with the growth of the mHealth market, numerous measurement tools have
been developed to evaluate the user experience of mHealth apps. However, no universal
evaluation framework covers the user experience factors identified as important in mHealth
app evaluation [56]. In addition, since most evaluation measurement tools were developed
with a focus on usability, they lacked detailed considerations of health literacy and aes-
thetics. Therefore, this study proposes a novel evaluation framework that can incorporate
all evaluation criteria and provide comprehensive guidance on mHealth app evaluation.
Moreover, the developed tool was verified for its validity and reliability. The performance
of the measurement tool was qualitatively verified through a case study that improved
and evaluated the mHealth app user experience. As a result, five factors (ease of use and
satisfaction, information architecture, usefulness, ease of information, and aesthetics) were
confirmed as appropriate in user experience evaluation scales for mHealth apps. Proven
user experience evaluation scales for mHealth apps can improve mHealth apps for patients
continuously and repeatedly. The user experience evaluation scale for mHealth apps can
provide comprehensive user feedback on the app. Based on the five factors in the user
experience evaluation scale for mHealth apps, the design of an existing mHealth app was
significantly improved. The process developed in this study can aid in designing mHealth
apps that increase user satisfaction by considering usability requirements and encourage
user participation in health care, thereby improving healthcare quality. The results of this
study can be used in the future evaluation and development of various mHealth apps.
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Abb. Definition
mHealth Mobile health
PHRs Personal health records
Questionnaires
SUS System Usability Scale
PSSUQ Post-Study System Usability Questionnaire
Health-ITUES Health Information Technology Usability Evaluation Scale
MARS Mobile Application Rating Scale
uMARS Mobile Application Rating Scale, User Version
MAUQ mHealth App Usability Questionnaire
USE Usefulness, Satisfaction, and Ease of Use
SUMI Software Usability Measurement Inventory
Statistical terminology
EFA Exploratory factor analysis
CFA Confirmatory factor analysis
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TLI Tucker–Lewis Index
SE Standard error
CR Composite reliability
AVE Average variance extracted
df Degree of freedom
CFI Comparative fit index
RMSEA Root-mean-squared error of approximation
CMV Common method variance
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