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Background: Most mHealth app users rely on an app’s rankings, star ratings, or reviews, which may not reflect
users’ individual healthcare needs. To help healthcare providers, researchers, and users select an optimal
mHealth app, the Method of App Selection based on User Needs (MASUN) 1.0" was developed and tested in prior
research. Initial testing found the need for improvement.

Objective: This multiple-phase study aimed to simplify and improve MASUN 1.0, resulting in MASUN 2.0, and
verify the feasibility and usability of MASUN 2.0.

Methods: This study was conducted in three phases: (1) modification of MASUN 1.0 to improve its importance,
applicability, relevance, and clarity, in consultation with 21 experts in medical or nursing informatics; (2)
validation of the draft MASUN 2.0, with 13 experts; and (3) feasibility testing of MASUN 2.0 and usability
evaluation of the best app found through MASUN 2.0. Menstrual apps were used to test the framework.
Results: From Phases 1 and 2, MASUN 2.0, the framework for mHealth App selection, was derived with improved
simplicity, usability, and applicability through a reduced number of tasks and time required. In Phase 3, after
screening and scoring 2377 menstrual apps, five candidate apps were selected and evaluated by five clinical
experts, five app experts, and five potential users. Finally, 194 users evaluated the usability of the app selected as
the best. The best app helped users understand their health-related syndromes and patterns. Additionally, user-
provided scores for impact, usefulness, and ease of use for the app were higher than for others.

Conclusions: This study successfully modified MASUN 1.0 into MASUN 2.0 and verified MASUN 2.0 through
content validity, feasibility, and usability testing. The selected apps through MASUN 2.0 helped health con-
suniers more easily address health discomfort. Future research should extend this work to an automated system
and different medical conditions with multiple stakeholders for digital health equity.

Needs assessment
User-centered design
Menstruation disturbance
Health equity

1. Introduction Rankings are determined by user search terms, star ratings, reviews,

update cycles, and downloads [5]. As a result, apps are usually presented

1.1. Background

With the increase in access rto healthcare information via smart-
phones, healthcare consumers are increasingly seeking mHealth appli-
cations (apps). In fact, the mHealth market is expected to be worth
approximately US $190 billion by 2025 [1], and there were 107,033
medical apps in 2021, when mHealth app downloads surpassed 3.2
billion [2,3].

Most people seeking out mHealth apps choose an app based on its
ranking, star rating, or reviews in the relevant mobile app store [4].

in the order of popularity. Further, these stores display the score of an
app’s user experience based on a 5-star scale and review posts [6]. These
factors influence each other, in that high ranks, star ratings, and positive
reviews increase app popularity and sustainability [7]. Thus, popular
apps are more likely to grow in popularity. Hence, users’ attention is
usually drawn to a relatively small list of highly popular apps, hindering
the discovery of less popular apps that they may want to use [8].
Further, this ranking system does not inquire about users” healthcare
needs and may not guide healthcare consumers to select the best
mHealth app for their healthcare management [9]. In addition, the
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Review of
MASUN 1.0

= Importance, applicability
relevance, clarity check
using survey and interview
by domestic experts (21)

International Journal of Medical Infermatics 167 (2022) 104877

Results:
Modified MASUN 1.0

= Brainstorming and mind mapping tasks: combined
- App selecting task: subdivided into 2 to 3 subtasks
= Verifying the best app task (only through RCT): allowed
questionnaire and Interview , and changed to
“optional task’
« English guideline, detail description, estimated time
were added

14 required tasks
(23 required subtasks)

12 required + 1 optional Tasks
(22 required subtasks)

Verification of
modified MASUN 1.0

Results:

of MASUN 2.0

- Importance, applicability.
relevance, clarity check
using survey

by international experts (21)

Phase 2: Validity Test of modified MASUN 1.0

Verified draft version

= Persona and scenario tasks: combined
= App screening task: added a restrictive
condition as sub-task to increase applicability

11 required + 1 optional tasks
(18 required + 3 optional subtasks)

Stage 1.
Targeting

Stage 2. Stage 3.
Checklist App
Creation Selection

= 5 personas, scenarios,
needs lists — Checklist
by young women (15)

= Review checklist using
CVI by health Informatics
experis (5)

= Young women
suffering from
menstrual discomfort

nursing (2)

« Searching, screening,
scoring apps by
individuals majoring in

* Selecting top 5 apps

Stage 4. Stage 5.
App App
Evaluation Verification

= Selecting the best app by
clinical experis (5)
app experis (5)
young women (5)

= Feasibility and usability
test using Korean Health-
ITUES by young women (194)

Fig. 1. Study procedures for Phases 1-3.

literature emphasizes the need for apps with a user-centered design and
addressing specific healthcare conditions, such as cystic fibrosis or
depression [10,11].

To help users select the optimal mHealth apps for their healthcare
needs, the Method of App Selection based on User Needs 1.0 (MASUN
1.0) was developed in 2018 [8]. MASUN 1.0 comprises 14 required tasks
and 23 subtasks including brainstorming, mind mapping, and persona
and scenario creation; all tasks and subtasks to be conducted by clinical
experts, app experts, and potential users. The usefulness of MASUN 1.0
was evaluated through a randomized control trial (RCT) with young
women who sought help in the management of menstrual discomfort,
which is defined as common menstrual-related discomfort symptoms
among women of reproductive age: primary dysmenorrhea and/or
premenstrual symptom (PMS) [12]. The young women in the experi-
mental group explored the MASUN 1.0 process to find the best app while
the control group found the app based on the market ratings only.
Overall, participants in the previous study were satisfied with the apps
selected through MASUN 1.0, giving higher scores for app outcome
expectancy, app social influence, intent to recommend, number of
recording days in the menstrual app, and potential for behavioral or
cognitive changes in symptom management than the control group
(which used the related app with the largest number of users worldwide)
[12]. Nonetheless, the clinicians and researchers described the process
of MASUN 1.0 as complex by many required tasks and subtasks and their
uncertain understanding of the guidelines for performing the tasks.
Thus, they called for a simpler approach with clearer instructions [12].

1.2. Aim

This study aimed to simplify and advance MASUN 1.0 and verify the
feasibility and usability of the modified version, MASUN 2.0.

2. Materials and methods
2.1. Study design

This multiple-phase research comprised three phases. Phase 1
entailed the modification of MASUN 1.0. Phase 2 served to conduct the
validity testing of the modified MASUN 1.0 and develop the draft of
MASUN 2.0. Phase 3 served for the feasibility and usability testing of
MASUN 2.0 by clinical experts, app experts, and potential users (Fig. 1).

2.2. Sample

Convenience and snowball sampling were used for recruitment,
which occurred through email and online messaging (e.g., through
KakaoTalk) in South Korea and the United States. For Phases 1 and 2, the
inclusion criteria were healthcare providers, researchers, and graduate
students who majored in medical or nursing informatics and either had
clinical or research experience in mHealth app usage or planned to use
such apps. In Phase 3, we recruited a total of 214 young women who
experienced the target symptom: menstrual discomfort. We also
recruited five health informatics experts, five clinical experts (e.g.,
doctors, nurses), and five app experts (graduate students and professors
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majoring in informatics). Inclusion criteria for this study were unmar-
ried women between greater than 20 and < 39 years of age. This is
because age, marital status, and delivery status could affect dysmenor-
rhea and PMS [13,14]. In addition, in Stage 5 of Phase 3, young women
users needed previous or current App A usage experience of more than
one month.

2.3. Data collection

2.3.1. Phase 1: Modification of MASUN 1.0

The MASUN 1.0 comprised five stages, 14 required tasks, and 23
subtasks (Fig. 1). In a questionnaire, all the MASUN 1.0 tasks were listed
(e.g., “1. Targeting - Determine the [target disease or symptom]”), and
participants were asked to rate the importance, applicability, and rele-
vance of each task on a 4-point Likert scale (1 = not at all; 4 = very
important). The higher the scale value, the higher the importance,
applicability, relevance, and clarity of the task. Each rating was calcu-
lated as a content validity index (CVI), and if the value was less than or
equal to 0.78, the task was considered in need of modification [15].
Furthermore, when the researchers needed additional explanations from
respondents, individual semi-structured telephonic interviews were
conducted using the questionnaire items.

2.3.2. Phase 2: Validity test of the modified MASUN 1.0 and the draft of
MASUN 2.0

The modified MASUN 1.0 was derived from the results of Phase 1. In
Phase 2, international experts also analyzed the four aspects of tasks
identical to Phase 1 using the English version: importance, applicability,
relevance, and clarity.

2.3.3. Phase 3: Feasibility and usability test of MASUN 2.0

The results of Phase 2 allowed us to develop MASUN 2.0. In Phase 3,
the following procedures were conducted using MASUN 2.0.

In Stage 1: Targeting, menstrual discomfort was selected as the target
symptom because MASUN 1.0 was validated for menstrual apps [12],
and the market for women’s health apps is expected to be worth US $4.8
billion by 2025 [16].

In Stage 2: Checklist Creation, 15 young women (divided into five
groups) conducted group brainstorming and designed a mind map of
menstrual discomfort. From the scenario, the participants prepared a
checklist of the user’s needs in order of priority. The CVI of the checklist
was checked by five health informatics experts. This stage also
comprised one open-ended question, which asked them to write a
comment freely sharing their opinion on the checklist items and the
respective scores.

In Stage 3: App Selection, the following Medical Subject Headings
(MeSH) [17] and general search terms were used in both English and
Korean to search for apps in Apple App Store and Google Play Store:
“period,” “dysmenorrhea,” “PMS,” “menstruation,” “menstrual,” “men-
strual pain,” and “premenstrual syndrome.” Top 100 apps were
retrieved. Then, the top five apps (candidate apps) were selected based
on checklist score, star rating, number of reviews in the app store,
whether the app was paid, and whether it existed in both Google Play
Store and Apple App Store.

In Stage 4: App Evaluation, five clinical experts, five app experts, and
five young women (potential users) suffering from menstrual discomfort
and using menstrual apps were asked to evaluate the candidate apps by
completing the 20-item Korean Health Information Technology Usabil-
ity Evaluation Scale (ITUES) [18]. It is measured on a five-point Likert
scale (1 = strongly disagree; 5 = strongly agree); the higher the score,
the higher the usability of the app. In the case of potential users, in-depth
interviews were conducted based on questionnaires, to understand app
preference better.

In Stage 5: App Verification, 194 young women users completed an
online questionnaire comprising the following sections: (1) general
characteristics (3 items), (2) smartphone experience along with
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menstrual app usage and influence (11 items), (3) the Korean Health-
ITUES [18], (4) dysmenorrhea (2 items), with questions on pain on
the first and second days of the menstrual period, using visual analog
scales [12], and (5) a PMS (11 items) [12,19]—the higher the score, the
severer the symptoms. All questions were multiple-choice. Moreover,
the questions on the usage and influence of the menstrual app were
presented in a multiple-choice format with reference to previous studies
[8,12], and the open question 'Other’ was added to allow users to
elaborate their answers.

After completing the questionnaire, a 2000 KRW (approximately
USD 2) online coffee coupon was provided to participants.

2.4. Ethical considerations

This study was approved by the Institutional Review Board (CUPIRB-
2018-014, CUPIRB-2019-003). Written study descriptions were pro-
vided to and informed consent was gathered from all participants.

2.5. Statistical analysis

All analyses were performed using IBM SPSS Statistics 24.0.
Descriptive statistics were used to analyze participants’ demographic
characteristics and mean scores for dysmenorrhea, PMS, and the Korean
Health-ITUES. An item-level CVI of 0.78 or higher provided by experts
was deemed evidence of good content validity [15]. Two-sided P-values
<0.05 were considered statistically significant.

3. Results
3.1. Phase 1: Modification of MASUN 1.0

In phase 1, MASUN 1.0 was modified and yielded the draft of
MASUN 2.0. Most scores were above 0.78 (importance: 0.81-1.00;
applicability: 0.76-0.95; relevance: 0.86-1.00; and clarity: 0.90-1.00).
The experts were concerned about the applicability of the persona, app
screening, and app scores crosscheck tasks. Comments collected in the
interview are presented in Table 1. The modified MASUN 1.0 comprised
12 required tasks, 22 required subtasks, and one optional task.

3.2. Phase 2: Validity test of the modified MASUN 1.0 and the draft of
MASUN 2.0

The survey results showed that three tasks needed modifying
(importance: 0.69-1.00, applicability: 0.75-1.00, relevance: 0.85-1.00,
and clarity: 0.92-1.00). The questionnaire results show that interna-
tional experts thought that the subtask where two reviewers scored apps
independently based on the checklist was not important, and that the
persona and scenario creation and app-screening tasks were too hard to
apply. After reconfirming the importance of app scoring independently
by two researchers in previous research [20] and the Cochran guide
[21], we decided to keep it. Moreover, the persona and scenario creation
tasks were combined into one task, and detailed instructions were
added. A restrictive condition that selects only the top 100 apps with
more than 500 reviews by each search term was added as a subtask for
applicability in the app-screening task. Regarding the open-ended
question, the participants’ statements are in Table 1.

Consequently, MASUN 2.0 included 11 required tasks and one
optional task; the 21 subtasks included three optional subtasks (Fig. 2
and Table 2).

3.3. Phase 3: Feasibility and usability test of MASUN 2.0

3.3.1. Stage 1: Targeting
The target symptom was menstrual discomfort, defined as primary
dysmenorrhea and/or PMS.
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Fig. 2. MASUN 2.0 Flowchart.

3.3.2. Stage 2: Checklist Creation

A mind map of menstrual discomfort was created from Task 2:
Brainstorming and Mind-Mapping. Then, the participants created five
personas and scenarios managing menstrual discomfort and wrote down
a checklist of the user’s needs in order of priority through Tasks 3-5. The
checklist included 23 items (app features and requirements) and a
scoring matrix for each item: (1) app design, @ widget, @ alarm, @)
separate features by sex (female or male), & app attendance point, )
indication of menstrual cycle and fertile period (ovulation date), @
period tracking and symptom recording, @menstruation management
including dysmenorrhea, & PMS management, visualization
(graphical chart), @) visualize menstruation status on the calendar, @
contraception management, @ medication, women’s health infor-
mation, (® healthcare providers’ consultant, women’s health checkup,
information sharing, @ user community menu, anonynious user
community, information sources, @ login, @ unlock mode, @ pri-
vacy policy, and additional features such as @ easy delivery of women’s
items (e.g., sanitary napkin and menstrual cup). The CVI values for the
scoring martrices of each item from each of the five experts were between
0.8 and 1; therefore, no items had to be modified.

3.3.3. Stage 3: App selection

Initially, 2,377 apps were found in the Korean and American Apple
App Stores and Google Play Stores (Fig. 3). After removing duplicate
apps, apps that were not suitable for the target symptoms were also
removed. In Phase 2, an international expert said that Subtask 10:
Remove all unrelated apps based on the app name or description was rela-
tively insufficient regarding its applicability. However, it was relatively
easily completed when the task was operationalized using Excel’s sort-
ing function.

Two bilingual (in Korean and English) nursing students (raters)
independently scored each of the 100 apps using the checklist, after
using each app for at least 10 min. For crosschecking, the score was
compared; if the scores differed between the raters, they discussed its
features until a consensus was reached on the score. Then, the top five
apps (the candidate apps) were selected based on checklist score, star
rating, the number of reviews in the app store, whether the app was
paid, and whether it existed in both app stores.

3.3.4. Stage 4: App Evaluation

According to the app experts’, clinical experts’, and potential users’
evaluation of the five candidate apps using the pre-defined assessment
tool (Korean Health-TUUES), App E scored the highest, followed by App A.
However, App E was in English, so most evaluators stated that it was not
suitable for Korean women to use in Stage 5: App Verification and later.

Therefore, App A, which showed the second-highest scores when
evaluated by clinical and app experts, was the preferred app among the
five potential users. It was provided in Korean and was deemed the best
app based on MASUN 2.0 (Fig. 4).

3.3.5. Stage 5: App Verification

Table 3 shows the general and menstrual characteristics of the 194
young, unmarried women who experienced menstrual discomfort, used
App A for at least a month, and completed the questionnaire.

Table 4 shows the results of App A use. Most participants used the
app to track their menstruation cycle, and it helped them understand the
cycle. They wanted features to manage their menstrual experience,
provide personalized information recommendations, and recommend
menstrual products.

4. Discussion

MASUN 1.0 was developed to select reliable apps that meet users’
health needs. This multiphase study successfully modified MASUN 1.0
into MASUN 2.0 and verified the usability and feasibility of MASUN 2.0
with domestic and international healthcare providers, researchers,
graduate students, and potential users. Users want health apps to do
many things [22]. Identifying the target users’ health needs is critical for
a customized mHealth app selection. MASUN 2.0 considers users’ needs
and opinions through its needs list, star ratings, and the number of re-
views, which can predict usability and long-term usage [23-25].
Therefore, we developed personas based on typical users with menstrual
discomfort. Through a time- and cost-effective persona technique, we
tried to understand the user’s goal and user experience, including
inconvenience [26]. Specifically, the needs list derived from personas
and scenarios that clearly reflected users’ health needs became a crite-
rion for screening mHealth apps, enabling the selection of apps based on
user needs [27]. Thus far, persona and scenario techniques have been
aimed at understanding users and deriving needs [26,27]. This study is
meaningful because it lists the user’s needs derived through the tech-
nology and utilizes them as conditions for finding health apps.

While considering users’ needs is essential for mHealth app selection,
evaluating the selected app is also important. The impact of the app
should include an objective and transparent evaluation by clinical and
app experts [28]. Recently, there has been a movement to promote
meaningful and equitable engagement of all relevant stakeholders (e.g.,
health consumers, providers, payers, purchasers, policymakers, product
makers, and researchers) in the development and implementation pro-
cess of healthcare guidelines [29]. Accordingly, we endeavored to
incorporate users’ needs and the evaluations of clinical and app experts
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Task 6
App Searching

International Journal of Medical Infermatics 167 (2022) 104877

n=825,Top 100 apps for searching
English/Korean keywords with U.S. accounts

English/Korean keywords with Korean accounts

n=1552 Top 100 apps for searching

(Apple=501, Google Play=1051)

Task 7.
App Screening

Task 8
App Scoring

Task 9
App Selecting

App E

(Apple=425, Google Play=400)

I

n=2377, Check for duplicate apps based on| N n=1328, Exclude duplicate apps
app name/developer

based on app name/developer

I

n=1049, Check the relevance of n=621, Remove apps unrelated
the reference period based on P to menstruation based on
app namefdescription/language

app name/description/language

!

n=428, Check the app rating and
the number of reviews

n=328, Remove apps with less
o than 500 reviewers/under
100th based on ratings

:

n=100, Score the apps based on checklist n=95, Remove top 6 to 100

|

n=5, Evaluate apps for selecting
the best app (app expert,
clinical expert, potential user)

App evaluationof the 5 candidate apps

App A

Preference

0K

App D

AppC

Fig. 3. An overview of the app selection and screening processes under Stage 3 App Selection of MASUN 2.0.

— Checklist based evaluation score derived from Stage 2 (Score)
— App experts (Rank)
=oe Clinical experts (Rank)

Potential user (Preference®)

App B

Note: *Potential User’s Preference: . means preferred,
IQ means unpreferred

Fig. 4. Results of Stage 5 App Evaluation of MASUN 2.0 for the five candidate apps.
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Table 3
The general and menstrual characteristics of respondents (N = 194).

Characteristics Options

Age, mean (SD”) 22,43 (2.98)

Residency, n (%) Seoul 65 (33.5)
Gyeonggi Province 52 (26.8)
Chungcheong Province 38 (19.6)
Gyeongsang Province 34 (17.5)
Others 5(2.6)

Occupation, n (%) Related to health science 96 (49.5)
Unrelated to health 98 (50.5)
science

Experience of dysmenorrhea, n (%) Yes 168 (86.6)
No 18 (9.3)
Unsure 8 (4.1)

Dysmenorrhea pain score, mean Pain: first day of period 5.40 (2.81)

[SDb] Pain: second day of period 5.21 (2.89)

Experience of PMS®, n (%) Yes 133 (68.6)
No 21 (10.8)
Unsure 40 (20.6)

PMS score, mean [SDb] Yes 36.45

(10.84)

No 23.00 (9.19)
Unsure 26.48 (9.53)

# PMS, premenstrual syndrome.

b §D, standard deviation.

International Journal of Medical Infermatics 167 (2022) 104877

into MASUN 2.0 to find the most suitable app based on health needs,
usability, and expert evaluation results. In the future, an updated version
of MASUN 2.0 with more stakeholders may be needed to select optimal
mHealth apps through inclusive, comprehensive, and equitable ap-
proaches. We believe that this will help advance mHealth app selection
and the recommendation framework.

In Stage 3: App Selection, MASUN 2.0 uses all possible synonyms
during search. In our feasibility test, we used both free-text keywords
(general terms) and MeSH terms for effectiveness, compared with using
only free-text [30]. The women’s health app market is vast, but a rela-
tively large number of these apps have <500 reviews [31]. Moreover,
while MASUN 1.0 requires scoring the top 100, MASUN 2.0 has been
updated to score the top 30 apps with more than 500 reviews. Since it
took approximately an hour to score five apps, this change was helpful in
MASUN 2.0 exploration. Hence, we hope that more results will be
accumulated so that the tasks to be executed by MASUN users can be
further simplified.

Initially, App E was identified as the best app but the translated
Korean seemed unnatural. Recently, many mHealth apps offer a variety
of language settings, but they are not always easy to use because some
translated features are limited or unnatural. Therefore, if the language is
translated more carefully when developing an mHealth app, the app can
be used as an actual health care tool in more countries.

The evaluation and verification of mHealth app usability were con-
ducted by experimental evaluations (e.g., RCTs), expert-based evalua-
tion, narrative-based user reviews (from app stores), and observational

Table 4
App A usage, its influence on users, the features that users would like to see in the app, and the results of the Korean Health-ITUES (N = 194).

Characteristics Options

Smartphone type, n (%) i0s 133 (68.6)
Android 61 (31.4)

Frequency of App A monthly use, n (%) <1 8(4.1)
1-2 76 (39.2)
3-5 75(38.7)
=5 35 (18.0)

App usage period, n (%) <1 year 87 (44.8)
>1 year 107 (55.2)

Used menus, n (%)* Menstruation tracking 188 (96.9)
Ovulation cycle check 96 (49.5)
Contraception 61 (31.4)
Menstrual data backup 45 (23.3)
Symptom recording 24 (12.4)
Alarm for symptoms 24 (12.4)
Community 21 (10.8)
Collecting information 19 (9.8)
Sharing cycle 7 (3.6)
Others (e.g., intercourse record) 1(1.9)

Influence, n (%)* Understanding the menstruation cycle 187 (96.4)
Understanding PMS " patterns 53 (27.3)
Learning about methods for dysmenorrhea relief 7 (3.6)
Learning about methods for PMS relief 3 (1.5)
Other (e.g., birth control pill check) 4(3.8)

Feature wanted to be added, n (%)" Menstrual experience (d_vsmenorrhea/PMSb) 91 (46.9)
Personalized information recommendation 84 (43.3)
Recommend menstrual products 82 (42.3)
Sex education (related birth control and sexual experience) 69 (35.6)
Women'’s health information 59 (30.4)
Q&A about users’ experiences 45 (23.2)
Sex education (related physical topics and diseases) 40 (20.6)

Features wanted to be deleted, n (%)* Advertising 154 (79.4)
Not applicable/unnecessary information 57 (29.4)
Related sexual experiences 11 (5.7)
Women'’s health information 7 (3.6)
Q&A about user’s experiences 3(1.5)

Korean Health-ITUES, mean (SD) Total score 3.79 (0.64)
Impact 3.64 (0.82)
Perceived Usefulness 3.86 (0.71)
Perceived ease of use 4.00 (0.77)
User control 3.40 (0.78)

# Items allowed for multiple answers.

b PMS, premenstrual syndrome.
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approaches (surveys) [31,32]. RCTs, although powerful, are time- and
resource-intensive and problematic when applied to commercial apps,
because researchers often have no control over app features (e.g.,
feature changes and app updates) [33]. In MASUN, various experts’
evaluations, star ratings, and the number of reviews are sufficient to
validate the best app. Therefore, following previous studies and the
opinions of the expert in this study, Stage 5: App Verification was changed
to optional.

We implemented Phase 3: Feasibility and Usability Test of MASUN 2.0
comprehensively and conservatively to verify app suitability; however,
we recommend that future MASUN users follow the MASUN 2.0
Guidelines. For example, in this study, five groups, not two, were
included to create a persona scenario; five experts, not three, were
included to evaluate the scoring matrix of the checklist; and 100 apps,
not 30, were included in the selection pool. However, such conservative
approaches will no longer be required because the adequacy of the
guidelines has been verified in various studies [8,12,15,34]. Neverthe-
less, two independent raters are still required in Stage 3, as the error rate
for each reviewer is approximately 10%, and two independent raters are
needed to minimize such errors [35,36]. In addition, as described in the
Background section, there is a limitation that the star rating and a
number of reviews cannot meet expectations of high compliance
because they do not reflect the needs of the user, and thus cannot be the
only criterion for health app selection. However, stars and reviews have
the advantage of simplifying the experience of users and app features
[37]. Therefore, they were used to filter out apps that were rejected by
several users when setting the Top 5 (candidate apps) in Stage 3 of
MASUN 2.0.

The most notable difference between MASUN 1.0 and MASUN 2.0 is
the reduced time taken to complete the procedure because tasks have
been simplified and organized. In MASUN 2.0, if the optional tasks and
subtasks are not necessary, the selection of the best app may be achieved
with up to three tasks and five subtasks fewer than MASUN 1.0. In
particular, Stage 5, which required only time- and cost-intensive RCTs
for app verification, became an optional stage through feedback from
experts. Moreover, new miethods such as surveys were confirmed
through the feasibility and usability test, increasing the likelihood of
using MASUN.

Indeed, these modifications for selecting the optimal mHealth app in
MASUN 2.0 are supported by the following findings in an ad-hoc review.
The best app chosen based on MASUN 1.0 ranked 20th in the Apple App
Store at the time of the study [8] and entered the top 10 in February
2022. Also, the best app selected through MASUN 2.0 ranked 3rd in both
Google and Apple App Stores in February 2022, while it was ranked 30th
in the Apple App Store in 2019. Hence, the use of MASUN 2.0 is valuable
and reliable for selecting apps that are best for users and may help es-
timate the sustainability of the selected app. We look forward to the
analyses of these assumptions in future research.

In the usability test, participants used the menstruation-related
tracking and recording feature of the best app (App A) for more than
1 month and 107 respondents (55.2%) used the app for more than 1
year, and it helped them understand their menstruation and PMS pat-
terns better. PMS varies widely in types and degrees of symptoms,
making it difficult for women to recognize PMS [38]. Therefore, it is
meaningful that the app chosen via MASUN 2.0 helped women under-
stand and recognize their PMS patterns.

To increase the availability and ease and efficient use of MASUN 2.0,
we are designing an electronic MASUN (eMASUN) website. We are also
developing a weighting algorithm for prioritizing user needs. The
effectiveness of MASUN 2.0 using this weighting algorithm needs to be
examined in future research.

There are many mHealth apps in the market, but most are not
evidence-based; hence, further verification is required [24,29,39,40].
The main limitation of this study is that only unmarried women’s
menstrual discomfort was verified, and we thus could not capture data
on trans-men or other gender-diverse people who menstruate. Further
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exploration of MASUN 2.0 is needed to examine whether it is applicable
in choosing an app that best suits the needs of people suffering from
different conditions.
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