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Abstract

Background: The number of mobile health (mHealth) apps continues to rise each year. Widespread use of the Mobile App
Rating Scale (MARS) has allowed objective and multidimensional evaluation of the quality of these apps. However, no Japanese
version of MARS has been made available to date.

Objective: The purposes of this study were (1) to devel op a Japanese version of MARS and (2) to assessthe trandated version’s
reliability and validity in evaluating mHealth apps.

Methods: To develop the Japanese version of MARS, cross-cultural adaptation was used using a universalist approach. A total
of 50 mental health appswere evaluated by 2 independent raters. Internal consistency and interrater reliability were then calculated.
Convergent and divergent validity were assessed using multitrait scaling analysis and concurrent validity.

Results: After cross-cultural adaptation, all 23 items from the original MARS were included in the Japanese version. Following
tranglation, back-tranglation, and review by the author of the original MARS, a Japanese version of MARS wasfinalized. Internal
consistency was acceptable by all subscales of objective and subjective quality (Cronbach a=.78-.89). Interrater reliability was
deemed acceptable, with the intraclass correlation coefficient (ICC) ranging from 0.61 to 0.79 for all subscales, except for
“functionality,” which had an | CC of 0.40. Convergent/divergent validity and concurrent validity were also considered acceptable.
The rate of missing responses was high in several itemsin the “information” subscale.

Conclusions: A Japanese version of MARS was devel oped and shown to be reliable and valid to a degree that was comparable
totheoriginal MARS. This Japanese version of MARS can be used as a standard to eval uate the quality and credibility of mHealth

apps.
(IMIR Mhealth Uhealth 2022;10(4):€33725) doi: 10.2196/33725
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Introduction

Smartphones are now an indispensable part of our lives.
According to a 2021 global survey, more than 7.5 billion
smartphones are in use around the world, and that number is
only expected to increase [1]. With their growing popularity,
they have come to have widespread applications in health care
in many countries, including Japan [2]. The number of mobile
health (mHealth) apps also continues to rise, especialy since
the beginning of the COVID-19 pandemic in early 2020 [3].

Although an increasing quantity of research showcases the
efficacy of mHealth apps in many conditions, such as diabetes
mellitus, asthma, and mental health [4-6], the overall evidence
on their usefulness remains inconsistent [7]. This may reflect
the lack of systematic research on the quality and efficacy of
mHealth apps. [8,9].

To date, several medical societies[10,11] and researchers [12]
have proposed ways to evaluate mHealth apps. Of these, the
Mobile App Rating Scale (MARS) [13] is one of the most
comprehensive, simple, and reliable. MARS isa23-item scale,
comprising 4 objective subscales and 1 subjective subscale
(described in detail below). Validity and reliability are well
supported for thisscale [14], and an increasing number of studies
use it to evaluate awide range of mHealth apps [15-20].

The origina version of MARS was developed in English, and
several validated trangdlations are available, including Italian,
Spanish, German, French, and Arabic [21-25]. However, it has
yet to be trandlated into any East Asian language, including
Japanese, despite the recent increase in popularity of mHealth
appsinthisregion. The development of standardized evaluation
criteria shared among diverse cultures can contribute to the
global public benefit of mHealth apps. Nevertheless, to date,
no Japanese app evaluation scale exists.

The tranglation of scales involves not only adirect translation,
but also adaptation of the questions to account for cultural
differences, followed by appropriate measurements of reliability
and validity [26]. The aims of this study were (1) to develop a
Japanese version of MARS based on cross-cultural adaptation
and (2) to assess the reliability and validity of this Japanese
version by evaluating mHealth apps in the Japanese language.

Methods

Study Design

This study was conducted in two steps, following the
methodology of previous trandation and validation studies of
the English MARSIn other languages[21-25]: (1) cross-cultural
adaptation with trandation and back-trandation and (2) a
statistical evaluation of the reliability and validity of the
trandlated scale.

MARS

Theoriginal MARS was devel oped by Stoyanov and colleagues
[13] to establish a multidimensional measure able to classify
and evaluate the objective and subjective quality of mHealth
apps. Themain part of thisoriginal version of MARS consisted
of 23 items. The objective evaluation of mHealth app quality
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included 4 subscales: engagement (items 1-5), functionality
(items 6-9), aesthetics (items 10-12), and information (items
13-19). The subjective quality subscale consisted of 4 items
(items 20-23). Each MARS item is rated on a 5-point Likert
scale (from 1 to 5: inadequate, poor, acceptable, good, and
excellent), except for items 14 to 17 and item 19, which also
have a “not applicable” option, for cases in which the item is
not applicable to the evaluation. A mean score for each of the
4 objective subscales and an overall mean score of these 4
subscales are used. To determine subjective quality, individual
scoresfor each item and amean scorefor thissubscale are rated
separately. In addition to these 23 MARS items, sectionsto rate
the classification, description, and perceived impact of the
mHealth app can be adjusted according to the aims of the
researcher. Both the original MARS [13] and several trandlated
versions [21-25] have been assessed as providing high to
satisfactory reliability and validity.

Cross-Cultural Adaptation and Trandation Process

For the adaptation process, wewere especially concerned about
the cultural and linguistic differences between English and
Japanese. Most of the existing trandations of MARS are in
European languages, which share some degree of cultural and
linguistic similarities with English, but not with Japanese
[27-29]. Therefore, we decided to adopt the “universalist”
approach described by Herdman et a [30]. In this approach, 6
domains are considered for cross-cultural adaptation: item,
conceptual, semantic, operational, measurement, and functional
equivalence. Following these guidelines, each item and
subcategory was assessed by a panel of 4 of the authors,
comprising severa specialties: apsychologist with abackground
in epidemiology (M Sakata), a registered nurse with a
background in epidemiology (MI), a medical doctor and
information technology developer (KY), and a sociologist
specializing in questionnaire development (MH). All members
are multilingual in Japanese, English, and other languages.

With the agreement of the panel, 3 trandations were
independently prepared by 3 panel members (M Sakata, M,
and KY). Following review and discussion of the differences
between the 3 trandations, a first draft of the Japanese
trandation was developed. This draft version was then
back-translated into English, without referencing the original
MARS scale or the original article, by a professiona Japanese
medical translator with a background in clinical epidemiology
(SK). The back-trandated version was proofread by a native
English trandator with a background in clinical pharmacy and
clinical pharmacology. It was then reviewed and compared to
the original by the developer of MARS (SS) and adjusted based
on his feedback (Multimedia Appendix 1).

App Selection and Assessment

To better compare the results of this study with those of the
original MARS, wetried to follow the original strategy for app
selection and assessment. A systematic search was conducted
on the Google Play Store and Apple App Storefor mental health
apps. Theinclusion criteriawere asfollows: (1) the app wasin
Japanese, (2) the app was free, (3) the app was designed for
adults, and (4) the app was developed by an entity based in
Japan. The exclusion criteria were as follows: (1) the app
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required the registration of personal information, (2) the app
was unrelated to health, and (3) the app was developed for
ongoing research by another academic entity. Because logic
operators (AND, OR, and NOT) are not allowed in the Google
Play Store or Apple App Store, the following keywords were
used individually: “mindfulness,” “depression,” “wellbeing,”
“well-being,” “mental health,” “anger,” “CBT,” “stress,
“distress,” and “anxiety.”

The sample size was calculated based on previous research
[12,13,21]. A tota of 41 apps were required to demonstrate
interrater reliability within 0.15 of asample observation of 0.80,
with 87% assurance (based on 10,000 simulation runs) [31].
Ten apps were evaluated for the training stage, and to account
for possible ineligible samples, a sample size of 60 apps was
considered necessary for this study. If more than 60 apps were
eligible after the systematic search, 60 apps were randomly
selected using a random sequence. If an app turned out to be
ingligible for evaluation, it was eliminated and another app
randomly selected from among the remaining eligible apps.

After watching a training video provided by the author of the
original MARS (SS), 10 apps were rated independently by 3
raters (MI, KY, M Sakata) as a training exercise. Then,
disagreements were discussed until aconsensuswas reached to
ensure consistent interpretation of all MARS terminology and
item logic. Two raters independently assessed the remaining
50 appsin the fina analysis.

Statistical Analysis

Descriptive Statistics

The distribution of summary scores (for the total and subscale
scores for objective quality) was visualy inspected and
evaluated for a normal distribution using skewness and the
Shapiro-Wilk test. Skewness was judged significant if the
estimate was more than plusor minus 1.0. Normally distributed
data were expressed as the mean (SD). Floor or ceiling effects
were judged to be present if more than 15% of the apps were
rated as the lowest or highest scores, respectively.

Reliability

The internal consistency of the total and subscale scores for
objective quality was assessed using Cronbach a. Internal
consistency was deemed acceptable at 0>.6 [32]. Theinterrater
reliability was assessed using the intraclass correlation
coefficient (ICC) using 2-way mixed effects and an
averaged-measurements model with absolute agreement
[13,21,22]. ICC was judged acceptable at >0.5[33].

Validity

For construct validity, item-subscale correlations were
investigated using multitrait scaling analysis [34]. The
convergent validity was deemed satisfactory if theitem achieved
at least a correlation of 0.4 with its item-own subscale. For
discriminant validity, the correlation coefficients of each item
with an item-own subscal e were compared with those with other
subscales. Thediscriminant validity was considered satisfactory
if more than 80% of correlation coefficients in the item-own
subscale were higher than those with other subscales [22]. We
expressed these estimates as the success rate—the number of
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itemsthat fulfilled the above-mentioned conditions, divided by
thetotal number of items within the subscale. This successrate
was only calculated for the 4 objective quality subscales,
because subjective quality israted independently from objective
quality in MARS.

To determine concurrent validity, the lack of an external “gold
standard” rating scaleled usto compare the correl ation between
the mean scores from 4 subscales of objective quality against
the star rating and subjective quality total mean score using the
Pearson r coefficient with 95% CI. The correlation between the
mean total score of objective quality and mean star ratings in
the app stores was also determined as in the original MARS
[13].

Statistical Software

R (version 4.0.5; R Foundation for Statistical Computing) was
used for all analyses.

Results

Cross-Cultural Adaptation and Translation Process

The 4 specialistsheld ajoint discussion to conduct aconceptual
analysis of the Japanese translation. All subscales and items
were evaluated for conceptual equival ence between English and
Japanese. The panel agreed to include al items in all of the
subscales in the transl ation.

No major discrepancieswere found among the 3 independently
developed trandations. All differences in expression were
resolved through discussion. However, we encountered issues
when translating several wordsthat had no Japanese equival ent.
For example, for the word “engagement,” it seemed that no
Japanese word could express this concept. In such cases, we
translated theword into terms as close as possible to the original
concept together with the phonetic rendition in katakana, a
Japanese syllabary used to expressforeign wordsbased on their
pronunciation.

After creating the initial Japanese version of MARS, a
back-tranglation was sent to the author of the origina MARS
without modifications. In general, the back-translated version
was deemed equivalent to theoriginal MARS. Several comments
were provided to clarify word meanings. All comments from
the original MARS author werereviewed and integrated, where
relevant, by the 4 researchers who developed the Japanese
MARS together with the trandator who provided the
back-trandation (SK). Because the back-trandlation was
considered appropriate and no major changes were made, no
second back-translation was created after discussion with the
author of the original MARS (SS).

App Selection and Test Phase

A search of the Apple App Store and Google Play Store was
conducted on June 4 and June 11, 2021. A total of 2821 apps
(Apple App Store: n=596; Google Play Store: n=2225) were
retrieved. All the apps were screened for adherence to the
inclusion and exclusion criteria based on the information page
for the app. Of 225 candidate apps, 53 were duplicates, and the
remaining 172 apps were the fina candidates for random
sampling. A computer-generated random segquence was assigned,
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and the first 60 apps were selected for testing and evaluation
(Figure 1). Fifty-four apps were excluded from the list during

Yamamoto et al

this rating phase based on the inclusion and exclusion criteria.

Figure 1. Flow diagram showing the process of identifying apps for pilot use of the Mobile App Rating Scale (MARS).
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Reliability and Validity Analysis

Among the 50 apps analyzed, 36 (72%) were from the Google
Play Store, and 14 (28%) were from the Apple App Store. A
response of “not applicable (N/A)” was alowed for items 14
to 17 and 19 when there were no concrete goals (item 14), no
information (items 15-17), or no search results in Google
Scholar (item 19). More than 50% of the valuesfor these items
were therefore missing (73%, 60%, 61%, 58%, and 91% for
items 14 to 17 and 19, respectively). It was decided to treat
these values as missing in most of the analyses, except for the
item-subscale correlation analysis, where a value of zero was
assigned as “not applicable.”

Table 1 shows the descriptive analysis results. No skewness
was apparent in subscal e score distributions. The Shapiro-Wilk
test revealed a lack of fit to a normal distribution in severa
subscales. However, after visual inspection of the distributions,
the mean (SD) was finally determined for al subscales. No
ceiling or floor effects were detected.

Table 2 shows the results of the reliability analysis. Cronbach
o was deemed acceptablein all objective and subjective quality
subscales, with a range of a=.78 to .89. ICC results were
considered acceptable for all subscales of objective quality and
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subjective quality, falling within the range of 0.61 to 0.79,
except for the “functionality” subscale, which had an ICC of
0.40 (95% CI 0.20-0.54).

As shown in Table 3, the results of convergent and divergent
validity were analyzed using multitrait scaling analysis. Item
19 was eliminated from the anal ysis because more than 90% of
responses were “not applicable” As for convergent validity,
most items were deemed acceptable with a correlation of >0.4,
and the success rate was satisfactory, except for the subscale
“information” (50%). For divergent validity, most items were
satisfactory, with more than an 80% successrate, except for the
subscale “information” (67%). Figure 2 shows a visua image
of item-subscal e rel ationshipsin subscal es of objective quality.

Table 4 shows the concurrent validity based on the Pearson
correlation coefficient between thetotal score (ie, the combined
scores for objective and subjective quality) vs the MARS star
rating (item 23) and the star rating on the app stores (ie, Google
Play Store and Apple App Store). A statistically significant
correlation was found between the total score and the MARS
star rating at >0.8 with a relatively narrow 95% CI. However,
this correlation was not observed in the correl ation between the
total score and the app store star rating (0.17-0.3), which had a
wider 95% ClI.
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Table 1. Descriptive statistics.

Scale Skewness Shapiro-Wilk (P) Ceiling effect (%) Floor effect (%) Mean (SD)

Objective quality

Engagement 0.25 0.98 (.16) 1 2 2.64 (0.74)
Functionality -0.96 0.93 (<.001) 2 2 3.67(0.82)
Aesthetics 0.21 0.96 (.002) 4 3 3.13(0.83)
Information -0.29 0.97 (.06) 1 2 2.98 (0.69)
Total Score -0.16 0.99(.32) 1 1 2.90 (0.63)
Subjective quality 0.53 0.93 (<.001) 1 14 2.20 (0.94)
Table 2. Internal consistency and interrater reliability.
Scale Cronbach a Intraclass correlation coefficient (95% Cl)
Objective quality
Engagement .78 0.69 (0.57-0.77)
Functionality .83 0.40 (0.20-0.54)
Aesthetics .89 0.61 (0.4-0.72)
Information .82 0.79 (0.23-0.75)
Total Score 81 0.70 (0.65-0.74)
Subjective quality .88 0.75 (0.67-0.81)
https.//mhealth,jmir.org/2022/4/e33725 JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 4| €33725 | p. 5
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Table 3. Construct validity measured with multitrait scaling analysis.

Yamamoto et al

Subscale and item

Corrected item-subscale correlation

Success rate?

Convergent validity

Divergent validity

Engagement

Functionality

Item 1
Item 2
Item 3
Item 4

Item 5

Item 6
Item7
Item 8

Item9

Aesthetics

Item 10
Item 11
Item 12

Information

Subjective quaJityd

Item 13
Item 14
Item 15
Item 16
Item 17
Item 18

Item 19°

Item 20
Item 21
Item 22
Item 23

0.35
0.61
0.65
0.53
0.62

0.59
0.55
0.81
0.73

0.68
0.84
0.83

0.24
0.33
0.74
0.75
0.39
0.49

0.83
0.84
0.55
0.78

4/5

4/4

3/3

3/6

4/5

4/4

3/3

4/6

83uccess rate was defined as the rate of prespecified acceptable items among all items in each subscale.
Bitem 19 was eliminated from the analysis because of missing values.

“Not applicable.

dSuccess rate was not calculated for subjective quality.
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Figure 2. Box plots of subscale correlations with item-own and other subscales. The mean correlation of each subscale is higher than the correlation
with other subscales.
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Table 4. Concurrent validity of total score measured with the Pearson correlation coefficient.
Scale Pearson r 95% Cl P value
Total score vs subjective quality 0.85 0.79-0.90 <.001
Total scorevs star rating (item 23) 0.84 0.77-0.89 <.001
Total score vs star rating (app stores) 0.24 0.03-0.42 .02

: : statistical evaluation of the reliability and validity of the
Discussion Japanese version in assessing 50 apps in Japanese.
Main Study We adopted the universalist approach [30] following practices

To our knowledge, thisisthefirst timeacross-cultural approach
has been used in the development and validation of a Japanese
version of the MARS. This study also includesthe involvement
of one of the authors of the original MARS. It provides a
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from previous studies on translations and cross-cultural
validation of MARS in other languages. There is controversy
about whether it is preferable to adopt a universaist or
country-specific approach to patient-reported outcome measures.
However, the consortium that qualifies patient-reported
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outcomes for use in clinical trials in the United States prefers
a universalist approach to minimize the variability of
language-related logistical complexity [35]. The universalist
approach has substantial advantages in achieving conceptual
equivalence in cross-cultural trandation. Following this
approach, weformed apanel with membersfrom awidevariety
of disciplines, not only limited to medicine or psychology, but
also including an information technology developer, a
professional translator with a background in epidemiology, and
asociologist specializing in the development of questionnaires.
After discussion within the panel to account for linguistic
differences between Japanese and the original English version,
wefinally decided to include all itemswith minor modifications
for the Japanese version, based on conceptual, semantic,
operational, measurement, and functional equivalence. For a
cultural adaptation, we believe that it is most practica and
helpful to involve specialistsfrom abroad range of backgrounds.

During app selection, 172 apps were found eligible for
evaluation, of which 60 were selected. Surprisingly, more than
90% of these apps lacked any scientific evidence supporting
them; wefound neither research nor supporting articleson their
efficacy. Takashina et a [36] evaluated 47 apps for depression
that had been developed in Japanese and concluded that very
few appswere evidence-based and secure. Thissituationisquite
problematic, because inaccurate or misleading apps could
potentially impair the health of users or lead to incorrect
decision-making [22]. For this reason, the current study offers
a step in the right direction by trandlating a well-established
quality evaluation scale into Japanese.

The analysis of reliability and validity suggests that our results
are comparable with the original MARS and other trandated
versions [13,21-24]. The interna consistency and Cronbach a
of all subscales and total scores were satisfactory according to
the internationally established quality criteria [37]. This high
internal consistency was also observed in the origind MARS
study and in previoustranslation studies. Conversely, our study
showed dlight variability in interrater reliability, with an ICC
in the range of 0.40 to 0.79. This finding was a so observed in
the original MARS, which had a range of 0.50 to 0.83. We
evaluated 10 apps after watching a training video provided by
the author of the original MARS; 2 raters then discussed the
evaluation. Disagreements were discussed until a consensus
was reached. We still found low ICC for the “functionality”
subscale, however. In that sense, we consider that a test phase
and use of atraining video are particularly important in assuring
mHealth apps are rated correctly.

Asfor construct validity, we used a multitrait scaling analysis
with item-subscale correlation rather than a factor analysis,
because this method has been successfully applied in all previous
studies. Our results were satisfactory in terms of
convergent/divergent validity and fulfilled the prespecified
success level, except for the “information” subscale, in which
“not applicable’” was the choice for most items. This was
assigned a value of zero instead of being reported asamissing
value. As in the originad MARS study, the Japanese version
also accepts “not applicable” as a response to items 14 to 17
and 19. During the evaluation, we frequently encountered apps
where no clear goal was stated and no information on the source

https://mhealth.jmir.org/2022/4/€33725
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or detailed explanations were provided. In these cases, “not
applicable” was chosen rather than one of the choices of the
Likert scale. MARSitself takes such situationsinto account and
uses the mean of the subscale total score. However, this is a
problem for validation because the proportion of “not
applicable” answers exceeded 50% for items 14 to 17 and 19.
As away of resolving this, we assigned zero as the numerical
score for “not applicable” rather than treating these as missing
values in items 14 to 17, thus allowing a comparison of the
proximity of the scores between the raters. Item 19 was
eliminated from the analysis, as it was in other MARS
trandation studies, because mHealth apps mostly lack
evidence-based evaluation research, which the item aims to
measure. We believe this should be clarified in afuture updated
version once a better practice for mHealth evaluation iswidely
implemented.

When measuring concurrent validity, the MARS abjective
quality total score was significantly and closely correlated with
the subjective quality total score and star rating (item 23), with
Pearson r>0.8. However, it was fairly well correlated with the
star rating on the app stores. Thisfinding has also been seenin
previous studies [13,22]. As Stoyanov et al [13] reported, it is
possible that the MARS subjective quality rating may be
influenced by the completion of the MARS objective quality
rating, and the results should be evaluated with caution.
However, the lack of reliability of the star ratings on app stores
has also been reported [38], and in this sense, MARS subjective
score or star ratings could be a more reliable indicator of the
ratings of mHealth apps.

Limitations

This study has several limitations. First, this was a validation
study that tested only mental health apps. Thiswasto maintain
comparability with the original MARS study, which also studied
only mental health mHealth apps. However, other trandated
MARS studies have used apps on other topics, such as physical
activity [21] and primary prevention [22]. Accumulating
evidencein recent publications showsthat MARS isbeing used
to evaluate mHealth apps in a wide variety of areas [15-20].
Thus, availability of a Japanese MARS will facilitate further
research on app validation. Secondly, as mentioned above, the
“information” subscale could not be adequately validated in
this study. Neither the origina MARS study nor other trandation
studies have had missing values, except for item 19, which
estimates the degree of the evidence base of an app. However,
several itemsdo allow the “ not applicable’ choice and thereare
no clearly defined guidelines on the appropriate use of thisrating
optionintheoriginal MARS version. For thisreason, it may be
prudent to specify standards on choosing this option in future
updated versions.

Future Research

Based on the results of the present study, we would like to
propose severa topics for future research. First, as made
apparent in this study, validation requires further research. In
almost all previous studies, item 19 (ie, the evidence base) was
excluded from the analysis because of missing data. MARS was
created to take missing valuesinto account and uses mean scores
instead of sum scores. This, however, makes it complicated to
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estimate the validity of individual items; more research needs
to be performed to validate the scale. Second, a more detailed
validation of the Japanese version of MARS is also required,
especialy regarding app classification and perceived impact.

Yamamoto et al

evaluated using standardized measures, such as randomized
controlled trials. MARS can be used in conjunction with such
studies to help determine the link between app quality and

efficacy.

In the present study, we only validated the main MARS
components. Lastly, the goal of mHealth apps should be to
improve health outcomes. As the present and previous studies
show, few mHealth apps have been evaluated and assessed in
medical studies. This means that most mHealth apps lack any
evidence on health outcomes. In this sense, health outcome
improvements through the use of mHealth apps need to be

Conclusion

A Japanese version of MARS was developed and shown to be
asreliableand valid asthe original MARS. The Japaneseversion
of MARS can be used as a standard in evaluating the quality
and credibility of mHealth apps. Further research is required
for additional validation and for exploring the application of
the scale in arange of research contexts.
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