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Abstract

Background: Mobile health (mHealth) apps play an important role in delivering education, providing advice on treatment, and
monitoring patients’ health. Good usability of mHealth apps is essential to achieve the objectives of mHealth apps efficiently.
To date, there are questionnaires availabl e to assess the general system usability but not explicitly tailored to precisely assessthe
usability of mHealth apps. Hence, the mHealth App Usability Questionnaire (MAUQ) was developed with 4 versions according
to the type of app (interactive or standalone) and according to the target user (patient or provider). Standalone MAUQ for patients
comprises 3 subscales, which are ease of use, interface and satisfaction, and usefulness.

Objective:  This study aimed to translate and validate the English version of MAUQ (standalone for patients) into a Malay
version of MAUQ (M-MAUQ) for mHealth app research and usage in futurein Malaysia.

Methods: Forward and backward translation and harmonization of M-MAUQ were conducted by Malay native speakers who
also spoke English as their second language. The process began with aforward translation by 2 independent translators followed
by harmonization to produce an initial translated version of M-MAUQ. Next, the forward trandation was continued by another
2 tranglators who had never seen the original MAUQ. Lastly, harmonization was conducted among the committee members to
resolve any ambiguity and inconsistency in the words and sentences of the items derived with the prefinal adapted questionnaire.
Subsequently, content and face validations were performed with 10 experts and 10 target users, respectively. Modified kappa
statistic was used to determine the interrater agreement among the raters. The reliability of the M-MAUQ was assessed by 51
healthy young adult mobile phone users. Participants needed to install the MyFitnessPal app and useit for 2 daysfor familiarization
before completing the designated task and answer the M-MAUQ. The MyFitnessPal app was selected because it is one among
the most popular installed mHealth apps globally available for iPhone and Android users and represents a standalone mHealth
app.

Results: The content vaidity index for the relevancy and clarity of M-MAUQ were determined to be 0.983 and 0.944, respectively,
which indicated good relevancy and clarity. The face validity index for understandability was 0.961, which indicated that users
understood the M-MAUQ. The kappa statistic for every item in M-MAUQ indicated excellent agreement between the raters (k
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ranging from 0.76 to 1.09). The Cronbach a for 18 itemswas .946, which also indicated good reliability in assessing the usability

of the mHealth app.

Conclusions: The M-MAUQ fulfilled the validation criteria as it revealed good reliability and validity similar to the original
version. M-MAUQ can be used to assess the usability of mHealth appsin Malay in the future.

(JMIR Mhealth Uhealth 2021;9(2):€24457) doi: 10.2196/24457
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Introduction

Mobile health (mHesalth) plays avital rolein delivering health
education and disease management advice and in monitoring
patients health in many ways [1,2]. mHealth development is
beneficial not only for populations with diseases but also for
active individuas, athletes, and older adults [3-6]. The 2 main
factors that influence the effective use of mHealth apps for
self-care are perceived usefulness and ease of use [7].
Well-designed mHealth apps have proved their
cost-effectiveness by educating and empowering patients as
well as by improving the medication adherence of patients
[8-10]. However, reviews have shown that there is insufficient
evidence for the quality of mHealth apps.

Thetarget users of mHealth apps can be categorized into either
patients or health care providers. mHealth apps for patients are
specifically designed for those who intend to manage their
health, for example, health behaviors, while mHealth apps for
health care providers are developed for delivering health care
services, for example, medication prescription, laboratory orders,
consultation, and patient education [11]. Some terms need to
be customizable in the usability questionnaire to represent
specific target users of mHealth devices. In addition to
categorization according to target users, mHealth apps can be
categorized according to interactive functions, that is, interactive
mHealth app or standalone mHealth app [11]. Interactive
mHeal th apps enabl e usersto send and receive information from
their health care providers. Patient-provider communication can
be synchronous or asynchronous. Standalone mHealth apps
contain reminders or progress charts that collect health or
activity information; however, the data are not shared with the
health care providersimmediately. Therefore, there are limited
interactions in standalone mHealth apps [11].

Any mobile app should be designed with good usability or the
app should be easy to use without errors and be able to achieve
its objectives effectively. The characteristics of good usability
are (1) efficiency: the comprehensiveness of a product enables
usersto achieve their goals, (2) satisfaction: users have positive
feedback about the product, (3) learnability: the product is easy
to learn, (4) memorability: the usage mechanism of the product
or the system is easy to remember even after the users have not
been using it for awhile, and (5) low error rate: low errors can
prevent disasters [12,13]. However, the above usability
characteristics are not specific to mHealth apps because of
several phone issues, for example, small screen or screen
overload [14].

http://mhealth.jmir.org/2021/2/e24457/

A new usability model has been proposed to enhance the
framework within the context of mobile apps and it is called
PACMAD (People At the Centre of Mobile App Devel opment)
[15]. This model identifies 3 factors that should be considered
when evaluating usability: (1) user, (2) task, and (3) context of
use that can affect the overall usability of a mobile app [15].
The added element of “cognitive load” in PACMAD assesses
the user ability to perform additional tasks, for example, exercise
while using the mobile device [15]. Therefore, usability should
be based on effectiveness, efficiency, satisfaction, learnability,
memorability, and cognitiveload with very minimal errors[15].

Several usability scales have been evaluated based on the
importance of usability in devel oping mobile apps. The mobile
app rating scale and the user version of the mobile app rating
scale include some usability components to assess the quality
of mobile apps [16,17]. However, they does not assess the
usability by the end user and they have abroader scope[16,17].
Taking this into consideration, mobile apps that are intended
for health purposes (mHealth apps) should be assessed with a
more appropriate usability questionnaire. Therefore, a new
usability scale called the mHealth App Usability Questionnaire
(MAUQ) was developed [18]. This MAUQ can assess the ease
of use, interface, satisfaction, and the usefulness of mHealth
apps to the end users (either patients or health care providers)
and the type of interaction between the patients and health care
providers (standalone or interactive).

To the best of our knowledge, only 1 study has reported the
usability of a Malay-translated mobile app [19]. However, the
guestionnaire used was the system usability scale questionnaire,
which caters to general software systems. As more health
interventions using mobile apps are being devel oped, this study
aims to translate and validate a Malay version of MAUQ for
future mHealth app research and usage.

Methods

Overview of the Questionnaire

The English version of MAUQ was developed and validated
by Zhou and his team [11]. The aim of MAUQ was to assess
the usability of mHealth apps among patients and health care
providers. MAUQ has 4 versions assessing the type of app
(interactive or standalone) and the target users of the app (patient
or health care provider). For this study, “MAUQ standalone
used by the patient” was used. The patient refers to a person
who uses an mHealth app to maintain, improve, or manage
his/her health. The questionnaire consists of 3 subscales, which
are ease of use (5 items), interface and satisfaction (7 items),
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and usefulness (6 items). Participants rate each of the items
using a 7-point Likert scale ranging from 1 (strongly disagree)
to 7 (strongly agree). The usability of the app is determined by
the total and average of all statements—the higher the overall
average, the better the usability of the app. However, if the
average score islower than 4, it means that the usability of the
app isnot good. MAUQ standal one used by patients had strong
internal consistency with an overall Cronbach a value of .914
[18]. This study was conducted from April to August 2020.

Tranglation and Adaptation Process

The original MAUQ standalone questionnaire was trandated
into Malay using the guidelines for health care trandation and
cross-cultural adaptation to achieve equivalence between the
origina and the trandated version [20]. First, the forward
translation process (from English to Malay) was conducted by
2 independent certified translators who knew the Malaysian
culture and linguistics; 1 trandlator was specialized in the
computer sciencefield whilethe other was specialized in health
sciences. Thus, 2 independent documents (F1 and F2) were
produced. Second, the documents (F1 and F2) underwent
harmonization. In this process, athird translator was appointed
(in this step, we used a Malay language teacher with teaching
experience of more than 5 years) to identify any ambiguities
and discrepancies in the words, sentences, grammar, and
meaning by comparing between F1 and F2 and between the
original MAUQ and both F1 and F2. The discrepancies and
ambiguities were discussed and resolved through consensus
decision making by the third trandlator, the first 2 trandators,
and 2 members of the research team (NM and AJ) to produce
aninitial trandated version of the MAUQ document (H1). Third,
the translated version of the MAUQ (H1) was given to 2
independent native Malay speakers who spoke English astheir
second language. One was the content expert of the build
instrument (computer science lecturer) while the other one did
not know the instrument construct (English language teacher).
Both had never seen the original version of MAUQ. They
produced 2 independent documents of the back-translated
version of MAUQ (B1 and B2). Fourth, a committee was
approached to compare the documentswith the origind MAUQ.
This committee comprised of 2 researchers (NM and AJ),
tranglatorsinthefirst and third steps, and the original devel oper
of MAUQ. The discussion among the committee members was
conducted through emails and web-based meetings using the
Google meet platform. Any ambiguity and inconsistency inthe
cultural meaning and expression of the words and sentences of
the items and answer format were addressed and resolved
through consensus among committee members to derive the
prefinal adapted questionnaire. This adapted questionnaire was
called the Malay version of the mHealth Usability Questionnaire
(M-MAUQ).

Validation of the Questionnaire

TheM-MAUQ underwent aprocess of validation that consisted
of content validity, face validity, and reliability (internal
consistency). Content validation aimed to evaluate the relevancy
of theitemsin each domain and the clarity of thetrandated item
to assess the usability of mobile apps related to health. The 10
experts who conducted content validation of the M-MAUQ
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were 4 mobile app developers, 3 PhD senior lecturers in
computer science and information technology, and 3
health-related practitioners. They were asked to give a score of
1 (item not relevant/clear) to 4 (item very relevant/clear). The
establishment of content validity was represented by the content
validity index value in the form of item-level content validity
index and overall-scale content validity index. Before content
validity index was calculated, scores of 3 and 4 were
recategorized as 1 (relevant/clear) and scores of 1 and 2 as 0
(not relevant /not clear). Next, the number of experts in
agreement (relevant/clear) was divided by the total number of
experts. The items that had content validity index of at least
0.79 indicated that the item was relevant to the domain, clear,
and comprehensible to the target users[21].

Face validation testing, which aims to assess the clarity and
comprehensibility of thetranslated items, was conducted by 10
target users. The users were asked to give scores from 1 (item
not understandable) to 4 (item very understandable) based on
the understandability of the trandated items in M-MAUQ.
Scores of 3 and 4 were recategorized as 1 (understandable) and
scores of 1 and 2 as 0 (not understandable). The face validity
index was computed by calculating the scale average. They
highlighted the words that they could not understand. The
interrater agreement among the 10 experts and the 10 target
users was determined using the modified kappa statistic. The
probability of chance agreement (Pc) was first determined for
each item using the following formula:

Pc = [(N!/Al) (N-A)!] * 0.5
In this formula, N is the number of raters (experts/target user)
and A is the number of experts/target users who agree that the
item was clear or relevant or understandable [21]. Next, kappa
was determined using the following formula:

K = (item-level content validity index—Pc) / (1-Pc)

The kappa formulawas computed using Microsoft Excel, with
avalue above 0.74 considered as excellent, 0.60 to 0.74 as good,
and 0.54 to 0.59 as fair [21]. For reliability testing, a sample
size of 38 participants was calculated, with an expected
Cronbach a of .80 and an expected precision of 0.1 at 95% Cl
[22]. With an expected dropout rate of 20% taken into account,
the final sample size calculated was 48 [22].

Participants were recruited among studentsin the I nternational
Islamic University of Malaysia, Kuantan Campus through
invitation using the WhatsA pp group by student representatives.
The student representative contact was obtained with hisg/her
permission from the department administrative office.
Participants interested in joining the study were given alink to
a new WhatsApp group where further instructions were
provided. A web-based consent form and the flow of the study
were shared to the WhatsApp group. Participants who agreed
to join had to complete the web-based informed consent form.
The inclusion criteria of the participants were (1) no known
medical illness and (2) owned a smartphone. They were asked
to install the MyFitnessPal app on their mobile phone and use
it multiple times for 2 days before the session in order to be
familiar with the features. The MyFitnessPal app was selected
for the usability study because it is among the most popular
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installed mHealth apps globally; it has been used in most studies
andisavailablefor Android and iPhone users[23,24]. Moreover,
the MyFitnessPal app is considered a standal one mHealth app.

A general introduction and a brief demo of the MyFitnessPal
app was provided on the Google meet platform. When using
the MyFitnessPal app, participants were asked to finish the
following tasks: (1) create own profile and determine their
weight goals, (2) identify their remaining calories for that day,
which included calorie goals, calories in (food), and calories
out (exercise), (3) use diary features to add new records about
food eaten and water consumed on that day and view the total
nutrient intake (macronutrient and micronutrient), and (4)
explore health-related and nutrition-related articles, recipes, and
plan features. After finishing the tasks, participants were asked
to answer the M-MAUQ. Web-based data were collected due
to the current COVID-19 pandemic, because mass gathering
was not recommended. The internal consistency of M-MAUQ

Mustafa et al

was evaluated by cal culating the Cronbach a valuefor theentire
questionnaire and its subscale. Higher a val ue suggests greater
internal reliability and more than .70 is acceptable as good
internal reliability [25].

The validation tests performed on M-MAUQ were conducted
using aweb-based Google form, where the link was sent to each
participant via personal WhatsApp (for the content and face
validity test) or group WhatsApp (for the reliability test) to
facilitate data collection. Figure 1 illustrates the overview of
theflow of thetranslation and adaptation process, together with
the validity process. All statistical analyses were performed
using SPSS datistics version 23 (IBM Corp). This study
obtained ethical approval from the UKM Research Ethics
Committee (Ref No. UKM PPI/111/8/ JEP-2019-008) and was
funded by the National Sports|nstitute of Malaysia (Grant code:
NN-2018-093).

Figurel. Theflow of trandation, cross-cultural adaptation, and validation process for the Malay version of the mHealth App Usability Questionnaire

(M-MAUQ).
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Results

The content validity index for therelevancy (Table 1) and clarity
(Table 2) of M-MAUQ was calculated to be 0.983 and 0.944,
respectively. Meanwhile, the face validity index (Table 3) for
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understandability was calculated to be 0.961. The content
validity index and face validity index scores above 0.79 indicate
that the items in the questionnaire are relevant for domain,
clarity, and understandability for the target user [26]. The
modified kappa agreement for every item in M-MAUQ
demonstrated excellent agreement (k=0.76-1.09).
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Table 1. Content validity index of item relevancy and modified kappa agreement by 10 experts.

Items Ratingof 3or4(n)  Ratingof 1or2(n) Item-level content  Probability of chance  \ogified kappa’ Interpretation

validity index® occurrence”
1 10 0 1.000 0.001 1.000 Excellent
2 10 0 1.000 0.001 1.000 Excellent
3 10 0 1.000 0.001 1.000 Excellent
4 9 1 0.900 0.010 0.899 Excellent
5 10 0 1.000 0.001 1.000 Excellent
6 10 0 1.000 0.001 1.000 Excellent
7 10 0 1.000 0.001 1.000 Excellent
8 10 0 1.000 0.001 1.000 Excellent
9 10 0 1.000 0.001 1.000 Excellent
10 9 1 0.900 0.010 0.899 Excellent
11 10 0 1.000 0.001 1.000 Excellent
12 10 0 1.000 0.001 1.000 Excellent
13 10 0 1.000 0.001 1.000 Excellent
14 10 0 1.000 0.001 1.000 Excellent
15 10 0 1.000 0.001 1.000 Excellent
16 10 0 1.000 0.001 1.000 Excellent
17 9 1 0.900 0.010 0.899 Excellent
18 10 0 1.000 0.001 1.000 Excellent

30verall-scale content validity index=0.983.

bComputed using the formula: Pc = [(N//A!) (N-A)!] * 0.5V, where Pc=probability of chance occurrence, N=number of experts, and A=number of
experts who agree the items are relevant.

“Computed using the formula: k = (item-level content validity index — Pc) / (1-Pc), where Pc=probability of chance occurrence. The interpretation
criteriafor kappawere as follows. Excellent=k>0.7, Good=0.6<k<0.74, and Fair=0.40<k<0.59.
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Table 2. Content validity index of item clarity and modified kappa agreement by 10 experts.

Items Ratingof 3or4(n)  Ratingof 1or2(n) Item-level content  Probability of chance  \ogified kappa’ Interpretation

validity index® occurrence”
1 10 0 1.000 0.001 1.000 Excellent
2 10 0 1.000 0.001 1.000 Excellent
3 8 2 0.800 0.176 0.757 Excellent
4 10 0 1.000 0.001 1.000 Excellent
5 10 0 1.000 0.001 1.000 Excellent
6 9 1 0.900 0.010 0.899 Excellent
7 10 0 1.000 0.001 1.000 Excellent
8 8 2 0.800 0.176 0.757 Excellent
9 7 3 0.700 4.219 1.093 Excellent
10 9 1 0.900 0.010 0.899 Excellent
11 10 0 1.000 0.001 1.000 Excellent
12 10 0 1.000 0.001 1.000 Excellent
13 10 0 1.000 0.001 1.000 Excellent
14 10 0 1.000 0.001 1.000 Excellent
15 10 0 1.000 0.001 1.000 Excellent
16 10 0 1.000 0.001 1.000 Excellent
17 10 0 1.000 0.001 1.000 Excellent
18 9 1 0.900 0.010 0.899 Excellent

@0verall-scale content validity index=0.944.

bComputed using the formula: Pc = [(N//A!) (N-A)!] * 0.5V, where Pc=probability of chance occurrence, N=number of experts, and A=number of
experts who agree the items are relevant.

“Computed using the formula: k = (item-level content validity index — Pc) / (1-Pc), where Pc=probability of chance occurrence. The interpretation
criteriafor kappawere as follows. Excellent=k>0.7, Good=0.6<k<0.74, and Fair=0.40<k<0.59.
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Table 3. Face vaidity index of item understandability and modified kappa agreement by 10 target users.

Items Understand (rating ~ Not understand (rat-  Item-level facevalid-  Probability of chance  nogified kappa® Interpretation
of 3or 4) (n) ing of 1 or 2) (n) ity index? occurrence?
1 10 0 1.000 0.001 1.000 Excellent
2 10 0 1.000 0.001 1.000 Excellent
3 8 2 0.800 0.176 0.757 Excellent
4 9 1 0.900 0.010 0.899 Excellent
5 10 0 1.000 0.001 1.000 Excellent
6 8 2 0.800 0.176 0.757 Excellent
7 10 0 1.000 0.001 1.000 Excellent
8 10 0 1.000 0.001 1.000 Excellent
9 10 0 1.000 0.001 1.000 Excellent
10 8 2 0.800 0.176 0.757 Excellent
11 10 0 1.000 0.001 1.000 Excellent
12 10 0 1.000 0.001 1.000 Excellent
13 10 0 1.000 0.001 1.000 Excellent
14 10 0 1.000 0.001 1.000 Excellent
15 10 0 1.000 0.001 1.000 Excellent
16 10 0 1.000 0.001 1.000 Excellent
17 10 0 1.000 0.001 1.000 Excellent
18 10 0 1.000 0.001 1.000 Excellent

3Face validity index average for 18 items (understandability)=0.961.

bComputed using the formula: Pc = [(N//A!) (N-A)!] * 0.5V, where Pc=probability of chance occurrence, N=number of experts, and A=number of

experts who agree the items are relevant.

“Computed using the formula: k = (item-level content validity index — Pc) / (1-Pc), where Pc=probability of chance occurrence. The interpretation
criteriafor kappawere as follows. Excellent=k>0.7, Good=0.6<k<0.74, and Fair=0.40<k<0.59.

Of the 59 participants, 51 (the calculated sample size was 48)
signed the web-based consent form and completed the
guestionnairefor thereliability study. The age of the participants
ranged from 22 yearsto 25 years, and al of them were students
(females, 47/51, 92%). The mean usability score for
MyFitnessPal using M-MAUQ was 0.802 (SD 0.104), which
indicated good usability. The Cronbach a values for total,

http://mhealth.jmir.org/2021/2/e24457/

subscale ease of use (Q1-Q5), subscaleinterface and satisfaction
(Q6-Q12), and subscal e useful ness (Q13-Q18) were 946, .893,
.942, and .742, respectively. Thevaue of Cronbach o if anitem
was del eted (refer to Table 4) remained highly consistent without
significant difference, indicating good internal reliability of the
developed questionnaire. The fina M-MAUQ can be viewed
in Multimedia Appendix 1.
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Table4. Theinterna consistency of theitem total statistics.
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Item  Scale mean if item deleted Scale variance if item deleted Corrected item total correlation ~ Cronbach a if item deleted
Q1 95.31 156.660 0.789 941
Q2 95.12 161.866 0.761 .942
Q3 95.37 158.558 0.674 .943
Q4 95.39 160.323 0.706 .942
Q5 95.49 158.135 0.650 .944
Q6 95.41 158.487 0.795 941
Q7 95.29 159.812 0.776 941
Q8 95.06 160.856 0.794 941
Q9 95.41 158.407 0.751 941
Q10 95.31 156.900 0.825 .940
Q11 95.57 155.370 0.849 .939
Q12 95.27 159.723 0.868 .940
Q13 95.18 160.868 0.745 .942
Q14 95.10 162.570 0.759 .942
Q15 95.31 162.500 0.727 .942
Q16 95.47 161.454 0.655 943
Q17 97.35 180.113 -0.057 .961
Q18 95.24 165.304 0.703 .943
Discussion guestionnaire called the M-MAUQ. This study adheres to the

This study described the trandlation, adaptation, and validation
of the English version of MAUQ into the Malay version. The
results of our study revealed ahigh level of content validity and
facevdidity for M-MAUQ (standalonefor patients). The content
validity index was high for all individual items (item-level
content validity index >0.900) and for overall score (scale
content validity index >0.944) in term of relevancy and clarity,
which exceeded the recommended benchmark of 0.79 [21].
Moreover, our kappa statistic indicated excellent agreement
between expert ratersfor content validity and among user raters
for face validity (k>0.77). This study also had high reliability
for the total domains of M-MAUQ, with Cronbach a>.90.

A questionnaire is one of the well-known methods for usability
testing [27], but devel oping a new one might require concerted
effort by the members of aresearch team, extra cost, and alot
of time [19]. Thus, adaptation of established, appropriate, and
available questionnaires with documented validity in other
languages is recommended [19]. Appropriate translation and
adaptation of an instrument are essential for ensuring the
equivalence between the original and translated versions
translated according to the accepted standards and at the same
timebeing culturally and conceptually appropriate [28]. Literal
trand ation might cause misunderstanding of the questions posed
sinceit does not anticipate the cultural sensitivity or the cultural
influence of the question. Regardless of the presence of a
multi-ethnic community in Malaysia, BahasaMaaysiaor Malay
is the national language, which justifies validating a
Malay-trandated version for MAUQ [29]. In this study, we
translated, culturally adapted, and validated an 18-item

http://mhealth.jmir.org/2021/2/e24457/

comprehensive and detailed guidelines for the trandation,
adaptation, and validation process documented by Sousa and
Rojjanasrirat [20], which was adopted by Marzuki et a [19].
Translating some technical words such as navigation and
interphase were challenging since these words were more
familiar in English thanin Malay. Moreover, adirect tranglation
of the words of “social setting” from the questionnaire might
raise questions from the user regarding the meaning. Thus, the
involvement of certified translators who are experts in the
translated and original language is essential. Harmonization
among expertsisessential to ensurethat the user has understood
the sentence correctly. A few exampleswere added to make the
guestions more clear and discussionswere held with the original
authors of MAUQ to ensure the consistency of each item in
both languages.

Validation isan essential processfor assuring that the measures
in the trandated version of the questionnaire are equivalent to
those of the construct of the original version. Numerous studies
have established content validity by using content validity index
to quantify the validity of the questionnaire [27]. Content
validity index is used primarily by researchers because it is
simple to measure, is understandable, provides details for each
item, and can be used to modify or deleteinstrument items[21].
Meanwhile, face validity focused more on the appearance and
the understandability of the questionnaire by the target user.
The validation process involved both experts and target users
to ensure that different opinions from the 2 groups could be
collected and discussed, and a consensus could bereached [21].
Modified kappa informed the agreement properties among the
raters [30], and high scores in both content validity index and
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face validity index suggest that M-MAUQ had been trandlated
accurately and adopted appropriately by our local users.

The internal consistency of the questionnaire is one of the
reliability components. Internal consistency was determined by
calculating the Cronbach a coefficient that represents the extent
to which the items are measuring the same things [31,32]. The
results of thereliability of M-MAUQ were comparableto those
of the English MAUQ, which wastested among 128 participants
in the Greater Pittsburgh area and the Cronbach a coefficients
for the 3 subscales ranged from .717 to .908 [11].

Thisstudy utilized the web-based data collection method owing
to the current COV1D-19 pandemic, wherein mass gathering is
not encouraged. Participants were gathered through virtual
meetings using the Google meet platform. Although virtual
meetings offer few advantages such as flexible time schedules
and flexibility in attending the meeting from each one's own
comfort zone, some limitationswereidentified. Technical issues
such as sudden internet breakdown or slowdown could have
led to communication breakdown. However, participants who

Mustafa et al

had problems with internet connection were contacted later in
separate virtual meetings. The other limitationswere asfollows.
First, the convenient sampling method was used, wherein
participants were recruited from 1 university in the state of
Pahang, Malaysia, thereby making it difficult to generalize the
findings of this study to awider populationin Maaysia. Second,
this research only focused on healthy young adults and the
findings may not be generalizableto older adults or anyone with
health-related issues. Third, additional reliability steps of
test-retest would be beneficial for measuring the stability of
respondent attributes.

In conclusion, our study shows that M-MAUQ has excellent
validity and reliability. M-MAUQ can be used to assess the
usability of mHealth apps among healthy young adultswho are
native Malay speakers. We suggest conducting a criterion
validation study for future research [33,34] as this would be
able to predict an outcome for another measure or domain of
the M-MAUQ. Moreover, this questionnaire can be added in
the future usability rating scale, as suggested in the Good
Practice Guidelines on Health Apps and Smart Devices[35].
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