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Abstract

Background: Over 325,000 mobile health (mHealth) apps are available to download across various app stores. However, quality
assurance in this field of medicine remains relatively undefined. Globally, around 84% of the population have access to mobile
broadband networks. Given the potential for mHealth app use in health promotion and disease prevention, their role in patient
care worldwide is ever apparent. Quality assurance regulations both nationally and internationally will take time to develop.
Frameworks such as the Mobile App Rating Scale and Enlight Suite have demonstrated potential for use in the interim. However,
these frameworks require adaptation to be suitable for international use.

Objective: This study aims to modify the Enlight Suite, a comprehensive app quality assessment methodology, to improve its
applicability internationally and to assess the preliminary validity and reliability of this modified tool in practice.

Methods: A two-round Delphi study involving 7 international mHealth experts with varied backgrounds in health, technology,
and clinical psychology was conducted to modify the Enlight Suite for international use and to improve its content validity. The
Modified Enlight Suite (MES) was then used by 800 health care professionals and health care students in Ireland to assess a
COVID-19 tracker app in an online survey. The reliability of the MES was assessed using Cronbach alpha, while the construct
validity was evaluated using confirmatory factor analysis.

Results: The final version of the MES has 7 sections with 32 evaluating items. Of these items, 5 were novel and based on
consensus for inclusion by Delphi panel members. The MES has satisfactory reliability with a Cronbach alpha score of .925. The
subscales also demonstrated acceptable internal consistency. Similarly, the confirmatory factor analysis demonstrated a positive
and significant factor loading for all 32 items in the MES with a modestly acceptable model fit, thus indicating the construct
validity of the MES.
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Conclusions: The Enlight Suite was modified to improve its international relevance to app quality assessment by introducing
new items relating to cultural appropriateness, accessibility, and readability of mHealth app content. This study indicates both
the reliability and validity of the MES for assessing the quality of mHealth apps in a high-income country, with further studies
being planned to extrapolate these findings to low- and middle-income countries.

(JMIR Form Res 2022;6(8):e36912) doi: 10.2196/36912
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Introduction

Use and access to mobile phones and the internet is ubiquitous
in many countries [1]. In 2020, there were 4 billion mobile
internet users, and this figure is expected to grow to 5 billion
by 2025 [2]. In 2017, over 325,000 mobile health (mHealth)
apps were available to download across various app stores with
the number of app publishers rising by 45% in the same year
[3]. This market proliferation has created a challenging task for
health care professionals to identify high-quality apps, as many
have been created without expert medical involvement,
appropriate testing, and validation [4]. A review published in
2020 indicated that most safety concerns about apps related to
the quality of their content [5]. Examples of inappropriate app
content include a recommendation for people with bipolar
disorder to “take a shot of hard liquor an hour before bed” and
a suggestion that bipolar disorder is “contagious” [6].

Given the rapid proliferation of mHealth apps, regulation of
this sector is challenging for policy makers [7]. Various
strategies are being used to tackle shortcomings of mHealth
apps especially in high-income countries (HICs). For example,
the Food and Drug Administration applies regulatory oversight
to a subgroup of mHealth apps regarded as medical devices or
that pose patient safety risks [8]. For low- and middle-income
countries (LMIC), there is a growing demand to develop and
apply assessment frameworks that meet contextual aspects
relevant to one’s specific country. While comprehensive, timely,
and effective national regulation is awaited, various mHealth
app quality assessment methodologies have been proposed for
use in the interim. Examples include the Enlight Suite [9], the
Mobile App Rating Scale [10], and the App Chronic Disease
Checklist (ACDC) [11].

A review of mHealth app quality assessment methodologies
indicated the scope for improvement of such methodologies to
enhance their comprehensiveness and relevance across
resource-diverse settings [12]. The review found that none of
the existing generic app assessment methodologies [9-11,13,14]
explicitly considered cultural appropriateness. Only two
methodologies addressed privacy and security of information
[9,13]. Similarly, readability was considered by only two
methodologies [11,13]. Only the ACDC [11] addressed the
availability of mHealth apps in offline mode. The ability of the
apps to facilitate behavior change was only addressed by three
methodologies [9-11]. In addition, most existing generic app
assessment methodologies only offered some form of face and
content validity based on expert opinions [9-11,13] with the
reliability of only 2 methodologies reported [9,10]. The construct

validity of all the app assessment methodologies was not
evaluated [12].

Although the Enlight Suite was adjudged as thorough and
comprehensive, it has limited international applicability because
it does not consider attributes that are relevant to the successful
uptake of mHealth apps in low-, middle-, and HICs, including
cultural appropriateness, readability, and access [12,15]. It is
important to consider cultural appropriateness when developing
content and designing user interfaces of apps for international
and country-specific audiences [16]. If the content or user
interface of an mHealth app is not culturally appropriate for a
particular audience, acceptability and uptake may be low [16].
Similarly, poor readability may affect the acceptability and
uptake of apps among prospective users [17,18]. Previous
research revealed that many mHealth apps were written at
excessively high reading grade levels, which may not be suitable
for users with low levels of literacy especially in LMIC [17-19].
In addition, access to the internet may affect mHealth use
especially in LMIC and among deprived communities of HICs
[20]. Although the mobile broadband penetration rate has
doubled in LMIC over the last decades [21], users continue to
experience challenges with the cost and speed of internet
services.

The purpose of this study is therefore to modify the Enlight
Suite [9] to be more considerate and effective for use
internationally. Additionally, this paper serves to provide an
initial reliability and validity assessment of the Modified Enlight
Suite (MES) in practice.

Methods

Verifying the Content Validity of the Modified Enlight
Suite
To formulate the MES and confirm content validity, a two-round
iterative Delphi process was undertaken. Delphi techniques are
widely used for this type of research with its validity for
questionnaire formulation and modification confirmed in past
literature [22,23].

Participant Characteristics and Recruitment
Previous research recommends having between 3 and 10
professionals to verify content validity [24]. Therefore, a total
of 7 digital health researchers with backgrounds in clinical
medicine (n=4), nursing (n=1), clinical psychology (n=1), and
information technology (n=1) were recruited in this phase of
the study. Of the participants, 3 were affiliated universities in
Ireland, 1 was affiliated to a university in Malawi, and 3 were
affiliated to universities in the United Kingdom. Although most
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of these experts currently reside in HICs, they have varied
hands-on clinical (n=2) or research (n=5) experience in LMIC.

Experts were identified based on the following inclusion criteria:
hold a professional title in the areas of technology, medicine,
health, or clinical psychology; have a minimum of 2 years
professional experience in their respective field; be willing to
engage in all Delphi phases of this study digitally; and have
suitable internet access.

Delphi Process
The panel of experts analyzed the questions in the pre-existing
Enlight Suite as well as those proposed by the facilitators (FW
and JOD). Version 1 (V1) of the MES contained 7 sections with
a total of 33 questions. Of these questions, the facilitators
proposed 5 questions based on considerations of a past review
of app assessment methodologies indicating potential
weaknesses in the Enlight Suite for international mHealth app
evaluation practices [12]. Each panelist was asked to examine
the suitability of questions within V1 of the MES for mHealth
app evaluation practices internationally, both individually and
collectively. Participants were asked to consider each of the
questions (and proposed questions) with respect to its
appropriateness and relevance across all resource-level settings
(ie, HICs and LMIC).

During round 1 of the Delphi process, both quantitative and
qualitative feedback were gathered. For quantitative evaluation
of the content validity, a 3-point scale was used (1=“exclude
question,” 2=“include question but modify,” and 3=“include
question as is”) to rate each question. Whenever a panelist
indicated that a question should be modified, qualitative
feedback was requested. Additionally, panelists were asked at
the end of each section of the MES if further adaptations to that
section were necessary.

Standard methods to determine consensus in Delphi studies are
not available [25]. However, for the purposes of this study,
consensus was measured via the percentage who agreed with
amendments after round 1 (≥4/7). Following round 1 of the
Delphi process, the facilitators (FW and JOD) discussed
suggested amendments and reflected on both qualitative and
quantitative feedback before formulating Version 2 (V2) of the
MES. Results were summarized and panelist feedback was
anonymized before round 2 of the Delphi process commenced.

In round 2, panelists were provided with V2 of the MES. During
this round, panelists were asked if they accepted or rejected the
changes that the facilitators made to V1 of the MES to create
V2. Additionally, panelists could review comments and
suggestions made by fellow participants, albeit anonymously.
The Delphi process would be terminated should the outcome
of a round yield “minor” or “out of scope” amendments only.
In this case, the facilitators would discuss the feedback and
make changes accordingly without another round occurring.

Verification of the Validity and Reliability of the
Modified Enlight Suite
To assess the reliability of the MES, the construct was
distributed in digitized form to participants who were asked to
use it to evaluate the Irish COVID-19 app, a popular freely
available mHealth app in Ireland [26]. The MES was tested in
Ireland to serve two purposes: (1) to avoid language acting as
a confounding variable falsely affecting reliability results and
(2) for convenience purposes to promptly identify reliability
issues prior to international testing.

The following were inclusion criteria to participate: be a health
care professional or health care student with a minimum of 2
years clinical exposure, own a smartphone device, and be
familiar with the Irish COVID-19 app.

Convenience sampling was used to recruit participants via
targeted social media platforms and through the university
emailing list. When validating a questionnaire, there are no
fixed rules for an ideal sample size [27]. Some have suggested
that a sample size of 50 is considered very poor, 200 as fair,
and >1000 being excellent [28]. Larger sample sizes are always
more reflective of the population; ergo, the investigators sought
as many participants as possible.

The reliability of the MES was assessed using SPSS version 28
software (IBM Corp). The Cronbach α for the overall Enlight
scale and each of the seven subscales (usability, visual design,
user engagement, content, therapeutic persuasiveness,
therapeutic alliance, and general subjective evaluation of the
app’s purpose) was calculated. A Cronbach α of .7 or above is
traditionally regarded as an indication of reliability [29]. The
construct validity was assessed using Amos version 26 (IBM
Corp) for confirmatory factor analysis. The model for the
confirmatory factor analysis was based on the seven pre-existing
categories listed above. A flowchart indicating each stage of
this research can be viewed in Figure 1.
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Figure 1. Flow Chart Indicating Each Phase of the Research Process. MES: Modified Enlight Suite.

Ethical Considerations
The Social Research Ethics Committee of University College
Cork Ireland granted ethical approval for this stage of the project
(SREC/SOM/19062020/1/25112020/). Prior to engagement,
participants were given an information leaflet with details of
the study and asked to sign a consent form. All data collected
during the study was kept secure on a password-encrypted
computer. This research was partly funded by an Irish Health
Research Board Scholarship (scholarship SS-2020-089).

Results

Developing the Finalized Version of the Modified
Enlight Suite

Round 1
Round 1 of the Delphi study was conducted in July 2020. During
this round, the facilitators proposed five questions to be included
in the MES. Of these questions, three served to improve the
relevance of the MES for quality assessment purposes
internationally. These questions were based on the following
topics: (1) culture appropriateness, (2) accessibility, and (3)
readability. The facilitators also proposed 2 questions that affect
a user’s ongoing use of an app. These questions were concerned
with the following topics: (1) errors and (2) timeliness.
Following round 1 of the Delphi process, consensus was reached
that each of these questions should be included within the final
version of the MES.

Furthermore, the panelists made 47 suggestions/comments.
These were categorized by the facilitators into “minor
amendments” (n=33), “significant amendments” (n=9), and
“other comments” (n=5). Following this round and discussion
by the facilitators, 26 of these amendments were accepted and
incorporated to create V2 of the MES. An extraction table with
categorized feedback from round 1 can be viewed in Multimedia
Appendix 1.

Round 2
V2 of the MES contained 7 sections with 32 questions. All
amendments made by the facilitators based on feedback from
round 1 were accepted by participants in round 2. During this
round, participants provided 25 additional
comments/amendments that were subcategorized into “minor”
(n=18) and “other” (n=7). Of these, 12 were incorporated into
the final version (ie, Version 3 [V3]) of the MES (Multimedia
Appendix 2). An extraction table with feedback from round 2
can be viewed in Multimedia Appendix 3.

This multi-round iterative process was terminated after round
2, as modifications in V2 of the MES were accepted by panelists.
Given the nature of feedback suggested by panelists during
round 2, the facilitators made additional minor amendments as
necessary. The comprehensibility of the original Enlight Suite
facilitated this short Delphi process. Given the interdisciplinary
nature of the professional panel, the Delphi process served to
confirm the content validity of the MES for international use.

Reliability of the MES
A total of 800 responses were gathered during this phase to
assess the reliability and construct validity of the MES. Of the
800 participants, 91% (n=728) fell within the 18 to 34 years of
age category. Health care professionals represented 20% (n=160)
of the participants, while the remaining 80% (n=640) were
health care students with a minimum of 2 years clinical work
experience. The majority (n=712, 89%) of participants identified
as being of White/Caucasian ethnicity. Less than half (n=376,
47%) of the responses were complete.

The reliability analysis showed satisfactory internal consistency
of the overall scale (Cronbach α=.93). Similarly, the subscales
demonstrated high reliability except for the user engagement
scale (Cronbach α=.65), which is slightly lower than the
traditionally regarded reliability level (Cronbach α=.7) [29].
Deletion of items under user engagement did not improve the
reliability of the subscale. The Cronbach α for the scale and the
subscales are presented in Table 1.
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Table 1. Reliability statistics.

Cronbach αItems, nSection

.827Usability

.773Visual design

.655User engagement

.805Content

.786Therapeutic persuasiveness

.733Therapeutic alliance

.763General subjective evaluation of the app’s purpose

.9332Overall scale

Construct Validity of the MES
The concept of fitness in confirmatory factor analysis refers to
the extent to which the empirical data (eg, our survey findings)
supports the construct validity of the theoretical model being
tested (which is the MES in our study) [30]. The chi-square

goodness-of-fit test (χ2
443=1045.9; P<.001; χ2 / df = 2.36)

indicates that our model fits modestly with the data [28].
Although a significant P value as in our study indicates a poor
fit, this is not unexpected due to our large sample size [30]. For
studies with large sample sizes, it is recommended to consider

the model as highly fit with data when the χ2 / df is less than 2
[30]. Although the value in our model is not less than 2, this is
still an acceptable value. Similarly, the comparative fit index

(0.89) and Tucker-Lewis index (0.87) show that our model
modestly fits with the data, as a value of at least 0.9 is required
for the model fit to be deemed acceptable [31]. However, the
root-mean-square error of approximation (0.041, 95% CI
0.038-0.043) indicates that our model is a close-fitting model,
as it is below the 0.05 cutoff point [32] and all factor loadings
are positive and statistically significant (Table 2). In other words,
the data from the survey provides support, albeit modestly, for
the validity of the constructs (ie, 32 items and 7 categories) of
the MES. It is worth noting that the first item in each category
does not include significance tests (SE, critical ratio, and P
value) because the unstandardized estimate for each first item
was fixed at 1 rather than estimated as part of the adopted
methodology, hence the empty cells in Table 2.

JMIR Form Res 2022 | vol. 6 | iss. 8 | e36912 | p. 5https://formative.jmir.org/2022/8/e36912
(page number not for citation purposes)

Woulfe et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Construct validity.

P valueCritical ratioSEUnstandardized estimatesStandardized estimateVariable

Usability

N/AN/AN/Aa10.779Navigation

<.0019.4420.0900.8500.446Access

<.00114.2560.0580.8270.653Understandability

<.00111.9560.0790.9410.557Errors

<.00114.6630.0670.9760.670Timeliness

<.00115.1350.0570.8640.689Learnability

<.00116.0480.0631.0140.728Ease of use

Design

N/AN/AN/A10.701Aesthetics

<.00114.2630.0791.1330.789Layout

<.00112.8880.0710.9140.689Size

Engagement

N/AN/AN/A10.655Content presentation

<.00110.5130.1211.2710.567Interactive

<.0018.7050.1080.9410.459Not irritating

<.0018.6290.1120.9660.455Targeted tailored personalized

<.00110.6270.0981.0370.574Captivating

Content

N/AN/AN/A10.642Evidence-based content

<.00111.5990.0961.1140.673Cultural appropriateness

<.00112.1280.0901.0950.715Quality of information provision

<.00110.6930.0880.9390.608Clarity about the app purpose

<.00111.9480.0901.0760.701Complete and concise

Therapeutic persuasiveness

N/AN/AN/A10.674Call to action

<.00110.7540.0981.0550.600Rewards

<.00111.3370.0850.9580.639Real data-driven adaptive content

<.00111.4530.0790.9030.645Therapeutic rationale and pathway

<.00111.1680.0870.9690.629Ongoing feedback

<.0018.7880.0880.7730.480Expectations and relevance

Therapeutic alliance

N/AN/AN/A10.710Acceptance and support

<.00111.4130.0740.8430.669Positive therapeutic expectations

<.00111.5020.0840.9720.676Relatability

General subjective evaluation

N/AN/AN/A10.702Appropriate features to meet the clinical aim

<.00112.0860.0831.0020.674Right mix of ability and motivation

<.00113.5000.0841.1380.766I like the app

aN/A: not applicable.
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Discussion

Principal Findings
The objectives of this study were to modify the Enlight Suite
and test the reliability and validity of the MES. The Delphi
process resulted in a comprehensive MES, which contains 32
questions over 7 sections including additional dimensions not
in the original Enlight Suite, including access, cultural
appropriateness, readability, errors, and timeliness.

The subsequent survey demonstrated an overall reliability of
the MES and its subscales. The confirmatory factor analysis
demonstrated a positive and significant factor loading for all
32 items in the MES with a modestly acceptable model fit that
is indicative of the construct validity of the MES.

Comparison With Prior Work
The inclusion of cultural appropriateness, readability, and access
criteria differentiates the MES from existing methodologies
[9-11,13,14], which either considered only one or none of these
important criteria. Questions on cultural appropriateness,
readability, and access acknowledge the multi-demographic
nature of the mHealth market [1]. For instance, there may be a
need to present the content of an mHealth app in a local
language to enhance its utility in a particular locality [1,33].
Similarly, the consideration of access in offline mode in the
MES recognizes that internet access may not be continuous for
many users [34]. These newly introduced dimensions (access,
cultural appropriateness, and readability) have been identified
by previous studies as important aspects of apps that ought to
be considered for successful uptake across both HICs and LMIC
[12,15]. Thus, the introduction of these dimensions has improved
the applicability of the MES internationally.

The overall reliability of the MES was quite high in our study
as well as the reliability of the subscales except for the user
engagement subscale. However, the original Enlight Suite
demonstrated adequate reliability across all domains including
user engagement [9]. Interestingly, the major modifications to
the Enlight Suite in this study were not in the user engagement
category. The difference in the reliability results could be
attributed to the variation in the approach used by the two
studies. While the reliability of the original Enlight Suite was
based on ratings by 2 trained researchers [9], the reliability
testing in our study was based on the ratings by 800 health care
professionals and students who would be the end users of the
MES. Thus, the original Enlight Suite [9] was validated to be
used with prior training, while the MES is validated to be used
by any health care professional.

The demonstration of construct validity in this study with a
modestly acceptable model fit supports the position of the
authors of the original tool who regarded it as a suite consisting
of multiple scales rather than a single scale whose result could
be aggregated [9]. These results should be interpreted with
caution due to the possible impact of the missing data in our
study on the model fit. Due to missing data, we were only able
to use the maximum likelihood estimation approach, which
assumes that the variables are normally distributed [35].

Strength and Limitations
This paper builds upon a rapid review that identified
shortcomings of mHealth app quality assessment methodologies
[12]. The MES was developed with input by international
experts in mHealth. Given their diverse background and
expertise, the content of this tool could be considered applicable
internationally. To the best of our knowledge, the MES is the
first mHealth app quality assessment methodology that considers
factors known to affect the fundamental usability of mHealth
technologies in LMIC.

The reliability and validity assessment of the MES in this study
was undertaken in Ireland, an HIC. Of the participants who
engaged in the survey, 89% (712/800) identified as either White
or Caucasian. This highlights a need for similar studies to test
the reliability and validity of the MES in LMIC. For the MES
to be reliably effective for all, participants from more diverse
backgrounds and ethnicities are needed in the future to
extrapolate these findings. The modest construct validity of the
MES is also a limitation, and improved modeling could possibly
be achieved with less missing data.

Future Work
While this study demonstrates the content validity via an
international panel of mHealth stakeholders, health care
professionals with no technological background may have been
underrepresented in the Delphi process. This is currently being
investigated with focus groups in Malawi and South Africa.
Additional modifications may be made to V3 of the MES based
on feedback from these focus groups. The reliability of the
updated Enlight Suite will then be assessed with participants
recruited internationally.

The original Enlight Suite provided a comprehensive quality
and therapeutic potential tool for both mobile and web-based
eHealth interventions. While the focus of this study was to adapt
the suite to improve its international relevance for mHealth app
evaluation, future works could expand on its web-based
potential. This study introduced additional dimensions (access,
cultural appropriateness, and readability) that are relevant to
international applicability of the Enlight Suite. Future works
could look into developing a framework for the international
applicability of scales.

Conclusion
The need for quality assessment in mHealth is clear. This study
is a key primary step in improving the scope, content, and
relevance of mHealth quality assessment methodologies across
diverse settings. It is of the authors opinion that the MES is the
first quality assessment methodology to also consider factors
known to hinder the uptake and continued use of mHealth apps
in resource-poor settings. Furthermore, the authors believe that
this research improves the validity of the construct while taking
measures to enhance its fundamental usability. There is scope
that the MES may be adopted by health care professionals
internationally to assess the quality and suitability of mHealth
apps available to their patients before recommending them. This
would help ensure patient safety.
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