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Abstract

Background: Torealizethe potential for mobilelearningin clinical skillsacquisition, medical studentsand their teachers should
be able to evaluate the value of an app to support student learning of clinical skills. To our knowledge, thereis currently no rubric
for evaluation of quality or value that is specific for apps to support medical student learning. Such arubric might assist students
to be more confident in using apps to support their learning.

Objective: The abjective of this study was to develop an instrument that can be used by health professional educators to rate
the value of a mobile app to support health professional student learning.

Methods: Using the literature, we developed alist of potential criteriafor the evaluation of educational app value, which were
then refined with a student group using amodified nominal group technique. The refined list was organized into themes, and the
initial rubric, Mobile App Rubric for Learning (MARuUL, version 1), was developed. iOS and Android app stores were searched
for clinical skills apps that met our inclusion criteria. After the 2 reviewers were trained and the item descriptions were refined
(version 2), a random sample of 10 included apps, 5 for each mobile operating system, was reviewed. Interitem and interrater
analyses and discussions with the reviewers resulted in refinement of MARUL to version 3. The reviewers completed a review
of 41 clinical skillsmobile apps, and asecond round of interitem and interrater reliability testing was performed, leading to version
4 of the MARuUL.

Results: Studentsidentified 28 items (from an initial set of 144 possibleitems) during the nominal group phase, and these were
then grouped into 4 themes: teaching and learning, user centered, professional, and usability. Testing and refinement with reviewers
reduced the list to 26 items. Internal consistency for MARUL was excellent (0=.96), and the interrater reliability as measured by
the intraclass correlation coefficient (ICC) was good (ICC=0.66).

Conclusions: MARuL offersafast and user-friendly method for teachers to select valuable apps to enhance student learning.

(IMIR Mhealth Uhealth 2020;8(7):€18015) doi: 10.2196/18015
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Introduction

Background

Smartphones and tablets have made mobile learning an
important component of education, enabling learning anywhere,
at any time, using mobile apps [1]. Most education apps have
specific functions or aims, such as providing resources for
reference while learning or in practice, learning activities and
games, or organizing activitiesrelated to learning. Apps can be
found by keyword search in the app stores (eg, Google Play
Store, iOS App Store), through recommendations, or within
app store—determined categories[2].

In medical education, the use of appsfor reference and learning
on the go (just in time) for ongoing professional devel opment
is widespread [1,3]. However, previous work suggests that
medical students may still prefer textbooks and lectures as a
learning resource[4,5] and predominantly use appsfor reference
and revision [1,3,4,6]. Although the determinants of preference
for textbooks have not been explored, there may be barriers to
finding apps that are both relevant and valuable for student
learning [5]. Within app stores, star ratings and reviews are the
main indicators of app quality or value; however, these can be
subjective and only relevant if the reviewer has needs and
expectations similar to the potentia app user [7,8]. Furthermore,
asearch of medical appsreveasavery large number of potential
apps to choose from and many that have not received enough
reviews to get a rating. Owing to the number of options to
choose from, and the lack of good quality guidance to inform
their choices, students may not be accessing and using appsthat
could support their learning. Providing a standard way of
evaluating apps for medical education may improve students
ability to find or identify apps to support their learning.

Evaluating Apps

To avoid the app overload caused by the increasing number of
apps in the app stores, potential app users are recommended to
use the literature to identify valuable apps [2,9,10]. There is
evolving literature aiming to identify appsfor health conditions;
to support self-management, education, or behavior change
[11,12]; and to evaluate app quality [10,13]. To date, similar
literature in education has focused on apps for use by teachers
working with students with learning disabilities [14] or
preschool student learning [15]. In addition to providing curated
lists of apps, this literature often evaluates app quality with
instruments that include some generic aspects of proposed
quality; for example, acomponent to evaluate the suitability of
design and aesthetics. However, these rubrics also have
components or domains specific to the type or main function
of an app. For instance, the evaluation rubric for heath care
smartphone apps by Jin and Kim [11] emphasizes the input of
medical experts and the developers citing of authoritative
sources. In comparison, the rubric by Lee and Kim [12] for
evaluating educational apps emphasizes the teaching and
learning component of an app. When developing a rubric to
evaluate apps, a balance between general and specific criteria
is needed to ensure that the rubric is both reliable and objective
[10]. To our knowledge, there is currently no rubric for
evaluation of quality or valuethat is specific for appsto support
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medical student learning. Such arubric might assist studentsto
be more confident in using apps to support their learning.

App Evaluation Rubrics

Most multidimensional app evaluation rubrics include both
user-centered features (eg, engagement) and technol ogy-centered
features (eg, functionality) [10]. Although the model for
education app evaluation by Lee and Kim [12] emphasizes
teaching and learning, it also recognized the need for a
technologically stable app, with “quick interactions (fast loading
times) and error-free stability” [12]. It was concluded that factors
must be considered together because they are interdependent
in nature rather than independent. Stoyanov et al [10] also
emphasized the importance of considering multiple features of
an app to increase the objectivity and reliability of an app
evauation scale.

An additional factor that is relevant for health-related mobile
apps is the credibility of the app content. Having apps with
evidence-based approaches to health should minimize the risk
of harm and promote safe application of knowledge by app users
[16-18]. In the medical education setting, for example, when
learning clinical skills, it is critical to learn skills that are
relevant and accuratein thelocal health care environment. Apps
that focus on clinical skills—that is, apps supporting learning
of history taking, examination, communication, or
procedures—provide opportunities for just-in-time learning in
clinical settingswheretextbooks are not available, making apps
supporting acquisition of clinical skillsagood test case for the
development of an app evaluation rubric.

Purpose and Research Question

To redlize the potential for mobile learning in clinical skills
acquisition, medical students and their teachers should be able
to evaluate the value of an app for supporting the learning of
clinical skills. Our aim wasto develop arubric that can be used
by staff to evaluate the value of apps for learning the clinical
skills of history taking, examination, communication, or
procedures so that recommendations can be made to students.
Theinitial research question wasasfollows: “What key domains
of value need to be included in areliable measure that teachers
can use to rate mobile apps for just-in-time learning?’

Methods

Overview

The development of evaluative rubrics for apps uses some or
all of the following steps. A literature search is completed to
identify previous literature with quality evaluation criteria,
followed by a discussion among topic expertsto group criteria
and develop scale items [10]. A survey or focus group is
conducted to gain expert opinion on the relevance of items
generated from the literature search [12]. Users and experts
evaluate apps with the draft rubric to test its reliability and
validity [11,12], with items in the rubric refined accordingly.
Many rubrics are structured using overarching factors with
relevant subtermsto clarify and give examples[10,11,19].

We undertook a literature review to identify potential rubric
items, which were evaluated by a group of medical students
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using a modified nominal group technique. The performance and iTunes app stores. The rubric was then refined through
of the preliminary rubric was then evaluated by clinical and expert feedback and statistical analysis using the classical test
education experts for use with clinical skills apps, which were theory (Figure 1).

identified using acomprehensive search strategy in Google Play

Figure 1. Process for developing the Mobile App Rubric for Learning. MARUL: Mobile App Rubric for Learning.

Literature review to develop list of potential evaluation criterion

Refinement of list to 36 items to be used in nominal group technique

Final list of items organized into thematic categories

Development of MARuL
version 1

i05 and Android app search for
apps that meet inclusion/exclusion
criteria

Training of reviewers using single excluded app

Refinement to MARuL
version 2

See Figure 2 for details

Review of 25108 App store and 21 Google Play Store apps

<

Interitem and inter-rater
reliability testing

M| Refinement to MARuL
) version 4

Definitions

driven by the learner, when and wherethey requireit [21]. With
thisdefinition, thelearner anticipates|earning and performance

We defined value as referring to an object that is perceived to  requirements rather than responding to them [21]. Just-in-time
have utility in meeting short- or long-term goals [20].  |earning occurstemporally closeto aclinical learning encounter,
Just-in-time learning is defined as a method of learning that is  for example, with a mobile device [22,23]. Clinical skills apps
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arethosethat include opportunitiesto learn and improve history
taking, examination, communication, or procedures [24]. A
rubric is a scoring method that uses evaluative criteria with
quality definitions and a clear scoring strategy to determine the
quality of the global concept being scored [25].

Development of Potential Rubric Items

A literature review was undertaken to identify criteriapreviously
used to evaluate the quality of mobile apps for education. An
expert librarian conducted a literature search on Scopus,
MEDLINE, and Google Scholar (between August 14 and 21,
2018) using search termsrel ated to the eval uation of educational
mobile apps using evidence-based methods (Textboxes 1-4).
After duplicates were removed, the records were exported into

Textbox 1. Device related literature search terms.

Gladman et al

Rayyan QCRI (Qatar Computing Research Institute), a
cloud-based method for completing systematic reviews of the
literature[26], and 4 educational experts(TG, SR, SG, and RG)
independently reviewed the titles and abstracts of the records
to identify articles that potentially met the inclusion criteria.
The inclusion criteria used were as follows: clear descriptions
of the concepts, list, or rubric for the evaluation of app quality;
reliability or validity testing of the method of evaluation; and
the evaluation was for educational mobile apps, which we
defined as apps whose primary purpose was to support the
education of any population. Articles were excluded if they
were literature reviews or they described a framework for
evaluation without describing a specific measure. Articleswere
included if 3 or more reviewers agreed on their relevance.

e ap

e Smart*
«  phone*
o celular

«  smartphone
«  smart phone
. mobile

o tablet

Textbox 2. Action related literature search terms.

o evauat*
e assesst

e  apprais*
e Mmeasure*
o validat*

o test*

. determine*

. measur*

Textbox 3. Measure related literature search terms.

« criteria
o  checklist*
e rubric*

.  framework*
o Qudity
o useful*
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Textbox 4. Teaching and learning related literature search terms.
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o  educat*
e learn*

o teach*

o student*

o education*
. learning*

o educate

The full texts of al identified relevant articles were reviewed
in detail by a reviewer (GT), and the concepts or terms that
measure or assess app quality were extracted along with
definitions. The extracted terms and definitions were then
grouped and organized by GT, a medical student representing
the end user for therubric, and TG, an academic with expertise
in electronic learning (e-learning) and educational psychology.
Overarching concepts (called categories) were identified and
related terms were grouped together within the concepts. For
instance, use without an internet connection was grouped with
platform, syncing, updates, and compatibility under the concept
of technical specifications. Similar terms were merged.

Nominal Group Technique

A convenience sample of 10 medical students, recruited using
targeted invitations, participated in anominal group held at the
University of Otago Wellington, School of Medicine, on
December 6, 2018. Ethical approval was obtained from the
Otago Human Ethics Committee, reference number D18/337,
and written consent was obtained from the students.

In the nominal group technique, group interaction isfacilitated
by the leader and verbal interaction isrestricted to adiscussion
between theleader and partici pants with no discussion between
participants[27]. Thetechniqueis particularly useful in ensuring
that all members of a group are heard. This makes it an idea
method in a group where there are varied levels of experience
with the topic under discussion. Ranking of ideas occurs using
votes or a Likert-type scale [27]. A voting system with a
predetermined maximum of 3 rounds of voting was used after
theinitial ranking of terms. Limited voting was chosen to reduce
the possibility of participant fatigue [28].

Studentswere asked to review therefined list of terms/concepts
for app evaluation (with definitions) and indicate their top 20
terms on a ranking sheet without discussion. They were also
asked to add any important missing terms or concepts. Each
student then in turn stated a term on their list not previously
offered by a student, which was recorded by the leader. This
continued until all terms from each student’s top 20 had been
recorded.

https://mhealth.jmir.org/2020/7/€18015

Students were then given an opportunity for discussion before
the first round of voting. Students voted on item inclusion in
thefinal list using the optionskeep, unsure, and discard. Overall,
7 or more votes for the same option were considered amajority.
Items that did not receive a majority vote were recorded and
discussed before the next voting round. In the second round,
students were encouraged to vote keep or discard but still had
the option of unsure. In the second and third rounds, having 6
or more votes was considered a magjority. In the third round,
only options keep and discard were allowed. Results from each
round were recorded by a group facilitator, whereas the leader
facilitated group discussions and answered questions.

Development of Rubric

Theterms chosen by the nominal group made up the preliminary
rubric, which we named Mobile App Rubric for Learning
(MARuUL). Two authors (TG and GT) grouped the terms into
themes separately, and then came together to discuss fina
category names and grouping of terms, with subterms used to
develop descriptors for the scale.

App Search

The search of theiOS and Google Play storesfor clinical skills
apps was undertaken from January 15 to February 1, 2019. The
search was conducted based on the Preferred Reporting Items
for Systematic Reviews and Meta-analyses guidelines for
systematic reviews, with search terms confirmed by discussion
(GT, TG, and RG) after preliminary searches (Textbox 5)
[29,30]. The inclusion criteria were as follows. available in
English; includes at least one of the keywords in the title or
description; includes an interactive element requiring someform
of user input; target audience includes medical students; and
support for iOS 10 or later/Android version 7 or later. The
exclusion criteriawere as follows: priced over NZ $10.00 (US
$6.30) for a one-off price or monthly subscription (based on
expected student willingness to pay); reference-only apps
(passive with no student input); designed for staff-only usein
formative or summative assessment contexts, were a
complement to other software (not standalone; requires a
log-in/sign up).
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Textbox 5. App search terms.
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o clinical skills

« OSCE

«  Objective structured clinical examination
. medicd history taking
« clinical history taking

o  patient history

o medical examination

«  physical examination

o clinical examination

« clinical exam

« physical exam

o medical exam

«  planning and explaining

.  patient education

A datascreening and extraction spreadsheet was devel oped and
refined by 2 authors (GT and TG) using Airtable [31]. The app
search of the iOS and Google Play Store was conducted
independently by 2 authors (GT and TG). Apps were screened
based on their title and the description in the app store. App
name, developer, operating system, reviewer, and inclusion
decision were recorded for al screened apps. For the excluded
apps, the first identified exclusion criterion was recorded. GT
and TG then reviewed al the apps with discrepant decisions
and reached a consensus through discussion.

Testing and Refinement of the Rubric

To initially test the reliability of the MARUL, we developed a
protocol based on previousresearch[10,30] and trialed thiswith
arandomly chosen subset of 10 appsincluded from the search.
The 10 randomly selected apps, 5 Android apps and 5i0S apps,
were downloaded between May 20 and 22, 2019. The iPhones
used wereiPhone 6 and 6 plusrunning iOS 12.3.1. The Android
phones were Samsung Galaxy J1Ace running Android 5.1.1.
Following theinitial testing, we refined the rubric and compl eted
reliability testing with the remaining included apps identified
inour search of the app stores. Trialing of the rubric with clinical
skills apps was completed independently by 2 authors: (1) a
hospital-based junior doctor (3 years postgraduate) training in
internal medicine (JM) and (2) the e-learning facilitator for the
clinical yearsat adifferent campus of our medical school (SG).
The first reviewer was able to review the apps from the point
of view of anear-peer teacher of medical students, whereasthe
second reviewer reviewed from the point of view of alearning
expert with over 10 years of experience in medical education.

For training, the reviewers first used the MARUL to evaluate a
previously excluded app, Clinical Skillsby George SimoniOS.
The app was excluded because of alack of interactive elements.
The 2 reviewers each downl oaded the app on an iPhone running
iOS 12.2, tested the app features for 10 min and then
independently evaluated the app using the MARUL. Following
their review, they met with TG viavideoconferencing to discuss

https://mhealth.jmir.org/2020/7/€18015

their scoring of the app and ensure their understanding of the
rubric items and process.

Once the reviewers (IM and SG) had a clear understanding of
the items and process for reviewing the apps, they each
downloaded the same 5 randomly selected appsfor both mobile
operating systems. They independently spent a minimum of 10
min using each app before eval uating the app with the MARuUL .
MARuUL ratings for each app and time taken to complete
MARUL rating were collected using Qualtrics (Qudltrics, Provo,
UT) [32,], downloaded to an Excel spreadsheet, and analyzed
using RStudio and appropriate packages [33-36].

Internal consistency and interrater reliability were calculated,
and then a discussion was held viavideoconferencing to review
discrepancies in scoring on the rubric and identify any
refinements required to the items of the MARUL . The MARuUL
was then revised to rewrite some of the descriptors and remove
an item that was considered redundant by the reviewers. The
remaining apps were then independently trialed and evaluated
using the revised MARuUL.

We calculated theinternal consistency of the categories and the
overal value measure using Cronbach apha. Cronbach alpha
measures how interrelated a set of items in a scale are, with
scores ranging from O to 1, and higher scores indicating a
stronger interitem relationship [37]. Interrater reliability of the
categories and overall value measure was calculated using the
intraclass correlation coefficient (ICC). The |CC measures how
much of the difference between sets of scores is because of
measurement error, and it rangesfrom Oto 1, with higher scores
indicating stronger interrater reliability [38].

Results

Rubric Items

Theliterature search yielded 193 unique articles. After reviewing
the titles and abstracts, 134 articles were eliminated.
Furthermore, 8 articleswere removed following full-text review.
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From the remaining 51 articles, 144 quality criteria were
extracted, including main and descriptive subterms, 69 of which
were main terms. After the consensus discussion and deletion
of overlapping items and organization, alist of 36 main terms
from 46 articlesremained. (Multimedia Appendix 1 hasthefull
list of terms and references).

Nominal Group

The nominal group had 10 students (6 female and 4 male) who
had completed 2 years (n=2), 3 years (n=1), or 4 years (n=7) of
medical school. Among them, 6 students identified as New
Zealand European/Pakeha, 3 as Maori, and 1 as Sri Lankan.

https://mhealth.jmir.org/2020/7/€18015
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The nominal group ranking produced alist of 35 of the 36 terms;
the only term excluded from voting was “ product description.”
Following the first vote, 18 items were kept and 17 were to be
voted on again. The second vote on the 17 terms resulted in 10
being kept, 3 discarded, and 4 to be voted on again. After the
third vote, 1 term wasdiscarded and 3 received an equal number
of keep and discard votes. These terms were “sharing,”
“motivation,” and “self-directedness.” The final list of terms
voted on by medical studentsincluded 28 items. Table 1 shows
the initial set of items and the outcome of the initial ranking
and 3 voting rounds.
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Table 1. Outcome of nominal group votes.

Term Initial ranking First round of vote Second round of voting Third round of voting
Satisfaction Yes Keep _a —

Ease of use Yes Keep — —

Perceived usefulness Yes Keep — —

Information quality Yes Keep — —

Functionality Yes Keep — —

Engagement Yes Keep — —

Inline with professiona standards Yes Keep — —

Relevance to course Yes Keep — —

Credibility of developers Yes Keep — —

Privacy of information Yes No decision Discard —

Cost Yes Keep — —

Advantage of using app Yes Keep — —

Efficiency Yes Keep — —

Instructional features Yes No decision Keep —

Capacity to generate learning Yes Keep — —

Aesthetics Yes No decision Keep —

Quantity of information Yes No decision Keep —

User ratings Yes No decision Discard —

Intention to reuse Yes Keep — —

Technical specifications Yes Keep — —

Feedback Yes No decision Keep —

Pedagogy Yes Keep — —

Perceived enjoyment Yes No decision No decision Discard

Perceived importance Yes No decision Keep —

Subjective quality Yes No decision Keep —

Sharing Yes No decision No decision No decision-Discard
Motivation Yes No decision No decision No decision-Discard
Transparent Yes No decision Keep —

User experience Yes Keep — —

Purpose Yes No decision Keep —

Self-directedness Yes No decision No decision No decision-Discard
Playfulness Yes No decision Discard —

Lack of ads Yes Keep — —

Differentiation Yes No decision Keep —

User interactivity Yes No decision Keep —

Product description No — — —

#The decision taken at each round of voting is shown. The voting round where a Keep or Discard decision is made ends the decision making for that
item.

. appeared to measure. The categoriesformed were user-centered
Development of Rubric measures (n=7), teaching and learning measures (n=9),
The 28 items on the list determined by the student nominal  professional measures (n=4), and usability measures (n=8).
group were grouped by 2 authors (GT and TG) into 4 themes

based on their similar definitions and the aspects of value they
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Each category consists of a set of items that are described by
posing questions for the user to consider. The questions were
developed using definitions for the terms (written by GT) and
the authors' perspective on what was most important with regard
to that measure. After consulting the literature, a 5-point
Likert-type scale was chosen as the rating tool (O=does not
fulfill the item requirements, 1=poorly fulfills requirements,
2=somewhat fulfills requirements, 3=mostly fulfills
requirements, and 4=fully meets requirements) with the
descriptors for each point on the scale written to answer the
item questions. The rubric scal e descriptors were devel oped by
2 authors (TG and GT) with reference to the literature. Some
items were adapted from other rating scales such asthe Mobile
App Rating Scae (MARS) [10], and these are clearly
acknowledged on the final rubric (Multimedia Appendix 2).
Scores for each item on the initial rubric are added to give a
total score out of 112. Scores are used to classify apps asnot at
all valuable (<50), potentially valuable (51-69), and probably
valuable (>69).

App Search

A total of 1291 i10S apps and 4190 Android appswere screened
by title and description in the Apple and Google Play Stores,
respectively. IniOS, 81 apps from 14 search terms (Textbox 5)
were identified before removal of duplicates. After removal of
duplicates, 35 unique apps were included for evaluation. For
Android apps, the search terms identified 106 apps, of which
29 were unique. Apps found by only 1 researcher were not
included because of concerns about the consistency of access
to the app using typical search criteria. This gave atotal of 64
apps with which to test the MARUL rubric.

Reliability Analysis

Initial testing and review of the rubric using the 10 selected
apps occurred between June 18 and 22, 2019. One of the
Android apps was unable to be tested by one of the reviewers

as it did not run after installation on the device provided for
testing and was excluded from further analysis.

Cronbach alphafor the overall value was excellent (a=.95), and
for each of the categories was acceptable to excellent
(0=.78-.96). The ICC for overall value was good (1CC=0.81)

and moderate to goodfor each of the categories
(1CC=0.71-0.85). Pearson correlations showed
moderate-to-strong correlations between the categories

(r=0.49-0.91; Table 2). Through analysis and discussion with
thereviewers, afurther refinement of the descriptors of 5 of the

https://mhealth.jmir.org/2020/7/€18015
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items was completed and 1 item (transparency) was removed
from the professional category. In addition, 2 further items (cost
and advertisements) in the usability category were considered
for remova because of poor statistical performance, but the
reviewers felt they should remain as they were likely to be of
more immediate concern both to students and to those
individuals considering the value of apps for learning. Figure
2 showsthe process of development of the MARUL rubric from
theinitial rubric to the final version.

Version 3 of the MARUL rubric, tested with the remaining 54
apps, consisted of 27 items across 4 categories. user-centered
measures (n=7), teaching and learning measures (n=9),
professional measures (n=3), and usability measures (n=8). The
54 remaining apps were downloaded and tested between July
29 and October 8, 2019. Of the 54 apps for which testing was
attempted, only 46 (25 iOS and 21 Android) could be tested
completely for review. As the search took place, 7 apps were
removed from their respective app storesand 1 app had updated
to require sign up, one of the exclusion criteria, to be used.
However, as 41 apps was the minimum sample size needed to
determine interrater reliability with 90% assurance, analysis
was continued [37].

Themean timeto completethe MARUL rubric for each app was
8 min (SD 0.69). The 2 reviewers showed completion times
ranging from 1 to 25 min (JM) and 1 to 33 min (SG). The
median review time for each reviewer was 6.6 min (JM) and
4.1 min (SG). The discussion with the 2 reviewers indicated
that in a small number of cases, there were challenges in
evaluating the app, including difficulties with installation or
using the app, which accounted for the longer evaluation times.

Cronbach aphafor the overall value was excellent at .96. The
categories showed good-to-excellent internal consistency
(a=.70-.96). Pearson correlations between the categories were
moderate to strong (r range 0.58-0.90). Interrater reliability was
alsofair to good, with an overal value ICC (2-way) of 0.66 and
categories with |CC ranging from 0.45 to 0.75.

From the internal consistency results, it was determined that
the item for cost was performing in the reverse of its expected
direction and did not add useful information to the usability
category. It was removed from the rubric, leaving the usability
category with 7 items, and the analyses were rerun. With cost
removed, the alpha for the usability category improved from
.70 10 .82 (see Table 3 for full details of all categories).
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Table 2. Reliability statisticsfor the initial version of the Mobile App Rubric for Learning after review of 10 apps.

Rubric categories Intracl ass correlation coefficient scoré®  Cronbacha®  Pearson r°

Teachingandlearning User centered Professional  Usability

Teachingandlearning 0.85 .89 1.00 0.91 0.83 0.72
User centered 0.78 .96 N/AY 1.00 0.72 0.71
Professional 0.71 .87 N/A N/A 1.00 0.49
Usability 0.71 .78 N/A N/A N/A 1.00

8Column 1 presents the interrater reliability scores for each category.

bColumn 2 presents the interitem consistency for each category.

“Columns 3 to 6 present the correlations between categories presented in the top right half of the table only.
dN/A: not applicable.

Figure 2. Rubric development process. MARUL: Mobile App Rubric for Learning.

Teaching User
and Professional Usability
. centered
learning

MARuL 4
version 2 items items
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Table 3. Item statistics by category for final version of the Mobile App Rubric for Learning.

Category and item Cronbach o Values, mean (SD)
Teaching and learning 91 12.82 (6.93)
Purpose 75 2.33(1.35)
Pedagogy .83 1.97 (1.27)
Generates learning .90 1.61 (1.05)
Quantity of information .85 1.80(1.39)
Relevance to study .88 1.90 (1.04)
Instructional features .76 1.15(1.21)
User interactivity 57 1.29 (0.95)
Feedback 40 0.76 (0.88)
Efficiency 93 1.42 (1.16)
User centered .96 10.89 (7.17)
Subjective quality 93 1.24(1.13)
Satisfaction 95 1.51 (1.23)
Perceived usefulness .92 1.65 (1.15)
Perceived importance .90 1.47 (1.03)
User Experience 81 2.18(1.00)
Intention to reuse .94 1.33(1.22)
Engagement 91 152 (1.12)
Professional 74 5.94 (3.40)
In line with standards .79 2.46 (1.02)
Credibility .82 2.94 (1.60)
Information quality .83 1.43 (1.54)
Usability 82 16.47 (4.49)
Aesthetics 83 2.47 (0.93)
Functionality .70 3.01(0.94)
Differentiation .76 1.40 (0.87)
Ease of use .70 2.92 (0.80)
Advertisements .36 3.73(0.86)
Technical specifications .61 1.23(0.99)
Advantage of app 87 1.71(1.07)

Thefinal version of the MARUL rubric (version 4) is provided
in Multimedia Appendix 2.

Discussion

Principal Findings

Therigorous development of the MARUL has provided arobust
and reliable instrument that can be used by medical students
and their teachers to evaluate the value of apps to support
just-in-time medical student learning. Potentia rubric items
were identified from a literature search; and medical students,
the end users, identified relevant items viaa structured nominal
group technique. The preliminary instrument was refined,
directed by anaysis of internal consistency and interrater
reliability, and the final MARUL instrument showed acceptable

https://mhealth.jmir.org/2020/7/€18015

reliability and usability. Although rubrics for the evaluation of
education and health apps are common, they tend to be generic
[11,12]. We have devel oped a specific instrument for evaluating
the value of medical education apps for learning.

Wetook amultidimensional approach to developingthe MARuUL
in line with guidance from the literature to date[10,12]. Where
appropriate, we adapted items, with acknowledgment, from
extant instruments like the MARS. The MARS is a
literature-informed, rigorously developed instrument that is
widely used in the evaluation of health apps [10]. Our rubric
measures the overall value of an app and represents the overall
and category scores. This allows evaluation of how the app
performsin different domains of value. To our knowledge, the
use of multipleitemsto assess professional measuresis unique
to this rubric; medicine emphasizestheimportance of acredible
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and reliable source of information when informing student
learning or patient education. The other 3 categories—teaching
and learning, user centered, and usability—are common among
evaluative measures[11,12]. These wereincluded in the rubric
because students agreed that they address aspects of apps that
contribute to valuable student learning. During testing for the
internal consistency of each category of the MARuUL, cost was
observed to be negatively related to the other items in the
usability category. That is, appswith ahigh cost received alow
score for the item, as students were less likely to pay for more
expensive apps, but a high cost was related to high scores for
other usability items. Cost remains an important consideration
when choosing an app for student learning, as a lower cost is
desirable, for individual students or institutional purchase, but
a balance must be maintained between cost and other aspects
of usability. Therefore, cost iscaptured in the basic information
about each app (Multimedia Appendix 2), which is also the
approach taken in the MARS [10].

The strength of thisdesign isour focus on the end users, medical
students, as the main source of input in the devel opment of this
rubric. This contrasts with most measures that rely on experts
in education and technology to develop rubrics for evaluating
apps [10,19]. Although special expertise is important when
developing an accurate and reliable rubric, we believe the user
voice is as important, if not more so, to ensure that the rubric
is fit for purpose. Using a modified nominal group technique
and student participants, we were able to confirm that the current
literature surrounding eval uation of apps corresponded to student
ideas about what made apps valuable to them in their learning.
It also gives the user ownership of the means to evaluate the
value of the technology they will be accessing.

Just-in-time learning is a common practice used by medical
students in both the clinical environment and study situations
[39]. Just-in-time learning especialy relates to clinical skills,
as medical students are constantly refining their history taking
and physical examination skillswith peers, in simulated clinical
encounters, and with real patients. At an average of 8 min to
complete after trialing an app, the MARUL rubric iseasy to use
and provides afast evaluation of apps for learning.

Limitations

Although care wastaken in the devel opment and implementation
of this project, there were some potentia limitations. One
researcher (GT) reviewed thefinal set of articles generated from
the literature search to develop the list of potential evaluation
criteria. As many articles were included, this was a large task,

Gladman et al

and it ispossiblethat potential evaluation termswere overlooked
and not extracted. Having two researchers consult the literature
would have minimized this possibility; however, the number
of terms extracted and their overlap, plus the nominal group’s
lack of additions during the initial ranking of terms, gives us
confidence that the eval uation terms extracted from the literature
search was comprehensive.

The recruitment of students to the nominal group was by
convenience sampling. Research team members asked students
to participate in the group. Every effort was made to recruit a
variety of students, but the timing of the nominal group in the
summer holidays limited the number of students available to
take part. A related potential limitation is that students in the
nominal group may not have felt confident in rejecting many
of the criteria found during the literature review because of
concerns around power and hierarchy. However, this was
mitigated by having a medical student researcher facilitate the
nominal group with another research team member, with no
direct effect on student assessment, acting in a support role.

Finally, there are potential limitations because of the smaller
than anticipated number of apps reviewed to complete the
reliability testing. However, athough eight apps identified in
the original search wereno longer available at thetime of rubric
testing, the total number reviewed was still acceptable for
reliability analysis.

Next Steps

Our next steps for this research include further refinement of
therubric and construct validity testing to comparethe MARuL
with measures that evaluate headth-related apps and
education-oriented appsto measure convergent and discriminant
validity. We have also adapted the language to create a student
version of therubric and planto useit to look at the relationship
between student eval uation of app value and teacher evaluation
of app value. Finally, we believe that with minor changesto the
language of some of theitems, the rubric can be used with other
types of health professional learning apps, for example, apps
that focus on student learning of orthopedic skills.

Conclusions

The MARUL isaquick and user-friendly method that teachers
can useto evaluate the val ue of an app for just-in-timelearning.
Through the inclusion of both experts and student stakeholders
in the development process, it should be a robust method for
teachers to use when deciding whether to download an app to
recommend to students for just-in-time clinical skills learning.
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