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The evaluation of medical education apps is paramount for ensuring their effective implementation, 
particularly in the post-COVID-19 landscape. The study aims to evaluate medical education mobile 
apps using two current and validated evaluation tools. It also explores how effectively these tools 
measure the mobile app’s impact on the medical education outcomes. Following the screening of 409 
records using the PRISMA method, 30 mobile apps in the field of medical education were evaluated 
employing the MARS (Mobile Application Rating Scale) and MARuL (Mobile App Rubric for Learning) 
assessment tools. A majority of mobile apps received acceptable scores: 20 mobile apps (67%) met the 
MARS threshold (> 0.3), and 22 mobile apps (73%) met the MARuL threshold (> 51). Findings indicate 
that while MARS and MARuL provide useful evaluations, both inadequately address pedagogical 
aspects within the TPACK model; MARS overlooks educational objectives, and MARuL omits key 
criteria such as cognitive development, practice targets, motivation, goal orientation, effective 
scaffolding, self-directed learning, curriculum oriented, critical thinking and authenticity.
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Disease treatment is constantly advancing. Medical technology is increasingly integrated. Diagnostic and 
treatment approaches are growing more complex. Particularly in the post-COVID-19 landscape, public health 
maintenance adds another layer of complexity1,2. This requires more sophisticated medical education. Ongoing 
improvements in medical education are needed3. Information and communication technologies offer the 
possibility of educational experiences beyond the confines of the therapeutic environment, without the need 
for expensive therapeutic equipment. One crucial aspect of ICT technologies is the accessibility of learning 
opportunity through mobile apps for enhancing medical education4,5. Mobile phones are an ideal platform 
for hosting medical education mobile apps, as they offer improved educational opportunities both within and 
beyond traditional educational environments. These devices are readily available, portable, and can be easily 
connected to other electronic tools. Furthermore, their use does not require extensive training and is user-
friendly4,6.

Choosing the appropriate mobile app for medical education, which aligns with the necessary technical and 
functional requirements for both theoretical and clinical instruction, poses a significantly greater challenge. 
Hence, it is crucial to evaluate the quality of mobile apps in the field of medical education using suitable and 
reliable tools and criteria6,7. The purpose of this study is to evaluate a medical education mobile app using two 
valid and current assessment tools, and to critically appraise the ability of these tools to measure the effectiveness 
of the mobile apps in achieving medical education outcomes.

The research questions are as follows: What scores do medical education mobile apps receive when evaluated 
with the Mobile App Rating Scale (MARS) tool and the recently developed Mobile App Rubric for Learning 
(MARuL) tool, designed specifically for clinical education mobile apps? To what extent do these scores reflect 
the quality of the mobile apps in delivering effective education? Which criteria should be integrated into the 
MARS and MARuL tools to improve their effectiveness in evaluating medical education mobile apps based on 
the TPACK model?

The central hypothesis is that the qualitative features of medical education mobile apps are not fully covered 
by existing tools. Previous evaluations using the MARS tool were conducted by experts with both medical 
knowledge and experience in educational technologies. These studies found that many mobile apps received 
acceptable MARS scores. However, experts rated them poorly in their subjective assessments of usefulness for 
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medical education. By contrast, all mobile apps that scored acceptably on the subjective quality criterion also 
achieved acceptable scores on MARS. This suggests that the MARS tool alone is insufficient for comprehensive 
qualitative evaluation of medical education mobile apps8. In this study, we extended the evaluation by applying 
a correlation test between mobile app scores on the newly developed MARuL tool and the subjective quality 
criterion.

The structure of this article is as follows: In the next section, a review of previous research in the field of 
evaluating mobile apps and the tools used is discussed. The third part of the study introduces the TPACK model, 
providing the conceptual foundation for reviewing the performance of MARS and MARuL in evaluating medical 
education mobile apps. The fourth part describes the research methodology The fifth section presents the results 
of the evaluation and ranking of mobile apps. The sixth section discusses the results and findings of the research. 
Finally, the last section concludes the article.

Literature review
Articles9–13 evaluate mobile apps addressing chronic, postoperative, and menstrual pain. All of these articles used 
the PRISMA method for mobile app selection. Articles11,12 employ the MARS tool for evaluation, while article13 
evaluates mobile apps based on content and functionality criteria. Articles14,15 evaluate mobile apps related to 
Depression. These articles utilized the PRISMA method for mobile app selection and employed the MARS tool 
for evaluation. Articles16,17 evaluate mobile apps related to Weight Management. Both articles used the PRISMA 
method for mobile app selection. Article17 further evaluated mobile apps based on evidence-based strategies, 
healthcare expert involvement, and scientific evaluation. Articles7,18 evaluate mobile apps related to Clinical Skills 
Training. These articles used the PRISMA method for mobile app selection and employed both the MARS and 
MARuL tools for evaluation. Article19 evaluate mobile apps for Family Caregivers. Evaluation criteria included 
cost (purchase and in-app), device requirements (Fitbit, iHealth, tablets, etc.), interoperability (platform, web-
app, EMR/EHR integration), disease-specific focus (e.g., dementia care), target caregiver age group, evaluation 
claims, and functions. Article20 evaluated mobile apps for inflammatory bowel disease management using the 
MARS tool. Article21 examines mobile apps designed for patients with chronic obstructive pulmonary disease 
(COPD) who are receiving home oxygen therapy. The study evaluates the mobile apps’ usability from the patient 
perspective and their efficiency from the perspective of healthcare experts. Article22 examined Brazilian mobile 
apps focused on the care of patients with anxiety disorders. The MARS tool was employed for evaluation, and 
the PRISMA method was used for mobile app selection. Articles23 evaluated health and fitness mobile apps24, 
support patients undergoing bariatric surgery mobile apps25, patients managing bipolar disorders mobile 
apps26, cancer mobile apps27, cardiovascular disorders mobile apps28, diabetes mobile apps29, prevention of 
healthcare-associated infections mobile apps30,31, viral immunodeficiency mobile apps32, conservative dentistry 
and endodontics33, psychological skills training34, Schizophrenia mobile apps15, smoking cessation mobile apps 
using the MARS tool.

Previous research has emphasized the importance of evaluating mobile apps in the fields of health and 
education. One of the key areas of focus in evaluating health-related mobile apps is the content. Consequently, 
all evaluation tools developed for these mobile apps include criteria that evaluate their content. Other important 
evaluation factors commonly considered in research include user-friendliness and applicability, as well as criteria 
related to the mobile app’s aesthetics. To ensure unbiased results and comprehensive evaluation outcomes, the 
researchers primarily utilized the PRISMA framework for mobile app selection and evaluation. This framework 
helps reduce bias and ensures a comprehensive evaluation process. Additionally, in many studies, the MARS 
evaluation tool has been widely used for evaluating mobile apps. This tool is renowned for its simplicity, 
reliability, and objective goals. It has been utilized in numerous research projects within the health field. The 
tool’s reliability and validity have been reported as satisfactory in various studies.

TPACK model
The TPACK model, developed by Koehler and Mishra (2008)35, integrates three dimensions pedagogical 
knowledge (PK), technological knowledge (TK), and content knowledge (CK) to guide effective use of ICT in 
teaching (Fig. 1). PK denotes teachers’ understanding of evidence-based instructional methods, TK represents 
the skills to deploy technology, and CK denotes expertise in a specific subject area. The intersections of these 
dimensions, form three constructs: technological pedagogical knowledge (TPK), technological content 
knowledge (TCK), and pedagogical content knowledge (PCK). TPK involves applying technology to support 
pedagogical approaches, TCK focuses on using specific technologies within a subject, and PCK represents the 
integration of pedagogy and content, such as teaching mathematics effectively to students.

Research method
In this study, medical education mobile apps were evaluated and ranked according to their importance. To 
ensure a comprehensive search for relevant mobile apps, the researchers utilized the PRISMA framework, which 
has been widely used in reputable medical research36–40. PRISMA, a reporting guideline for systematic reviews 
and meta-analyses, provides evidence-based standards to improve transparency. The framework consists of four 
phases: identification, screening, eligibility, and inclusion41. The research method employed in this study is a 
systematic review, designed and implemented based on the PRISMA framework. The PRISMA flow diagram is 
shown in Fig. 2.

Selection of mobile apps
The mobile app review was conducted from September 2023 to January 2025 at Shiraz University of Technology, 
Shiraz, Iran. Mobile apps were identified using Google Search, restricting results to the Google Play Store with 
the “site:” operator, complemented by direct searches within the Play Store. To reduce bias, all authors performed 
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parallel searches at different times and from distinct IP addresses. Duplicate mobile apps were removed. Multiple 
search terms, including “Medical Education,” “Medicine Education,” “Medical Learning,” “Medicine Learning,” 
and “Medical Student Guideline,” were employed to locate relevant mobile apps.

Initially, titles and descriptions were screened for relevance to medical education. Mobile apps classified as 
computer games, unrelated to medical education, or presented in languages other than English were excluded. In 
the second stage, duplicates from different search terms and similar versions (e.g., “pro” or “lite”) were removed. 
Mobile apps not designed for medical students, those aimed at patient or paramedic training, and mobile apps 
with limited availability were also excluded (see Fig. 2).

We included mobile apps that (a) deliver content in English, (b) are freely accessible without requiring 
payment, and (c) are applicable to at least one medical education course. Mobile apps were excluded if they (a) 
were games intended for children, (b) targeted nursing education, (c) only provided a demo version, or (d) could 
not be installed.

Mobile app quality assessment tool
In this study, the mobile app was qualitatively evaluated using the MARS and MARuL tools.

The MARS offers a comprehensive evaluation of mobile app quality across five sub-criteria: Engagement 
(e.g., Entertainment, Interest, Customization, and Interactivity), Functionality (e.g., Ease of use, Efficiency, 
Navigation, and Gestural design), Aesthetics (e.g., Layout, Graphics, and Visual appearance), Information quality 
(e.g., Accuracy, Objectives, Quality, Quantity, Visual information, Credibility, and Evidence-based content), and 
Subjective app quality. It consists of 19 items, The mean score across all sub-criteria reflects overall mobile app 
quality, while subscale averages scores highlight specific strengths and weaknesses39. A score ≥ 3 is considered 
the threshold for acceptable quality32,33,42. The tool demonstrates good interrater reliability (intraclass correlation 
coefficient (ICC) = 0.79) and strong internal consistency (Cronbach’s α = 0.9)39.

The MARuL tool evaluates mobile apps across four sub-criteria: Teaching and learning (e.g., Purpose, 
Pedagogy, Learning capacity, Quantity of information, Relevance to study/course, Instructional features, User 
interactivity, Feedback, Efficiency), User-Centered (e.g., Subjective quality, Satisfaction, Perceived usefulness, 
Perceived importance, User experience, Intention to reuse, Engagement) and Professional (e.g., In line 
with professional standards, Credibility of mobile app, Information quality) and Usability (e.g., Aesthetics, 
Functionality, Differentiation, Ease of use, Absence of advertisements, Technical specifications, Advantages over 
web-based or conventional equivalent)7. The tool includes 26 items scored on a 0–4 scale, with total scores 
categorizing mobile apps as not at all valuable (< 50), potentially valuable (51–69), or probably valuable (> 69). 
MARuL demonstrates good interrater reliability (ICC = 0.66), and excellent internal consistency (Cronbach’s α 
= 0.96)7. and its content validity has been verified by experienced educational experts.

In Table 1, the evaluation criteria for educational mobile apps were categorized according to the TPACK 
model, based on the initial reference table proposed in43. The correspondence of items from the MARS and 
MARuL tools with each criterion was also determined. The results show that, within the Technology dimension, 
the MARS tool covers 11 of 18 criteria (61%), while the MARuL tool covers 12 of 18 criteria (67%). In the 
Pedagogy dimension, MARS addresses 2 of 11 criteria (18%), compared with 5 of 11 (45%) in MARuL. For 
the Content dimension, MARS includes 5 of 11 criteria (45%), whereas MARuL covers 7 of 11 (67%). Table 2 
presents a comparative analysis of the similarities between MARS and MARuL.

Fig. 1.  The TPACK Model.Source: http://tpack.org.
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Mobile app review process
For this research, four expert evaluators were invited to collaborate, all of whom held at least a professional 
doctorate in the field of medicine. The reviewers disclosed no conflicts of interest pertaining to the industry of 
the developers whose mobile apps were being evaluated.

Four evaluators received necessary guidance on the content and objectives of the Mobile Application Rating 
Scale (MARS) during an online session conducted by IT experts. Table 3 details the evaluators and the tools used 
for the evaluation. These experts possessed at least a master’s degree and had 5 years of experience in developing 
mobile apps. An educational video was prepared and made available to the evaluators for reference. these experts 
have undergone 10 h of training on how to use the MARS and MARuL tools and actively participated in the 
testing phase of utilizing this tool. The MARS training video, provided by its developers, was used, while the 
MARuL training video was created by the researchers to train evaluators.

Each evaluator independently installed and reviewed the app for at least 30 min. The evaluators unanimously 
agreed on the relevance of all evaluation tools measures for evaluating educational mobile apps.

Before rating the assigned mobile apps, all evaluators evaluated two mobile apps specifically selected for 
educational purposes (previously excluded from the analysis). They discussed their results to ensure a shared 
understanding of the MARS and MARuL items and the evaluation process.

All mobile apps were accessible to all evaluators for review. The mobile apps were downloaded and rated 
between November 1 and December 30. Furthermore, information was collected regarding the target group, 
educational domain, type of content and learning activities, developer, and current mobile app store rating of 
each mobile app. The availability of scientific studies was verified through Google Scholar, PubMed, and the 
developer’s website.

Statistical analysis of data
To evaluate the interrater reliability of MARS and MARuL sub-criteria and the total score, the third form of ICC 
(known as “Two-Way Mixed” in SPSS) was employed in this research57. It should be noted that the evaluators 

Fig. 2.  PRISMA 2020 Flow Diagram for the Selection of Medical Education Mobile Apps.
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TPACK 
Dimensions Metric MARS MARuL Definition

Technology

Options for user 
support MuD6 Provide technical support to enhance user experience with the app, including tutorials, search functionality, help 

resources, and automatic updates7,46–48

Accessibility Ensure the mobile app is accessible across smartphones with all essential features, requiring minimal cognitive 
effort, while complying with web and multimedia accessibility standards48,49.

Design

Layout MaC1 MuD1

Ensure an aesthetically pleasing and user-friendly design with a clear, consistent layout, high-quality media, and 
intuitive navigation. Use bright colors for learners, appropriate fonts and sizes, well-structured touch-screen 
menus, colorful animated buttons, and icons that accurately represent their functions45–47,49,50

Graphics MaC2 MuD1

Visual 
appeal MaC3 MuD1

Ease of use MaB2 MuD4, 
MuD1

Purpose MaA5 MuA1 Ensure well-defined objectives with coherence between goals, skills, and target audience, supported by appropriate 
content and guidance for teachers and students46,49.

User control Users should be able to select and sequence tasks within the mobile app, with the freedom to make choices 
throughout the mobile app47,51.

Stability Assess whether the mobile app experiences freezing or crashes46.

Portability MuD7 The mobile app should function seamlessly across platforms52.

Multimodal options Evaluate the role of embedded visual and verbal features in motivating and sustaining student engagement, while 
ensuring they do not distract from learning or serve merely as entertainment53

Functionality MaB4 MuB5 We can fully utilize all of its features

Communication Enable learners to share mobile app-generated content, as well as their learning progress, issues, or concerns, with 
others via email or print at any time47,50,51,54–56.

Performance MaB1 MuD2 Measure the mobile app’s loading speed, responsiveness, and task completion efficiency47

Gamification MaA1 The process of integrating game-like elements into mobile apps46.

Interoperability Developed in standard formats for universal compatibility, including complete metadata and accessibility features, 
and packaged for easy transfer and reuse49.

Navigations MaB3 MuD4 The ease with which students can navigate the app independently, supported by clearly labeled menus and icons, 
functional status links, and clear instructions46,47,49,53–56

Working mode Determine whether the mobile app requires an internet connection to function46.

Error prevention MaB1 MuD2 Facilitate error prevention and recovery by providing concise error messages47,51.

Reusability High modularity, enabling reuse across disciplines and learning environments, including face-to-face, online, and 
blended settings49.

UI customization MaA3 MuA7 Customization of voice, color, layout, and other user interface elements7,57.

Pedagogy

Teaching MuA6 Determine whether the mobile app presents, explains, or models subject content, rather than solely testing it46.

Feedback MuA8 The mobile app’s ability to track progress and provide meaningful, specific, and timely feedback that reinforces 
correct responses, enabling learners to conduct self-evaluation46,47,50,54–56.

Engagement MaA2 MuB7 Evaluates whether the mobile app maintains student engagement and attention, or if it is perceived negatively by 
the learner46,47,54.

Learning values MuA9
Typically evaluated through teacher or student perceptions, focusing on learner control, knowledge construction, 
information-seeking skills, and overall achievement. Effective mobile apps structure learning into manageable, 
connected steps and offer strategies to support task completion58.

Cognitive 
development Emphasize recognition over recall, using appropriate language and content grounded in familiar concepts47

Practice targets A mobile app that enables users to practice learning targets either in a realistic, problem-based environment or in 
isolation, such as through flashcards50,54

Motivation The mobile app delivers pedagogical feedback from instructors through activities or content designed to engage 
learners’ interests45,49,51,55.

Goal orientation 
adaption Evaluate mobile app flexibility based on applicability to diverse curricular areas54

Effective scaffolding Evaluate whether the app’s activities progress in difficulty in a manner that supports the learner46

Self-Directedness Educational mobile apps are recommended to provide learners with personalization options52

Frequency MaE2 MuB6 The frequency of mobile app use by teachers and learners varies by purpose; mobile apps with potential for daily 
use are considered more valuable than those used occasionally48

Continued
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involved in rating the medical education mobile apps using the MARS and MARuL tools were all trained and 
qualified individuals with expertise in medical knowledge and proficiency in using the evaluation tools. The 
evaluators’ average ratings were used to evaluate the reliability of the mobile app evaluation. The statistical 
analysis was performed using SPSS version 26 software.

Results
Selection of mobile apps
A total of 409 mobile apps were initially identified on Google Play. After removing duplicates, 298 mobile apps 
remained. Two mobile apps were excluded because they were not available in English. An additional 58 mobile 
apps were considered unsuitable for medical education. Three apps were specific to training nurses and two apps 
were categorized as children’s games. 13 mobile apps were no longer available. Another 64 mobile apps were 
excluded because they were not free during the second phase of monitoring. In the third stage, the remaining 
downloaded mobile apps were evaluated for their functionality on mobile phones. As a result, 126 mobile apps 
were found to be either unable to run or encountered errors during execution and were therefore removed. 

Evaluator Gender OS version Hardware

Evaluator 1 Female Android 10 Xiaomi Mi 10

Evaluator 2 Male Android 10 Samsung Galaxy A51

Evaluator 3 Male Android 11 Redmi Note

Evaluator 4 Female Android 10 Samsung Galaxy A30s

Table 3.  Evaluator description.

 

MARul items MARS related item Overlap with MARS items

Teaching and learning MaD2, MaD3, MaD4, MaD7, MaA3, MaA4 6/9

User-centered MaA2, MaA4, MaA5, MaB4, MaD4, MaE1, MaE2, MaE3, MaE4, 7/7

Professional MaD4, MaD6, MaD7 3/3

Usability MaC1, MaC2, MaC3, MaB1, MaB2 4/7

Table 2.  MARS and MARuL criteria relation.

 

TPACK 
Dimensions Metric MARS MARuL Definition

Content

Customization MuD3 Mobile apps should allow personalization and individual profiles to match learners’ abilities and needs45–47,54,55.

Authenticity Include classroom activities that provide real-life practice through simulations, such as exploring spacecraft or 
planets, or constructing atoms using electrons, protons, and neutrons49,51

Interactive elements MaA2, 
MaA4 MuA7 Engages users and supports learning by allowing content manipulation for creativity and expression, with 

appropriate gestures and easy interaction47,49,53.

Content quality MaD3, 
MaD5

Content should be balanced, up-to-date, accurate, objective, respectful of copyright, and presented with clear 
instructions46,49.

Critical thinking
The mobile app should promote higher-order thinking by encouraging questioning, analysis, evaluation, and 
openness. It should help students connect prior experiences with in-app activities and provide opportunities for 
scientific inquiry through observation, experience, reflection, reasoning, and communication45,49,50,54,56,59

Relevance MaD2 MuA5 The mobile app’s content should be aligned with and reinforce the targeted goals and skills of the lesson45,48,49,56.

Accuracy
MaD1, 
MaD4, 
MaD6

MuB3, 
MuC3

Content should be accurate and complete, with graphics that enhance understanding of scientific concepts and 
correctly represent experimental procedures and measurements56.

Curriculum 
oriented

Mobile apps should align with curriculum skills or concepts and effectively incorporate them into meaningful 
learning experiences45,50,52

Up-to-date MuC1 Delivering information and representations in a timely manner51

Credibility of app MaD6 MuC2 Evaluate whether the mobile app was developed by experienced experts in the relevant learning domain7,57

Evidence base MaD7 MuC1 Check for evaluation and validation in academic sources57

General

Satisfaction MaE4 MuB2 The evaluator’s level of satisfaction with the mobile app7,57

Perceived 
importance MaE3 MuB4 Mobile app’s impact on student learning7,57

Advertisements MuD5 Evaluate whether ads affect usability and if a paid version eliminates them7

Recommend to 
other MaE1, MuB1 Evaluator’s willingness to recommend the mobile app7,57

Table 1.  Categorization of evaluation criteria within TPACK dimensions and mapping to MARS and MARuL 
sub-criteria.
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Ultimately, 30 mobile apps were identified as eligible for inclusion in the study. The process of mobile app 
identification, following the PRISMA framework, is illustrated in Fig. 3.

Mobile app features
Considering the educational services provided by the mobile apps, they were further classified into four groups1: 
content for clinical education2, content for basic science instruction3, questions for evaluation4, content for skill 
training. Based on this classification, 12 mobile apps offered content specifically for medical clinical training. 
Among these, two mobile apps also provided instruction in disease diagnosis, patient treatment, and prescription 
writing skills. In addition, one mobile app supplied assessment questions or supported the creation of exam 
question banks alongside educational content. For basic medical courses that support clinical training, 12 mobile 
apps provided relevant instructional material. One of these mobile apps focused exclusively on laboratory skill 
training. Furthermore, six mobile apps provided only question-based resources for examinations in the basic 
and clinical sciences.

The analysis of medical education mobile apps showed that most mobile apps (17 out of 30) primarily provided 
knowledge-based content. only two mobile apps focused on delivering skill-based instructional material. 
Additionally, eight mobile apps offered multiple-choice examination services for students and graduates (see 
Fig. 3).

Thematically, the mobile apps covered a limited but frequently used set of topics in medical education (15 
out of 51). The topics represented included pharmacology (3 out of 30), physiology (1 out of 30), transcription 
skills (1 out of 30), embryology (3 out of 30), genetics (4 out of 30), histology (2 out of 30), nutrition science (5 
out of 30), parasitology (2 out of 30), epidemiology (1 out of 30), bacteriology (1 out of 30), pathology (7 out of 
30), anatomy (2 out of 30), immunology (2 out of 30), infectious disease (3 out of 30), microbiology (1 out of 30), 
and health (1 out of 30) (see Fig. 4).

However, no mobile apps were identified that provided instruction in a wide range of additional medical 
subjects. These included anatomy, dentistry, dermatology, forensic medicine, obstetrics and gynecology, 
neurology, oncology, ophthalmology, psychiatry, radiology, sports medicine, health, immunology, infectious 
diseases, informatics and telemedicine, internal medicine, otolaryngology, pediatrics, social medicine, surgery, 
and medical ethics. Although these fields fall within the scope of medical education, no corresponding mobile 
apps were available.

Ranking of mobile apps
Mobile apps were evaluated using the MARS and MARuL tools, and the resulting scores are shown in Figs. 5 and 
6. Detailed scores for each sub criterion of both instruments are provided in Tables 1 and 2 in the appendix. The 
overall MARS scores ranged from 1.03 to 4.41 with a standard deviation of 0.85. The MARuL scores ranged from 
20.75 to 82.75, with a standard deviation of 14.01.

In the MARS evaluation, performance received the highest mean score (3.79), while Subjective quality 
received the lowest mean score (2.02). The mean overall MARS score was 3.05 out of 5. A total of 56% of apps 
(17 out of 30) achieved an acceptable MARS score (> 0.3).

In the MARuL evaluation, the Professional sub-criterion achieved the highest mean score (7.82 out of 12; 
65%), whereas the User-centered sub-criterion had the lowest mean score (10.27 out of 28; 37%). The mean 

Fig. 3.  Statistical frequency of selected mobile app in leaning subject.
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Fig. 5.  Total MARS and sub criteria score for medical education mobile app.

 

Fig. 4.  Statistical frequency of selected mobile app in medical science subject.

 

Scientific Reports |         (2026) 16:2252 8| https://doi.org/10.1038/s41598-025-31973-4

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


overall MARuL score was 56.04 out of 104. A total of 73% of mobile apps (22 out of 30) obtained an acceptable 
MARuL score (> 51).

The inter-rater agreement for the overall MARS score was excellent and strong at the mobile app level, with 
an ICC(3, k) of 0.97 (95% CI: 0.95–0.98). The evaluation results also showed excellent inter-rater agreement for 
the Aesthetic sub-criterion (ICC(3,k) = 0.97 (95% CI: 0.95–0.98), Engagement (ICC(3,k) = 0.96 (95% CI: 0.93–
0.98)), Performance (ICC(3,k) = 0.97 (95% CI: 0.95–0.98)), Information (ICC(3,k) = 0.97 (95% CI: 0.95–0.98)), 
and Subjective quality of the mobile app (ICC(3,k) = 0.97 (95% CI: 0.95–0.98)). The results obtained for the sub-
criterion of Subjective quality and the overall MARS score in this study differ from other research findings39,58,59.
The agreement analysis results for the evaluators of the mixed-effects model are displayed in the Table 4.

The inter-rater agreement for the overall MARuL score was excellent, with an ICC(3,k) of 0.94 (95% CI: 
0.89–0.97) at the mobile app level. The evaluation results also showed excellent inter-rater agreement for the 
User-centered sub-criterion (ICC(3,k) = 0.93 (95% CI: 0.88–0.96)), Teaching and learning (ICC(3,k) = 0.83(95% 
CI: 0.70–0.91)), Usability (ICC(3,k) = 0.85 (95% CI: 0.75–0.92)) and Professional (ICC(3,k) = 0.93 (95% CI: 0.87–
0.96)). The agreement analysis results for the evaluators of the mixed-effects model are displayed in the Table 5.

Based on the MARS scores, the top three mobile apps were Embryology Quiz with a score of 4.41 (MARuL 
score: 74.75), Drugs Classifications & Dosage with a score of 4.19 (MARuL score: 82.75), and Nutrition Quiz 
with a score of 4.06 (MARuL score: 67.50). Based on the MARuL scores, the top three mobile apps were Drugs 
Classifications & Dosage with a score of 82.75, Global Health and Epidemiology with a score of 76.50 (MARS 
score: 3.81) and Embryology Quiz with a score of 75.75.

MARS sub-scale Internal consistency Cronbach’s Alpha

Engagement 0.96 (95% CI: 0.93–0.98) 0.97

Aesthetics 0.97 (95% CI: 0.95–0.98) 0.95

App subjective quality 0.97 (95% CI 0.95–0.98) 0.97

Functionality 0.97 (95% CI: 0.95–0.98) 0.97

Information 0.97 (95% CI: 0.95–0.98) 0.97

Total MARS score 0.99 (95% CI: 0.98–099.98) 0.99

Table 4.  Result of intraclass correlation coefficient (ICC) analysis.

 

Fig. 6.  Total MARuL and sub criteria score for medical education mobile app.

 

Scientific Reports |         (2026) 16:2252 9| https://doi.org/10.1038/s41598-025-31973-4

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


The correlation between overall MARS scores and the overall MARuL score was 0.82, indicating a strong 
positive relationship between the two evaluation tools (Fig.  7). This result suggests a significant degree of 
alignment in how both tools evaluate mobile apps. Among the sub-criteria, the strongest correlation was 
observed between the User-centered sub-criterion of the MARuL tool and the subjective quality sub-criterion of 
the MARS tool (r = 0. 92). Other notable correlations include: Teaching and learning (MARuL) and Information 
(MARS) (r = 0.85), Professional (MARuL) and Information (MARS) (r = 0.82), Usability (MARuL) and Aesthetics 
(MARS) (r = 0.71). The correlation between the overall MARuL score and Subjective quality was 0.70 (Fig. 8), 
whereas the correlation between the overall MARS score and Subjective quality was 0.27 (Fig. 9).

These findings indicate that the MARuL tool shows stronger alignment with evaluators’ qualitative judgments 
regarding the usefulness of mobile apps for medical education. This pattern may reflect the greater emphasis 
of the MARuL tool on pedagogical quality criteria with the TPACK model (Table 1). In particular, the User-
centered sub-criteria appears to contribute most to this alignment.

Comparing the correlation between MARuL and MARS scores with Subjective quality shows important 
differences. Subjective quality reflects evaluators’ qualitative opinions on the usefulness of mobile apps 
for medical education. The MARuL tool shows a stronger alignment with these subjective evaluations. This 
alignment is mainly due to the User-centered sub-criterion of the MARuL tool.

In contrast, the Teaching and learning sub-criterion of the MARuL tool show weak alignment with Subjective 
quality sub-criterion. This is demonstrated by sub-criteria a low correlation value (r = 0.24). This indicates that 
this sub-criterion did not effectively reflect evaluators’ perceptions of teaching and learning quality in the mobile 
apps.

The comparison of rankings also shows differences between tools. The three mobile apps with the highest 
Subjective quality scores in MARS tool were also among the top three mobile apps according to the MARuL tool. 
However, only two of the top three mobile apps based on the MARS tool were included in the top three when 
ranked by Subjective quality. This shows a partial overlap, but not full agreement, between the two evaluation 
approaches.

Fig. 7.  Correlation between MARS and MARuL scores.

 

MARuL sub-scale Internal consistency Cronbach’s Alpha

User-centered 0.93 (95% CI: 0.88–0.96) 0.93

Teaching and learning 0.83 (95% CI: 0.70–0.91) 0.83

Usability 0.85 (95% CI: 0.75–0.92) 0.85

Professional 0.93 (95% CI: 0.87–0.96) 0.93

Total MARuL score 0.94 (95% CI: 0.89–0.97) 0.93

Table 5.  Result of intraclass correlation coefficient (ICC) analysis for MARuL.
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Fig. 9.  Correlation between subject quality and MARS scores.

 

Fig. 8.  Correlation between subject quality and MARuL scores.
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Discussion
Medical education mobile app evaluation via MARS and marul: implications for developers
Existing medical education mobile apps showed the lowest performance in the Engagement sub-criterion in 
MARS and the User-centered sub-criterion in MARuL. Half of the mobile apps (15 out of 30) did not meet 
acceptable Engagement scores and 73% (22 out of 30) fell below acceptable User-centered scores, with mean 
values of 3.01/5 (SD = 1.23) and 10.27/28 (SD = 6.80), respectively. Key Weaknesses were noted in Entertainment 
and Interest sub-criteria (MARS) and in Engagement and Subjective quality sub-criteria (MARuL). Overall, the 
results indicate inadequate user-engagement mechanisms, highlighting the need to strengthen interactive and 
engagement-focused features.

Visual design also emerged as a concern. A substantial proportion of mobile apps failed to meet aesthetics 
standards (MARS: 13 out of 30; MARuL: 10 out of 30) with mean scores of 3.16/5 (SD = 0.96) and 15.87/28 
(SD = 3.58), respectively. Weaknesses were noted in page layout, graphics, and overall visual coherence, 
including clarity, color schemes, and format compatibility. These finding highlight the need for more improved 
user interface design to enhance both the aesthetic appeal and usability of medical education mobile apps.

The MARS Information sub-criteria also revealed significant limitations. 13 out of 30 mobile apps scored 
below acceptable levels (Mean = 3.29, SD = 1.10), particularly in providing believable, evidence-based content. 
Most mobile apps relied predominantly on text, with minimal use of visual or multimedia elements, thereby 
reducing engagement and learning impact. While MARS evaluates content accuracy, quantity, credibility, and 
alignment with mobile app goals, it does not capture key pedagogical factors such as scaffolding, prerequisite 
alignment, difficulty level, or appropriate learning contexts. Consequently, mobile apps containing accurate and 
credible information may still fail to support deeper understanding or meaningful behavior change.

Performance was generally adequate, with 25 out of 30 mobile apps achieving acceptable scores (Mean = 3.8, 
SD = 1.08). This criterion evaluates ease of use, efficiency, navigation, and motion design. While mobile apps 
performed well in ease of use and efficiency, navigation and motion design remained suboptimal.

For the MARuL Teaching and learning sub-criterion, mobile apps obtained an average score of 22.09 
(SD = 6.71), with only seven mobile apps scoring below acceptable levels. This sub-criterion relies on qualitative 
judgment of learning suitability. However, no correlation was observed between these scores and evaluators’ 
subjective evaluation under the MARS Subjective quality sub-criterion, indicating that MARuL may insufficiently 
capture key pedagogical dimensions.

MARS and MARuL performance in medical education mobile app evaluation: strengths and 
weaknesses within TPACK
The central hypothesis—that existing evaluation tools do not adequately capture the qualitative features of 
medical education mobile apps—was supported. Previous evaluations using MARS, conducted by experts in 
medical and educational technology, showed that mobile apps with acceptable MARS scores were often rated 
poorly in subjective expert evaluations. Conversely, mobile apps receiving acceptable subjective quality ratings 
consistently achieved satisfactory MARS scores8, indicating that MARS alone is insufficient for comprehensive 
qualitative evaluation. Extending this analysis using correlation tests between MARuL scores and subjective 
quality ratings reduced but did not eliminate these discrepancies. So, MARuL, similar to MARS, remains 
inadequate for a complete and standardized evaluation of medical education mobile apps.

Evaluators’ responses to general criteria—willingness to recommend the mobile app, willingness to pay, 
and overall satisfaction—showed a very high correlation between MARS Subjective quality and MARuL User-
centered sub-criteria (r = 0.92) indicating a shared understanding overall mobile app quality. However, weak 
correlations between the Teaching and learning sub-criterion and Subjective quality sub-criterion (r = 0.24) and 
the User-centered sub-criterion (r = 0.11) confirm that both tools insufficiently capture pedagogical effectiveness.

Although MARS and MARuL provide valuable insights into mobile app functionality and basic usability, 
both tools remain inadequate for evaluating the pedagogical effectiveness of medical education mobile apps. 
In the comparative analysis of the MARS and MARuL tools against the TPACK based educational mobile app 
evaluation framework43,50, the shortcomings of both tools were identified (Table 1). MARuL covers a greater 
proportion of pedagogy-related criteria within the TPACK model (MARuL = 45%, MARS = 18%; Table 1), it 
still does not provide comprehensive coverage. Both tools require refinement to address essential pedagogical 
criteria. Incorporating additional dimensions—such as cognitive development (e.g., providing case-based 
learning modules that require students to analyze clinical symptoms and formulate differential diagnoses), 
practice-based learning (e.g., timed quizzes and competency-oriented checklists), motivation (e.g., progress 
dashboards, achievement badges, and adaptive feedback), goal orientation (e.g., structured pathways progressing 
from foundational concepts to advanced reasoning), effective scaffolding (e.g., gradual progression from guided 
to complex, minimally supported clinical cases), and self-directed learning (e.g. enabling users to select learning 
topics, establish personal study goals, and review materials at their own pace.), curriculum alignment (e.g., 
mapping to medical education standards), critical thinking (e.g., interactive simulations requiring clinical 
decision-making), and authenticity (e.g., virtual patients, real-world case repositories, and evidence-based 
guidelines)- would enable these tools to provide a more comprehensive, evidence-based pedagogical evaluation 
aligned with the TPACK model. These enhancements directly addressing the limitations identified in the present 
study.

Limitation
The primary limitation of this study was the difficulty in recruiting experts with combined expertise in medical 
knowledge, medical education, and mobile app evaluation. The extensive training required to familiarize 
evaluators with the evaluation tools further added to this challenge. The evaluation process was time-intensive, 
and limited experts’ availability prolonged the overall timeline. Another constraint was the lack of access to iOS 
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devices, due to high cost and sanctions restricting certain features in Iran, which prevented inclusion of iOS 
mobile apps. An additional limitation was the variability in mobile app performance across different hardware 
models and operating system versions, which extended both the mobile app selection and evaluation processes.

Conclusion
In this research, the quality of medical education mobile apps was evaluated using the MARS and MARuL tools. 
Four evaluators, all holding medical doctorates, conducted the evaluation. Approximately 73% of the reviewed 
mobile apps achieved acceptable scores on the MARuL tool, whereas 56% met the acceptable threshold on the 
MARS tool. (Figures 5 and 6). Statistical analysis demonstrated excellent inter-rater agreement (Tables 4 and 5).

Among the sub-criteria, Functionality and Professional received the highest scores, followed by Information 
and Aesthetics in MARS, and Teaching and learning, and Usability in MARuL. However, many medical 
education mobile apps did not achieve acceptable scores in the MARS Engagement and Subjective quality sub-
criterion, nor in the MARuL User-centered sub-criterion (Figs. 5 and 6). In MARS, the primary weaknesses 
were low scores for Entertainment and Interest, while in MARuL, the weakest dimensions were Engagement and 
Subjective quality. These findings show that most medical education mobile apps lack effective mechanisms to 
engage users or provide an enjoyable learning experience.

While MARS and MARuL provide useful insights, they inadequately address pedagogical dimensions 
outlined in the TPACK model (Table  1). MARS overlooks educational objectives, and MARuL omits key 
components such as cognitive development, practice targets, motivation, goal orientation, effective scaffolding, 
self-directed learning, curriculum oriented, critical thinking and authenticity (Table 1). Addressing these gaps is 
essential to enhance both tools for comprehensive, evidence-based evaluation of medical education mobile apps. 
As a next step, we recommend developing new evaluation frameworks derived from MARS and MARuL but 
extended to incorporate these pedagogical criteria, thereby enabling a more thorough and education-centered 
evaluation of medical education mobile apps.

Data availability
All data generated or analyzed during this study are included in this published article.
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