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PAPER

Interactive Learning through Mobile GBL: A Decade 
of Research Insights

ABSTRACT
This bibliometric analysis investigates mobile technology integration in game-based learning 
(GBL) through 1,067 Scopus-indexed documents (2015–2024). Following PRISMA guidelines, 
we map publication trends, influential contributors, and thematic patterns in mobile 
GBL research. The analysis revealed a consistent annual growth rate of 1.75% in mobile 
GBL research, underscoring its increasing significance. Key findings highlight the pivotal 
role of journals such as Computers and Education and the effectiveness of mobile GBL in 
improving learning outcomes through interactivity, personalization, and contextual rele-
vance. The study advocates for broader adoption of mobile GBL and further research to fully 
harness its transformative potential in education.

KEYWORDS
mobile technology, game-based learning (GBL), bibliometric analysis, educational outcomes, 
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1	 INTRODUCTION

The rapid advancement of mobile technology has permeated nearly every aspect 
of contemporary life, including education [1], [2]. With the widespread adoption of 
mobile devices such as smartphones and tablets, educators and researchers have 
increasingly utilized these tools to enhance traditional learning methods [3], [4]. 
A particularly promising approach is game-based learning (GBL) [5], [6], [7], which 
leverages the interactive and immersive qualities of games to foster deeper engage-
ment and improve educational outcomes [8], [9]. Although both mobile learning 
and GBL have been extensively researched, there remains a significant gap in 
understanding how their integration—specifically, the use of mobile technology in 
GBL—affects learning experiences and outcomes [10], [11], [12]. This paper aims to 
address this gap by providing a comprehensive bibliometric analysis and empirical 
evaluation of the impact of mobile GBL on education.
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Mobile technology offers unparalleled accessibility [13], [14], allowing learners to 
engage with educational content at any time and from any location [3], [15]. When 
combined with GBL, mobile GBL can create highly interactive, personalized, and 
contextually relevant learning environments [16], [17]. These characteristics address 
the heterogeneous requirements of contemporary learners socialized in technology- 
mediated environments [18], [19]. Recent advances in cloud-based smart technol-
ogies and augmented reality have further expanded these possibilities, enabling 
sophisticated educational experiences that were previously impossible on mobile 
devices. Papadakis et al. [20] demonstrate how cloud technologies facilitate success-
ful open learning by offloading computational demands, while their subsequent 
work [21] illustrates the synergistic potential when cloud technologies combine with 
augmented reality in educational contexts. These technological convergences are 
particularly relevant for mobile GBL, where device limitations have historically con-
strained the complexity of educational games.

However, despite the growing interest in both mobile learning and GBL, there is a 
scarcity of studies that have systematically examined their intersection, resulting in 
a significant gap in the literature. While existing research demonstrates the potential 
of mobile GBL, a critical gap persists between theoretical frameworks and practical 
implementation. Most studies focus on proof-of-concept applications or controlled 
experiments, with limited investigation of real-world deployment challenges, scal-
ability issues, and long-term sustainability in diverse educational contexts [16], [19]. 
This implementation gap is particularly pronounced in resource-constrained envi-
ronments where mobile devices may represent the primary or sole access to digital 
learning technologies. Understanding these implementation challenges requires 
examining not only what is researched but also what remains unexplored in the 
formal academic literature.

Furthermore, our understanding of the mobile GBL landscape is constrained by 
the methodological lenses through which we examine it. Bibliometric analyses, while 
valuable for mapping research trends and identifying influential contributions, 
inherently privilege formally published, peer-reviewed literature. This approach 
may overlook grassroots innovations, practitioner insights, and implementa-
tion wisdom captured in grey literature, technical reports, or community forums. 
Additionally, the predominance of English-language databases such as Scopus in 
bibliometric studies creates a systematic bias that potentially excludes significant 
contributions from non-English speaking regions, particularly from the Global South 
where mobile learning innovations may be most transformative [2], [13].

Recognizing these limitations, this study employs bibliometric analysis not as 
a comprehensive representation of all mobile GBL knowledge, but as a systematic 
method to examine formally documented research trends within specific academic 
boundaries. By explicitly acknowledging what our methodology captures—and 
what it potentially misses—we aim to provide a nuanced understanding of the 
mobile GBL research landscape while identifying areas where alternative research 
approaches may reveal additional insights.

This study seeks to address the existing gap by examining the role of mobile 
technology in enhancing game-based learning (GBL) and its subsequent impact 
on learning outcomes. To this end, we conducted a bibliometric analysis of 1,067 
documents published between 2015 and 2024, sourced from the Scopus database 
and meticulously filtered using PRISMA guidelines [22], [23], [24]. This analysis 
enabled us to map the intellectual landscape of mobile GBL by identifying publi-
cation trends, influential contributors, and thematic patterns. Additionally, we 
evaluated empirical data to assess the effectiveness of mobile GBL, emphasizing its 
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interactivity, personalization, and contextual relevance as key drivers of improved 
learning outcomes.

This article presents a comprehensive analysis of these elements, thereby con-
tributing to the field by elucidating how mobile technology can transform GBL from 
a supplementary tool into a fundamental component of contemporary education. 
The findings not only illuminate the current state of research but also propose future 
directions for utilizing mobile GBL to foster more equitable, engaging, and effective 
learning experiences.

2	 MATERIALS AND METHODS

In this study, we performed a bibliometric analysis to investigate the role of 
mobile technology in GBL and its impact on enhancing educational experiences [25]. 
This methodology involved a systematic evaluation of scientific literature from 
peer-reviewed, indexed journals to map the research landscape in this field. 
By employing bibliometric techniques [26], [27], [28], [29], we sought to identify pub-
lication trends, influential contributors, and thematic patterns, thereby elucidating 
the integration of mobile technology with GBL to improve learning outcomes.

This study employs a bibliometric analysis and systematic literature review 
methodology. No original empirical data was collected. The quantitative outcomes 
presented in Section 3.3 represent a synthesis of findings from the analyzed litera-
ture, presented as illustrative examples of typical effect sizes reported in mobile GBL 
research. This approach allows us to provide readers with a comprehensive overview 
of the field’s empirical findings while maintaining the focus on mapping the intellec-
tual structure and evolution of mobile GBL research through bibliometric indicators.

The primary database employed for this analysis was Scopus [30], [31], selected 
due to its extensive coverage of high-quality publications, particularly within the 
fields of computer science and social science. These areas closely align with the 
interdisciplinary nature of mobile technology and education. Additionally, Scopus’s 
advanced bibliometric tools [32], such as citation tracking and author profiling, facil-
itated a comprehensive mapping of the field’s intellectual structure, rendering it an 
ideal choice for this study.

To identify relevant literature, a meticulously formulated search query was 
devised, incorporating keywords pertinent to mobile technology, GBL, and 
education. The query employed was: TITLE-ABS-KEY ((“mobile learning” OR 
“m-learning” OR “mobile technology” OR “mobile devices” OR “smartphones” OR 
“tablets”) AND (“game-based learning” OR “GBL” OR “educational games” OR “seri-
ous games” OR “gamification”) AND (“education” OR “learning” OR “teaching”)). 
These terms were selected to specifically target studies addressing the intersection 
of mobile devices and game-based educational strategies.

To illustrate the methodological approach, this study followed the PRISMA 
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines 
that systematically outline the stages of study identification, screening, eligibility, 
and inclusion [33]. Figure 1 illustrates that the initial phase commenced with the 
identification of pertinent literature through an exhaustive search conducted on the 
Scopus database. A meticulously formulated search query, incorporating keywords 
related to mobile technology and GBL, was employed, resulting in the retrieval of 
1,987 records. This extensive search was designed to encompass a wide range of 
research potentially pertinent to the research focus, thereby establishing the foun-
dation for subsequent screening.
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Fig. 1. Selection process using PRISMA [33]

Following the identification phase, the filtering stage was implemented 
to refine the dataset. Of the initial 1,987 records, 15 duplicate entries were 
removed to eliminate redundancy. Additionally, 32 records were excluded by the 
automation tool, which identified them as ineligible based on predefined criteria. 
A total of 25 records were discarded for other unspecified reasons, potentially 
including irrelevance or incomplete data. Consequently, this process reduced 
the dataset to 1,915 records, which then advanced to the subsequent stage of  
examination.

During the eligibility assessment phase, a total of 1,915 screened reports were 
subjected to a comprehensive evaluation to determine their appropriateness for 
inclusion. In this process, 848 reports were excluded based on predefined criteria: 
383 reports were excluded due to their focus on disciplines other than computer 
science and social science; 112 reports were excluded because they were document 
types other than conference papers or journal articles, such as reviews and edi-
torials; 96 reports were excluded due to being published in languages other than 
English; and 257 reports were excluded because their publication dates fell out-
side the specified range of 2015 to 2024. This meticulous screening process ensured 
alignment with the study’s scope, resulting in 1,067 reports being deemed eligible 
for inclusion.
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3	 RESULT AND DISCUSSION

Research on mobile technology within the domain of GBL is experiencing a con-
sistent annual growth rate of 1.75%, as illustrated in Figure 2, based on a biblio-
metric analysis of 1,067 documents published between 2015 and 2024. The field’s 
adaptability to technological advancements is evident, with conference papers 
(620 out of 1,067 documents) surpassing journal articles in number. Collaboration is 
a fundamental aspect of this domain, with an average of 3.55 co-authors per docu-
ment contributing to innovation.

The thematic diversity of the field is demonstrated by 2,527 author keywords and 
3,736 Keywords Plus, encompassing mobile technologies, GBL methodologies, and 
educational contexts. With an average of 12.48 citations per document, the scholarly 
impact is moderate, while the 16.87% rate of international co-authorship indicates 
potential for increased global collaboration. Mobile GBL remains a dynamic area 
with significant potential for future educational impact.

Fig. 2. Article production over time

Figure 2 presents the annual publication count, highlighting a discernible increase 
from 2015 to 2019, followed by a decline until 2023, and a subsequent recovery in 
2024. The annual growth rates further elucidate this trend, indicating years of signif-
icant expansion (e.g., 25% in 2018) and contraction (e.g., -15.08% in 2021). The com-
pound annual growth rate (CAGR) of 1.75% encapsulates these variations, affirming 
a modest overall increase despite the observed fluctuations. While annual growth 
rates vary widely, from -15.08% to 25%, the data reflects resilience and adaptability 
in the research field over the decade.

3.1	 Key contributors

The intellectual framework of mobile GBL research is profoundly influenced 
by journals and conference proceedings, which facilitate scholarly communi-
cation. To ascertain the most influential sources, we analyzed key bibliometric 
indicators—h-index, total citations (TC), and number of publications (NP)—from 
the 50 sources enumerated in the dataset. The h-index quantifies both productivity 
and citation impact: a source with h-index n has n publications each cited at least 
n times. Total citations provide an indication of a source’s overall influence, whereas 
the number of publications reflects its level of activity within the field.
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Computers and Education leads with 1,255 citations and an h-index of 9 from 
11 publications since 2015. The journal’s m-index of 0.818 further underscores its 
consistent impact over the years. Close contenders include the Journal of Computer 
Assisted Learning (TC = 729, h-index = 7, NP = 11) and Education and Information 
Technologies (TC = 326, h-index = 11, NP = 16), the latter leading to the number of pub-
lications. Notably, proceedings such as the ACM International Conference Proceeding 
Series (NP = 52) and Lecture Notes in Computer Science (NP = 64) dominate in pub-
lication volume, but exhibit lower citation impact (TC = 245 and 219, respectively), 
reflecting the broader dissemination typical of conference proceedings rather than 
deep scholarly influence.

To delve deeper, Table 1 summarizes the top five journals by total citations, 
providing a snapshot of their impact:

Table 1. Top five journals by total citations

Source H-Index TC NP PY_Start

Computers and Education 9 1255 11 2015

Journal of Computer Assisted Learning 7 729 11 2015

Interactive Learning Environments 8 467 9 2015

Computers in Human Behavior 7 413 7 2015

Educational Technology Research and Development 7 364 8 2018

The data presented in Table 1 underscores the significant citation impact of 
Computers and Education, which nearly doubles the citations of the second-ranked 
Journal of Computer Assisted Learning. This indicates that articles published in 
Computers and Education are highly influential within the mobile GBL community, 
likely attributable to the journal’s emphasis on innovative educational technologies 
and its rigorous peer review process.

To illustrate the relationship between citation impact and publication activ-
ity, we developed a scatter plot (see Figure 3). In this plot, each point represents a 
source, with the x-axis indicating the NP and the y-axis representing TC. The size of 
each point corresponds to the h-index, providing a multi-dimensional perspective 
on impact.

Fig. 3. Scatter plot of source impact (TC vs. NP)
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Figure 3 demonstrates that Computers and Education exhibits a remarkable cita-
tion impact (TC = 1,255) despite having only 11 publications. This positions it signifi-
cantly above sources with a greater number of publications, such as Lecture Notes 
in Computer Science (NP = 64, TC = 219). This discrepancy highlights Computers and 
Education’s capacity to disseminate highly influential research, likely attributable to 
its emphasis on innovative educational technology research that resonates with the 
mobile GBL community.

The most significant insight from this analysis is the pivotal role of Computers 
and Education as a leading authority in mobile GBL research. Its substantial cita-
tion count and h-index, despite a moderate volume of publications, indicate 
that it serves as a foundational source for seminal works that influence the tra-
jectory of the field. Researchers and educators aiming to contribute to or draw 
from mobile GBL scholarship would benefit from prioritizing this journal, both 
as a repository of foundational knowledge and as a platform for disseminating 
impactful research.

3.2	 Mobile technology in game-based learning

Mobile technology has significantly transformed GBL by providing portable, 
accessible, and highly interactive platforms that enhance educational experiences. 
Over the past decade, the integration of mobile devices, including smartphones, 
tablets, and augmented reality (AR)/virtual reality (VR) systems, has transitioned 
GBL from static, classroom-bound activities to dynamic, context-aware learning 
environments [34], [35]. This section examines the evolution of mobile technol-
ogy in GBL, the tools and applications driving this transformation, and the emerg-
ing trends shaping its future, based on an analysis of recent studies spanning 
2015 to 2024.

The evolution of mobile technology in GBL signifies a transition from basic appli-
cations to advanced, immersive systems. Initial implementations, such as those 
observed in 2015, concentrated on fundamental mobile games such as “Blitzmerker” 
for idiom acquisition and “A Mobile Educational Game for Teaching Computer 
Architecture,” which utilized smartphones and tablets to deliver straightforward 
educational content [36], [37], [38]. These early initiatives exploited the portability 
of mobile devices to extend learning beyond conventional environments, providing 
students with opportunities for self-directed practice.

By 2024, mobile GBL has undergone significant advancements, integrat-
ing sophisticated technologies such as AR, VR, and artificial intelligence (AI). 
Research works, including “Exploring the Effect of Competing Mechanism in an 
Immersive Learning Game Based on Augmented Reality” and “Real-Time CNN 
Based Facial Emotion Recognition Model for a Mobile Serious Game,” underscore 
the transition towards immersive experiences that merge virtual and physical 
environments [39], [40], [41]. This progression is propelled by enhancements 
in hardware, such as faster processors and higher-resolution displays, as well 
as software improvements, including game engines such as Unity and machine 
learning algorithms. These developments facilitate more intricate interactions 
and personalized learning experiences. The shift from static two-dimensional 
games to interactive, context-sensitive applications illustrates how mobile tech-
nology has broadened the potential of GBL to engage learners across diverse 
educational settings.

https://online-journals.org/index.php/i-jim


	 170	 International Journal of Interactive Mobile Technologies (iJIM)	 iJIM | Vol. 19 No. 21 (2025)

Timor et al.

The tool diversity reflects an ecosystem offering both general-purpose platforms 
and curriculum-specific solutions. Generic tools such as Unity and HTML5 are widely 
adopted for their flexibility and cross-platform compatibility, as demonstrated by 
projects such as “Game-Based Mobile Application for Tarannum Learning” utiliz-
ing Corona SDK and “Creating Interactive Content in Android Devices: The Mokap 
Hackaton” employing Mokap [42], [43].

Furthermore, a variety of specialized applications have been developed to meet 
distinct educational requirements, including “Shaking-On” for English grammar, 
“Metal Demon Conqueror Game” for biochemistry, and “Hanapin At Kilalanin” 
for Philippine culture. These applications frequently integrate gamification ele-
ments and mobile-specific features to enhance user engagement and improve 
educational outcome. The integration of hardware is pivotal in mobile GBL with 
devices such as smartphones, tablets, and AR/VR headsets, which are central to 
the user experience. Research studies, such as “The Impact of Gamified AR Format 
on Engagement for Site Museum Tours” and “A Mobile Device Based Serious 
Gaming Approach for Teaching and Learning Java Programming,” illustrate how 
augmented reality and tablet interactivity can enrich learning experiences across 
various fields [44], [45].

Table 2. Key trends influencing mobile GBL

Trend Description Representative Studies Key Features

Immersive 
Technologies

Marked increase in augmented reality (AR) 
and virtual reality (VR) implementation, 
particularly accelerating post-2020

“KodeAR”; “Communicative Competence 
in Students with ASD”

AR/VR environments, sensory-
rich interfaces, immersive 
simulations

Gamification 
and 
Engagement

Persistent adoption of game mechanics 
as primary motivational strategy

“Hey StepByStep! Can You Teach 
Me How to Use My Phone Better?”; 
“A Gamified MOOC”

Leaderboards, digital badges, 
interactive narratives, progress  
tracking

Context-Aware  
Learning

Integration of location-based learning 
experiences utilizing mobile device 
capabilities

“Exploring Player Experience in Mobile 
Learning Through Location-Based Games”

GPS integration, geolocation 
services, real-world contextual  
mapping

Personalization 
and Artificial 
Intelligence

Implementation of adaptive learning 
systems utilizing AI technologies

“Promoting the Digital Transformation 
of STEM Education with the Mechanical 
Neural Network”

Machine learning algorithms, 
adaptive content delivery, 
individualized learning pathways

Focus on  
Diverse  
Learners

Expansion of mobile GBL applications 
to encompass underserved and specialized 
populations

“Enhancing English Alphabet 
Handwriting Skills in Preschool Children”; 
“Constructing Features for Screening 
Neurodevelopmental Disorders”

Age-appropriate interfaces, 
accessibility features, specialized 
pedagogical approaches

Table 2 presents an analysis of the dataset spanning from 2015 to 2024, elucidat-
ing several key trends that are shaping mobile GBL. These trends indicate a future 
trajectory where mobile GBL becomes increasingly immersive, personalized, and 
accessible, aligning with broader educational objectives of equity and engagement. 
Concurrently, Table 3 illustrates that mobile technology has revolutionized GBL by 
enhancing accessibility, interactivity, and personalization. The progression from 
basic applications to sophisticated AR/VR- and AI-driven systems reflects a response 
to learners’ demands for engaging and flexible education. Tools such as Unity and 
specific applications such as “Shaking-On” exemplify the diverse range of available 
options, while trends toward immersion, gamification, and inclusivity suggest a 
promising future.
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Table 3. Key mobile GBL applications and contexts

Application Name Educational Context Technology Used Key Outcome

Shaking-On English Grammar (K-12) Mobile App Reduced anxiety, improved flow

Metal Demon 
Conqueror Game

Biochemistry (Higher Ed) Mobile Game Enhanced concept understanding

Hanapin At Kilalanin Cultural Education Android Game Improved cognitive skills

KodeAR Programming (Children) AR, OCR Increased learning gain

EduCITY App Sustainable Development Mobile Game Promoted sustainability awareness

An analysis was conducted to discern trends in the application of technology 
within GBL, with a particular focus on the patterns of reference to mobile tech-
nology, AR, VR, AI, and gamification in article titles. This methodological approach 
serves to elucidate their roles in GBL over the past decade. The study encompassed 
an examination of 323 article titles from the period 2015 to 2024, concentrating on 
keywords and phrases indicative of specific technologies in GBL. Titles were system-
atically categorized based on the presence of terms related to mobile technology, 
AR and VR, AI, and gamification.

The methodology entailed quantifying the frequency of titles mentioning each tech-
nology category annually. This approach facilitated the tracking of the evolution of focus 
on different technologies in GBL over time. Keywords such as “mobile,” “smartphone,” 
and “app” were employed to identify references to mobile technology, while terms like 
“augmented reality,” “virtual reality,” and “mixed reality” were utilized for AR and VR. 
AI was identified through keywords such as “machine learning” and “neural network,” 
and gamification was tracked using terms such as “gamified” and “serious game.”

Figure 4 illustrates distinct trends in the utilization of technology within GBL, as 
evidenced by the titles of relevant articles. Mobile technology emerges as a consistent 
focal point throughout the decade, with frequent references to “mobile learning,” 
“mobile game,” and “mobile app.” This sustained emphasis on mobile technology 
indicates its foundational role in GBL, driven by the widespread availability of 
smartphones and tablets. The role of mobile technology has evolved from merely 
delivering games to supporting sophisticated applications involving AR, VR, and 
AI. This evolution is exemplified in 2024 article titles such as “Mobile Augmented 
Reality Techniques with Gamification to Enhance Learnability for Higher Institute 
Students of Chemistry Course.”

Fig. 4. Trends in technology use in GBL (2015–2024)
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The integration of AR and VR in GBL has demonstrated a notable increase, par-
ticularly post-2018. By 2024, 15 scholarly works reference AR/VR, such as “Exploring 
the Effect of Competing Mechanism in an Immersive Learning Game Based on 
Augmented Reality” and “KodeAR: An OCR-AR Experience to Aid in Programming 
Education for Children,” indicating a significant rise [39], [46]. This trend suggests 
a shift towards immersive learning environments that provide experiential and 
context-aware education. Such developments align with the demand for more 
engaging, hands-on learning experiences, as exemplified by titles like “Immersive 
Learning with Virtual Field Visits: Spherical Video-Based Virtual Reality of Factory 
Environments.” [47].

The prevalence of AI-related terminology in titles was minimal prior to 2019, but 
it has shown a consistent increase since then. In 2020, titles such as “An Example 
of an Algorithm to Add the Use of Intelligent Tutoring Systems to Serious Games 
for Cognitive Enhancement” signify the onset of AI integration [48]. This growing 
reference to AI indicates a trend towards personalized and adaptive GBL systems. 
AI facilitates features such as real-time feedback, emotion recognition, and custom-
ized content, as demonstrated by titles such as “Mastering Medical Terminology with 
ChatGPT and Termbot.” This suggests a future in which GBL is increasingly respon-
sive to the needs of individual learners [49].

Throughout the period under consideration, gamification has consistently 
emerged as a prominent theme, with terms such as “gamification,” “gamified,” and 
“game-based” appearing regularly. In 2015, titles such as “Promoting Sex Education 
among Teenagers Through an Interactive Game” exemplify early applications of 
this concept [50]. The persistent presence of gamification underscores its efficacy in 
sustaining learner engagement. Its integration with mobile technology, AR, and AI, 
as illustrated by works such as “Leveraging Gamification in Industry 5.0: Tailored 
Solutions for Workplace Employees,” demonstrates its adaptability to new techno-
logical contexts while maintaining its foundational role in GBL [51]. These insights 
suggest that future GBL research will likely focus on combining these technolo-
gies to create even more engaging, personalized and context-aware educational 
experiences.

3.3	 Synthesis of reported learning outcomes from mobile GBL literature

Mobile GBL constitutes an innovative pedagogical strategy that leverages the 
ubiquitous presence of mobile devices, such as smartphones and tablets, to facilitate 
engaging and effective educational experiences. By incorporating game mechanics 
into instructional content, mobile GBL transforms traditional, often passive, learning 
methodologies into dynamic and interactive processes [52], [53], [54].

It is important to note that the quantitative data presented in this section 
(Tables 4–5 and Figures 5–6) are NOT based on original empirical research con-
ducted by the authors. These values are illustrative syntheses extracted from 237 
published studies within our bibliometric analysis of 1,067 documents. They repre-
sent typical outcomes reported in the mobile GBL literature through median range 
synthesis, not formal meta-analytic effect sizes with statistical confidence intervals. 
This synthesis approach aims to demonstrate common patterns across the literature 
while acknowledging the limitations of bibliometric methodology.

This subsection examines the impact of mobile GBL on educational outcomes. The 
findings demonstrate that mobile GBL significantly enhances learning outcomes, pri-
marily due to its capacity to engage students through interactivity, personalization, 

https://online-journals.org/index.php/i-jim


iJIM | Vol. 19 No. 21 (2025)	 International Journal of Interactive Mobile Technologies (iJIM)	 173

Interactive Learning through Mobile GBL: A Decade of Research Insights

and contextual relevance. These mechanisms are supported by empirical data, 
presented herein through tables, charts, and figures, collectively underscoring the 
potential of mobile GBL as an effective educational tool.

The quantitative data presented synthesizes findings from 237 empirical stud-
ies within our 1,067-document corpus. This approach to presenting illustrative 
examples, rather than original empirical data, serves several important purposes 
in the context of our bibliometric study. By synthesizing outcomes from multiple 
peer-reviewed studies, we can demonstrate typical effect sizes and patterns that 
transcend individual study limitations, offering readers a more representative 
understanding of mobile GBL’s educational impact across diverse contexts.

The methodology for synthesizing these illustrative examples involved system-
atic extraction of quantitative outcomes from 237 studies within our dataset that 
reported clear learning gains, engagement metrics, or retention rates for mobile 
GBL interventions. These studies were selected based on their methodological rigor, 
including the presence of control groups or pre-posttest designs, adequate sample 
sizes, and publication in peer-reviewed venues.

The values presented in Tables 4–5 and Figures 5–6 represent weighted averages 
of reported effects, with greater weight given to studies with larger sample sizes 
and more robust methodologies, capturing typical outcomes within the interquartile 
range of all extracted data points. It is important to note that these synthesized values 
represent median ranges observed across studies rather than formal meta-analytic 
effect sizes, as we did not employ statistical meta-analysis techniques such as calcu-
lating pooled effect sizes, confidence intervals, or heterogeneity statistics.

For instance, the mathematics learning outcomes illustrated in Table 4 draw from 
multiple studies including Huang et al. (2017) and twelve additional papers focusing 
on K-12 mathematics education, which consistently reported improvements ranging 
from 15% to 25% when comparing mobile GBL to traditional methods. Similarly, 
the vocabulary retention data in Table 5 synthesizes findings from eighteen studies 
examining language acquisition through mobile GBL, with particularly strong evi-
dence from Komalawardhana et al. (2021) and Malik et al. (2020) demonstrating the 
superiority of personalized adaptive systems. The engagement patterns depicted in 
Figure 5 represent a synthesis of eight longitudinal studies tracking user interaction 
over three to six-week periods, while the conceptual understanding comparisons 
in Figure 6 draw from studies across environmental science, biology, chemistry, and 
physics education.

This synthesis bridges abstract research trends with concrete outcomes, provid-
ing benchmarks for mobile GBL implementation. Rather than presenting findings 
from a single empirical study that might be limited by specific contextual factors, 
these synthesized examples offer a more generalizable representation of mobile 
GBL’s effectiveness across varied educational settings, learner populations, and 
subject domains.

One of the distinguishing characteristics of mobile GBL is its interactivity, which 
necessitates that students engage actively in the learning process rather than pas-
sively absorb information. This active engagement promotes deeper cognitive 
processing, resulting in enhanced retention and comprehension of the material. 
For instance, a study involving primary school students learning mathematics 
through a mobile GBL application demonstrated significant performance improve-
ments. As illustrated in Table 4, students utilizing the interactive game-based appli-
cation achieved an average post-test score of 85%, representing a 20% increase from 
their pre-test scores, in contrast to a 9% improvement observed among peers using 
traditional worksheets.
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Table 4. Illustrative comparison of post-test scores in mathematics (synthesized from multiple studies 
in the literature review)

Group Average Pre-Test Score Average Post-Test Score Improvement (%)

Mobile GBL (n = 50) 65% 85% 20%

Traditional (n = 50) 66% 75% 9%

Notes: This table presents illustrative data synthesized from multiple mobile GBL studies identified 
in our bibliometric analysis, including works by Huang et al. (2017) [14], Komalawardhana et al.  
(2021) [15], and similar empirical studies. These values represent typical effect sizes reported in the  
literature and are not based on original data collection by the authors.

The findings presented in Table 4 indicate that the interactive characteristics of 
mobile GBL significantly enhance both immediate learning outcomes and long-term 
retention. This is attributed to students’ active engagement with concepts through 
problem-solving and decision-making processes. To further elucidate this effect, 
Figure 5 presents an illustrative synthesis of engagement patterns reported across 
multiple longitudinal studies of mobile GBL identified in our bibliometric analysis. 
The trend lines represent typical patterns observed in studies such as those by Huang 
et al. (2017) [14] and related research examining sustained engagement over four-
week periods. This is not based on original data collection but rather demonstrates 
common findings in the literature.

Fig. 5. Illustrative engagement levels over time: Mobile GBL vs. traditional methods 
(synthesized from longitudinal studies)

Personalization constitutes a notable advantage of mobile GBL. By adjusting dif-
ficulty levels, providing real-time feedback, and customizing content, mobile GBL 
ensures that learners are both challenged and supported. A study examining lan-
guage acquisition through a personalized mobile GBL platform demonstrates this 
benefit. As shown in Table 5, students engaging with the adaptive game achieved an 
average score of 88 on vocabulary retention assessments, compared to a score of 72 
for those using a non-personalized version.
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Table 5. Illustrative vocabulary retention scores (synthesized from language Learning GBL studies)

Group Average Retention Score (out of 100)

Personalized GBL (n = 40) 88

Non-Personalized GBL (n = 40) 72

Notes: These illustrative retention scores are synthesized from multiple studies on personalized mobile 
GBL for language acquisition found in our literature review, particularly drawing from research 
patterns identified in studies [15], [16], and related works examining adaptive learning systems. 
These are representative values, not original empirical data.

Table 5 demonstrates that personalization in educational settings enhances learn-
ing outcomes by addressing individual learner variability. This adaptability not only 
improves performance but also augments motivation, as students participate in a 
learning process perceived as relevant and responsive to their progress.

Mobile GBL further distinguishes itself by integrating educational content within 
contexts that align with students’ personal experiences or interests, thereby ren-
dering learning more relatable and impactful. This contextual relevance effectively 
bridges the gap between abstract concepts and practical applications, thereby 
enhancing both comprehension and retention. For example, a mobile GBL appli-
cation focused on environmental science immersed students in a virtual ecosystem 
where they made decisions impacting ecological balance. This method resulted in 
a superior conceptual understanding compared to traditional textbook learning, as 
illustrated in Figure 6.

Fig. 6. Illustrative conceptual understanding in environmental science (synthesized from science education 
GBL studies)

Figure 6 illustrates typical differences in conceptual understanding scores 
between mobile GBL and traditional textbook methods, as synthesized from mul-
tiple environmental science education studies in our literature review. The values 
shown (78/100 for Mobile GBL, 62/100 for Traditional Textbook) represent common 
effect sizes reported in studies examining contextual learning through mobile games. 
These are illustrative values drawn from the patterns identified in our bibliometric 
analysis, not original empirical data.
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The collective evidence substantiates that mobile GBL is an effective tool for 
enhancing educational outcomes. Interactivity fosters engagement and retention, 
personalization adapts the experience to individual needs, and contextual relevance 
links content to students’ real-world experiences. These mechanisms operate syn-
ergistically to establish a learning environment that is both effective and enjoyable. 
However, the findings are moderated by certain limitations, such as the specific 
demographics and short-term focus of the studies, which may limit their general-
izability. Future research should investigate diverse populations and longitudinal 
effects to further validate these results.

3.4	 Critical synthesis and implications

While our bibliometric analysis reveals consistent growth in mobile GBL research 
at 1.75% annually, this figure conceals significant volatility (-15.08% to 25% year-
over-year), suggesting a field driven more by technological trends than systematic 
pedagogical inquiry. The predominance of conference papers (58.1%) indicates rapid 
dissemination but raises concerns about methodological rigor. More troubling is the 
concentration of citation impact, with Computers & Education generating 23% of cita-
tions from only 1% of publications, potentially limiting methodological diversity and 
theoretical perspectives.

The evolution from basic mobile applications to sophisticated AR/VR and AI 
systems demonstrates technological progress, yet pedagogical approaches remain 
largely traditional. This technology-pedagogy gap reveals that researchers often pri-
oritize technical sophistication over educational innovation. Our synthesis of learn-
ing outcomes shows consistent positive effects—20% improvement in mathematics 
scores, superior vocabulary retention with personalized systems—but these gains 
derive primarily from small-scale, short-term studies lacking longitudinal follow-up.

The English-language, Scopus-focused analysis skews toward Western contexts, 
potentially excluding innovations from regions where mobile devices constitute pri-
mary learning technology. This is particularly problematic given that mobile learn-
ing’s greatest potential may lie in resource-constrained environments excluded from 
our analysis.

3.5	 Methodological limitations

Several methodological limitations constrain the interpretability and generaliz-
ability of our findings. The exclusive reliance on the Scopus database, while pro-
viding access to high-quality peer-reviewed literature, potentially excludes relevant 
research published in specialized educational technology databases, regional jour-
nals, or grey literature such as doctoral dissertations and technical reports. This 
exclusion may particularly affect our understanding of implementation challenges 
and failed interventions, which are less likely to appear in mainstream publication 
venues due to publication bias favoring positive results.

The 2015–2024 temporal boundary excludes foundational theoretical frame-
works established in earlier mobile GBL research. Furthermore, the COVID-19 pan-
demic’s impact on educational technology research during 2020–2024 may have 
introduced unique dynamics that skew our understanding of normal development 
patterns in the field. The pandemic-driven surge in digital learning adoption might 
have artificially accelerated certain research directions while neglecting others, 
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making it challenging to distinguish temporary responses to crisis from sustainable 
research trends.

3.6	 Implications for practice

For educators, evidence suggests mobile GBL effectiveness depends on curricu-
lar integration rather than standalone implementation. Success requires alignment 
between game mechanics and learning objectives, sustained engagement strate-
gies, and explicit connections to traditional instruction. Hidden costs extend beyond 
application purchases to include device management, connectivity, and ongoing 
support—factors often overlooked in initial adoption decisions.

Policymakers face the challenge of preventing mobile GBL from exacerbating 
educational inequalities. Infrastructure provision must extend beyond devices 
to include maintenance, updates, and technical support. The proliferation of edu-
cational games necessitates quality assurance mechanisms to help educators 
identify evidence-based applications. Current publication growth without cor-
responding implementation guidance creates a research-practice gap requiring 
immediate attention.

Researchers must address fundamental unanswered questions: learning transfer 
to traditional assessments, optimal game-education balance, collaborative learning 
design for individual devices, and long-term motivational impacts. The predomi-
nance of proof-of-concept studies must shift toward implementation science exam-
ining real-world effectiveness, scalability, and sustainability. Standardized reporting 
protocols would enhance synthesis capabilities and practical guidance.

Ethical considerations remain underexplored in current research. Data privacy, 
screen time, addictive design patterns, and educational commercialization require 
systematic investigation as mobile GBL adoption accelerates. AI integration raises 
additional concerns about algorithmic bias and appropriate use of learning analyt-
ics that demand proactive research attention. Future progress requires developing 
frameworks that leverage mobile affordances while addressing equity and imple-
mentation challenges. Without such integrated efforts, mobile GBL risks becoming 
another unfulfilled promise in educational technology’s history of innovations that 
failed to transform learning at scale.

Table 6. Recommended future research directions for mobile game-based learning

Research Priority Specific Research Questions Methodological Approaches Expected Outcomes

Longitudinal 
Impact Studies

What are the long-term retention rates of mobile GBL 
versus traditional methods?

How does sustained mobile GBL exposure affect 
learning motivation over academic years?

Do early mobile GBL experiences influence later 
academic performance?

Multi-year cohort studies
Repeated measures designs
Learning analytics tracking
Mixed-methods approaches

Evidence of sustained 
learning effects

Motivation 
trajectory models

Best practices for long-
term implementation

Large-Scale 
Implementation  
Research

What factors determine successful mobile GBL scaling 
across diverse educational systems?

How do infrastructure requirements vary across  
contexts?

What are the true total costs of ownership for mobile 
GBL programs?

Multi-site implementation studies
Cost-effectiveness analyses
Systems-level evaluation
Implementation science 

frameworks

Scalability guidelines
Infrastructure 

requirement matrices
ROI models for 

educational institutions

(Continued)
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Table 6. Recommended future research directions for mobile game-based learning (Continued)

Research Priority Specific Research Questions Methodological Approaches Expected Outcomes

Equity and  
Access Studies

How does mobile GBL impact learning gaps between 
different socioeconomic groups?

What design features make mobile GBL more accessible 
to learners with disabilities?

How can mobile GBL address educational needs 
in resource-constrained environments?

Comparative effectiveness  
research

Participatory design studies
Digital divide analysis
Inclusive design methodologies

Equity-centered design 
principles

Accessibility guidelines
Context-appropriate  

solutions

Cross-Cultural  
Validation

How do cultural factors influence mobile 
GBL effectiveness?

What adaptations are needed for global mobile 
GBL deployment?

How can local knowledge be integrated into mobile 
GBL design?

Cross-cultural comparative  
studies

Ethnographic research
Localization studies
Indigenous methodology 

integration

Cultural adaptation 
frameworks

Localization best practices
Globally applicable design 

principles

Learning 
Transfer Research

How well do mobile GBL skills transfer to traditional 
assessments?

What is the optimal balance between game elements 
and educational content?

How can mobile GBL support real-world skill  
application?

Transfer experiments
Authentic assessment development
Workplace/classroom observation
Competency-based evaluation

Transfer facilitation 
strategies

Assessment alignment  
methods

Real-world application  
evidence

Teacher 
Integration Studies

What professional development enables effective 
mobile GBL integration?

How do teacher beliefs about gaming 
affect implementation success?

What support systems do educators need 
for sustainable adoption?

Teacher action research
Professional development 

evaluation
Belief change studies
Community of practice analysis

PD curriculum models
Teacher support 

frameworks
Implementation toolkits

Ethical and 
Privacy Research

How can mobile GBL protect student data privacy 
while enabling personalization?

What are the ethical implications of AI-driven adaptive 
learning in games?

How do we address screen time concerns 
while maximizing learning benefits?

Privacy impact assessments
Ethical framework development
Policy analysis
Stakeholder consultation studies

Privacy-preserving design 
guidelines

Ethical frameworks 
for educational AI

Balanced screen time 
recommendations

Emerging 
Technology 
Integration

How can AR/VR enhance mobile GBL without creating 
new barriers?

What role should generative AI play in mobile 
GBL content creation?

How can blockchain support credentialing in 
game-based learning?

Experimental design studies
Technology acceptance research
Proof-of-concept development
Future scenario planning

Next-generation mobile 
GBL models

Technology integration 
frameworks

Innovation roadmaps

Table 6 synthesizes the research priorities identified throughout our analysis. 
These directions address critical gaps in current knowledge while acknowledging 
the methodological limitations inherent in bibliometric approaches. Researchers 
are encouraged to pursue these avenues using diverse methodological approaches, 
including those that capture insights beyond formal academic publications

4	 CONCLUSION

Through a comprehensive bibliometric analysis and evaluation of empirical data, 
this study elucidates the transformative impact of mobile technology on GBL within 
educational settings. By examining 1,067 documents published between 2015 and 
2024, the research identifies a consistent annual growth rate of 1.75%, indicative 
of sustained scholarly interest and investment in this field. The predominance of 
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conference papers, accounting for 620 of the analyzed documents, highlights the 
field’s rapid development, while the thematic diversity—evidenced by 2,527 author 
keywords and 3,736 Keywords Plus—demonstrates its extensive applicability across 
mobile technologies, GBL methodologies, and educational contexts.

The incorporation of advanced technologies, including AR, VR, and AI, has sig-
nificantly enhanced mobile GBL, facilitating immersive, interactive, and personal-
ized educational experiences. Empirical evidence substantiates its efficacy, with data 
indicating notable improvements in learning outcomes, such as a 20% increase in 
mathematics post-test scores and improved vocabulary retention. These improve-
ments are attributed to the interactivity, personalization, and contextual relevance 
of the technology. These features not only enhance engagement and comprehen-
sion but also effectively connect theoretical knowledge with practical application, 
thereby transforming traditional educational paradigms.

As mobile technology continues to advance and integrate into daily life, its poten-
tial to democratize education through GBL becomes increasingly significant. Mobile 
GBL democratizes education through accessible, personalized learning opportuni-
ties that promote educational equity. This study underscores the current trajectory 
and unexplored potential of the field, serving as a foundation for future research 
and collaboration. Ultimately, it positions mobile GBL as a catalyst for redefining 
educational practices, urging stakeholders to leverage its capabilities to shape a 
more equitable and effective global learning landscape.
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