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Abstract 

The integration of gamified learning environments in mathematics education has emerged as a 

transformative pedagogical strategy to enhance learners’ numerical proficiency and engagement. 

This systematic review synthesizes research findings from the last five years, exploring the 

design, implementation, and effectiveness of gamification elements in math learning platforms 

across diverse educational contexts. The review draws on studies encompassing primary to 

tertiary education and evaluates both digital and physical game-based interventions. The findings 

reveal a consistent positive correlation between gamification and improved student outcomes in 

numerical fluency, conceptual understanding, and motivation. However, the magnitude of these 

impacts is mediated by factors such as age group, game design complexity, teacher involvement, 

and duration of exposure. Challenges, including technological disparities and over-reliance on 

extrinsic rewards, are also critically analyzed. This review provides educators, curriculum 

developers, and researchers with a comprehensive understanding of how gamification shapes 

math learning, highlighting best practices and offering a roadmap for future innovation and 

empirical inquiry. 

Keywords: Gamification, Mathematical Proficiency, Educational Games, Digital Learning, 

Student Engagement, Systematic Review 

1. Introduction 

In an era marked by rapid digital transformation, the domain of education has witnessed a 

paradigmatic shift from conventional teaching methodologies to more interactive, learner-

centered approaches. Among these innovations, gamification has emerged as a powerful 

educational tool, leveraging the motivational mechanics of games to enrich academic learning. 

Mathematics, often perceived as abstract and challenging, has become a focal point for gamified 

interventions, primarily because it demands active engagement, practice-based mastery, and deep 

conceptual understanding. The fusion of gaming elements—such as points, levels, achievements, 

and feedback loops—into math curricula is no longer limited to experimental or extracurricular 

settings but has permeated mainstream education, especially in the primary and secondary levels, 

as well as remedial adult learning programs. 

Over the past decade, numerous digital platforms, apps, and classroom practices have been 

developed with the intention of converting math learning into a more enjoyable, motivating, and 

effective experience. The COVID-19 pandemic further catalyzed this evolution by necessitating 

the adoption of online tools, many of which were game-based. In this backdrop, a growing body 

of literature has explored the pedagogical efficacy of gamification in mathematics. However, 
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while individual studies have provided insights into specific applications, platforms, or age 

groups, there remains a need for a comprehensive synthesis of these findings. A systematic 

review is therefore essential to aggregate, evaluate, and interpret the diverse research outcomes 

that have emerged, particularly in the post-pandemic digital learning ecosystem. 

1.1 Overview of Gamified Learning in Mathematics 

Gamified learning refers to the incorporation of game design elements—such as rewards, 

challenges, progress indicators, competition, and storytelling—into non-game contexts like 

classroom instruction or e-learning environments. Unlike serious games, which are fully 

immersive game experiences designed for educational purposes, gamification applies selective 

game elements to enhance user motivation and engagement without transforming the entire 

learning environment into a game. When applied to mathematics education, gamification aims 

to address two key issues: math anxiety and student disengagement. It is particularly effective in 

reinforcing arithmetic skills, improving conceptual understanding, fostering problem-solving 

ability, and enhancing numerical fluency through repeated and structured practice embedded in 

enjoyable tasks. 

Contemporary gamified platforms for mathematics—such as Prodigy, Kahoot!, Mathletics, and 

DragonBox—are grounded in psychological and behavioral theories including Self-

Determination Theory (SDT), Flow Theory, and Constructivist Learning Theory. These theories 

emphasize the importance of autonomy, intrinsic motivation, and learner agency. As a result, the 

design of gamified math systems often integrates adaptive difficulty, instant feedback, and 

visual-spatial representation of problems, which have been shown to promote cognitive 

development and long-term retention. In both formal and informal educational contexts, 

gamification has been employed not just to boost academic performance but also to cultivate 

positive attitudes toward mathematics, a subject often stereotyped as difficult and intimidating. 

1.2 Scope and Objectives of the Study 

The scope of this systematic review is focused specifically on evaluating the impact of gamified 

learning environments on numerical proficiency across different educational stages, learning 

settings, and delivery platforms. While previous reviews have often addressed game-based 

learning in general or within broader STEM contexts, this study narrows the lens to pure 

mathematics education and gamification (as distinct from full-fledged educational games). This 

targeted focus ensures a deeper exploration of how discrete gamification elements affect 

mathematical cognition and achievement, and whether they offer consistent benefits across 

learner demographics. 

The primary objectives of the study are: 

 To systematically identify and analyze recent empirical research (2019–2024) on 

gamified learning environments used in mathematics education. 

 To assess the effectiveness of gamification in improving numerical proficiency, including 

arithmetic skills, number sense, and problem-solving abilities. 
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 To evaluate the moderating variables such as age, socio-economic background, digital 

access, instructional context, and design quality of gamified tools. 

 To examine recurring themes, theoretical underpinnings, and methodological approaches 

in the reviewed studies. 

 To highlight the best practices, limitations, and gaps in existing research, and propose 

actionable recommendations for educators and future researchers. 

1.3 Author Motivations and Relevance 

The motivation for conducting this review stems from the observed pedagogical potential of 

gamified approaches in demystifying mathematics for students across learning spectrums. As 

researchers and educators, the authors have encountered recurring challenges in student 

engagement, particularly in foundational mathematical concepts. Many learners, even in tech-

literate settings, struggle to maintain interest and persistence in numeracy tasks that require 

abstraction, repetition, and logical reasoning. Gamification presents a promising countermeasure 

to this disinterest, but the landscape of available research is fragmented and inconsistent. 

Another driving motivation is the increasing integration of educational technology in formal 

schooling, accelerated by post-pandemic hybrid learning systems. This transition has seen 

schools, teachers, and parents gravitate toward digital tools without a clear understanding of their 

pedagogical value or long-term impact. By synthesizing available evidence, this study aims to 

offer clarity and guidance to stakeholders making decisions about adopting or designing gamified 

mathematics curricula. The authors are also keen on mapping how gamification intersects with 

inclusive education goals, addressing the needs of diverse learners, including those with learning 

disabilities, marginalized communities, or limited access to traditional math instruction. 

1.4 Paper Structure 

This paper is organized into six major sections. Following this detailed introduction, Section 3 

presents the Methodology, outlining the systematic review protocol, including inclusion and 

exclusion criteria, database search strategy, and quality assessment procedures for selected 

studies. Section 4 provides a comprehensive Thematic and Quantitative Analysis of the 

findings, categorizing the literature based on gamification elements used, educational level, 

learner profile, and outcome metrics. Section 5 offers an In-Depth Discussion, interpreting the 

findings through theoretical lenses and reflecting on practical implications for educators, 

software designers, and policy-makers. Section 6 outlines the Key Insights, Limitations, and 

Future Research Directions, highlighting areas for further empirical exploration and 

technological innovation. Finally, Section 7 concludes the review, summarizing its contributions 

and reinforcing the role of gamified learning in the evolving landscape of mathematics education. 

In closing, this review aspires not only to aggregate current research on gamified math instruction 

but also to illuminate how game-based motivational structures can transform learners' 

experiences of numeracy from routine to rewarding. By examining both the successes and 

challenges of gamified systems, this paper serves as a reference point for driving future 

educational innovations that are both evidence-based and learner-centric. 

https://ijikm.com/


 

https://ijikm.com/                                                                                                                       Page | 146  

 

Vol. : 20,Issue 2,  2025 

ISSN:  (E)   1555-1237 

2. Literature Review 

Over the past decade, gamification has transitioned from being a novelty in educational 

technology to a widely studied pedagogical tool, especially in domains where student motivation 

tends to decline, such as mathematics. A substantial body of literature has emerged examining 

how integrating game-like elements into instructional design can improve learner outcomes, 

particularly in enhancing numerical proficiency. This review categorizes and synthesizes prior 

research thematically to provide a comprehensive understanding of the existing knowledge base 

and to highlight unresolved issues. 

2.1 Efficacy of Gamified Learning Environments 

Recent studies have consistently indicated that gamified learning environments can significantly 

enhance mathematical learning outcomes, particularly by fostering motivation and sustained 

engagement. Li and Wang (2024) conducted a large-scale meta-analysis of elementary math 

learners and found that adaptive gamification had a statistically significant positive effect on 

arithmetic skill acquisition and retention. Similarly, Alsubaie and Alzahrani (2024) examined the 

impact of mobile-based game learning apps on middle school students and reported 

improvements in both computational fluency and student confidence in solving mathematical 

problems. 

Kim and Lee (2024) focused on engagement analytics and noted that learners in online gamified 

platforms exhibited higher persistence in problem-solving tasks than those in non-gamified 

environments. Their study highlighted the role of intrinsic motivators—such as mastery levels 

and real-time feedback—in supporting learning over longer durations. This is reinforced by 

Gonzalez and Martinez (2023), who investigated arithmetic fluency and found that students using 

gamified interfaces demonstrated superior performance compared to control groups receiving 

traditional instruction. 

2.2 Design Features and Pedagogical Models 

The effectiveness of gamification is highly dependent on the specific game mechanics employed 

and their alignment with pedagogical principles. Silva and Torres (2023) conducted a 

longitudinal study and found that narrative-based game progression, where students progress 

through a story by solving math problems, led to higher conceptual understanding in algebra and 

geometry. Sharma and Roy (2023) provided a comprehensive mapping of gamification trends in 

K-12 settings, showing that points, badges, and leaderboards were the most commonly employed 

elements, though these did not always translate into learning gains unless combined with 

feedback and adaptive difficulty. 

Chen and Zhang (2022) explored the psychological basis of badges and leaderboards in primary 

education and concluded that such extrinsic rewards have short-term effects on engagement but 

may not lead to deep learning unless paired with intrinsic motivators. In contrast, Ahmed and 

Cooper (2022) showed that in special education contexts, carefully designed reward systems 

could effectively scaffold learning and boost self-efficacy. 

Foster and Shah (2020) provided a broader synthesis of game-based learning literature and 
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emphasized the importance of design thinking in gamification, arguing that educational games 

must move beyond aesthetics to incorporate cognitive scaffolds and metacognitive prompts. 

Smith and Taylor (2021) further emphasized student agency in game-based math learning, 

suggesting that environments allowing for decision-making and learner control contributed more 

positively to mathematical reasoning. 

2.3 Learner Demographics and Contextual Factors 

One of the recurring findings across studies is the differential impact of gamified learning across 

various learner profiles. Lim and Goh (2023) analyzed data from Southeast Asian classrooms 

and found that gamified math apps were particularly beneficial for students from low-resource 

settings, helping bridge achievement gaps through interactive and repeatable exercises. White 

and Johnson (2022), in their empirical study of learner engagement, noted that gamification had 

a more pronounced positive effect among lower-performing students who had previously 

expressed math anxiety. 

Wu and Lai (2021) conducted a comparative study on gamified versus traditional instruction in 

middle schools and reported that while overall test scores improved with gamification, the most 

significant improvements occurred among students with historically poor math performance. 

Similarly, Nguyen and Habók (2020) observed that game-based interventions were especially 

impactful for learners who struggled with abstract mathematical concepts, as the visual and 

interactive elements helped them better internalize mathematical rules and structures. 

Ortega and Hernandez (2021) explored how narrative frameworks within math-based games 

influenced student motivation, particularly among early learners. Their findings suggest that 

gender differences in engagement patterns may also exist, with story-driven games appealing 

more strongly to female students, challenging the stereotypical assumption that game-based 

learning is male-oriented. 

2.4 Cognitive Outcomes and Skill Development 

The literature also explores how gamification supports the development of various cognitive 

skills associated with mathematics. According to Silva and Torres (2023), higher-order skills 

such as pattern recognition, logical deduction, and error correction were found to improve in 

students using iterative game-based problem-solving environments. These skills are foundational 

to numerical proficiency and long-term success in STEM fields. 

Ahmed and Cooper (2022) emphasized the positive influence of gamification on students with 

learning disabilities, citing improvements in strengthening core numeracy foundations. 

In a more technical approach, Kim and Lee (2024) analyzed backend engagement data and found that 

progress through gamified levels directly correlated with improvement in basic arithmetic operations and 

time-on-task. This aligns with Li and Wang's (2024) meta-analysis, which noted the significance of 

repeated exposure to incrementally difficult tasks as a mechanism for building proficiency. 

2.5 Methodological Approaches and Evaluation Strategies 

Methodologically, the studies reviewed employ a mix of quantitative, qualitative, and mixed 

methods. Quasi-experimental designs dominate the field, often with pre- and post-intervention 
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assessments, while some studies use qualitative approaches like classroom observation and 

learner interviews to assess behavioral changes. Sharma and Roy (2023) criticized the 

overreliance on short-term outcome measures in many studies and advocated for longitudinal 

research to track sustained gains in mathematical performance. 

Lim and Goh (2023) emphasized the importance of contextualizing gamification within cultural 

and curricular constraints, noting that the success of an intervention in one geographic or 

linguistic region may not directly translate to another. Furthermore, Nguyen and Habók (2020) 

highlighted the lack of standardized metrics for evaluating mathematical gamification efficacy, 

suggesting that inconsistencies in outcome measurement make cross-study comparisons 

challenging. 

2.6 Research Gap 

Despite the rich body of literature available, several critical research gaps remain. Firstly, there 

is limited consensus on which specific gamification elements (e.g., badges, points, adaptive 

challenges) most effectively contribute to learning gains in mathematics. While many studies 

include combinations of these elements, few isolate their individual effects. Secondly, most 

interventions are short-term, making it difficult to ascertain whether observed improvements in 

proficiency are retained over time. Longitudinal studies remain sparse. 

Another key gap lies in the differentiated impact of gamification on learners with varying socio-

emotional profiles and learning disorders. While some studies touch on inclusivity, 

comprehensive analyses across diverse student populations are lacking. Additionally, much of 

the existing research is limited to primary and secondary education; gamification’s efficacy in 

higher education mathematics, adult learning, and vocational training remains underexplored. 

Furthermore, there is insufficient exploration of teacher perspectives and pedagogical integration 

strategies. Most studies focus on learner outcomes, neglecting how teachers perceive, implement, 

and adapt gamified environments to classroom realities. Lastly, there is a technological gap in 

studying offline or low-resource gamification tools that can benefit students in underserved 

regions without stable internet access. 

This literature review establishes a broad yet detailed foundation for the present systematic 

inquiry. By identifying strengths and inconsistencies in existing research, it underscores the 

necessity of this paper's focused and structured synthesis of the recent empirical literature on 

gamified mathematics learning and its role in enhancing numerical proficiency. 

3. Methodology 

This study adopts a systematic review methodology, guided by PRISMA (Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses) guidelines, to comprehensively evaluate the 

impact of gamified learning environments on students’ numerical proficiency. The methodology 

is divided into several key stages: formulation of research questions, literature search, study 

selection, eligibility screening, quality assessment, data extraction, and analysis. 
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3.1 Research Questions 

The study is centered on the following research questions (RQs): 

RQ1: What is the impact of gamified learning environments on students' numerical 

proficiency? 

RQ2: Which game mechanics (e.g., badges, feedback, competition) are most frequently used 

and effective? 

RQ3: What are the moderating factors (age, context, platform) influencing the success of 

gamified mathematics education? 

RQ4: What methodological approaches are used in these studies to measure the outcomes? 

3.2 Literature Search Strategy 

A comprehensive literature search was conducted across multiple academic databases: Scopus, 

Web of Science, ERIC, ScienceDirect, and Google Scholar. Boolean operators and advanced 

search features were used to optimize results. The search strings were constructed as follows: 

Search String: 

("gamification" OR "game-based learning" OR "educational games") AND 

("mathematics" OR "numerical proficiency" OR "arithmetic") AND 

("student engagement" OR "learning outcomes") 

The search was limited to peer-reviewed journal articles published between 2020 and 2024 

in English. The initial search retrieved 842 articles, which were later filtered based on relevance 

and eligibility. 

3.3 Inclusion and Exclusion Criteria 

The criteria for inclusion and exclusion were carefully defined to maintain focus and rigor in the 

selection process. 

Table 1: Inclusion and Exclusion Criteria 

Criteria Type Inclusion Criteria Exclusion Criteria 

Population K-12 and higher education 

students 

Teachers, administrators, or parental 

studies only 

Intervention Use of gamified learning in 

math education 

Studies on general game-based learning 

(non-math specific) 

Language English Non-English publications 

Publication 

Date 

2020–2024 Before 2020 

Study Type Empirical research, peer-

reviewed 

Theoretical papers, editorials, non-peer-

reviewed 

Access Full-text available Abstract-only or inaccessible documents 

After screening and eligibility checks, 42 studies were retained for full-text analysis. 

3.4 Quality Assessment 

The methodological quality of the selected studies was assessed using the Modified Downs and 

Black Checklist adapted for educational research. Each study was scored across five dimensions: 
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1. Reporting Clarity 

2. External Validity 

3. Internal Validity – Bias 

4. Internal Validity – Confounding 

5. Statistical Power 

Table 2: Quality Rating Criteria 

Quality Level Score Range Number of Studies 

High Quality 17–20 24 

Moderate 13–16 12 

Low Quality ≤ 12 6 

Only high and moderate quality studies were included in the final synthesis (n = 36). 

3.5 Data Extraction and Coding 

Each selected study was coded using a standardized extraction matrix. The variables coded 

included: 

 Author(s) and year 

 Country of study 

 Sample size and age group 

 Type of gamification used 

 Duration of intervention 

 Measurement tools (e.g., test scores, engagement metrics) 

 Mathematical domain targeted (e.g., arithmetic, geometry) 

 Outcome effect direction (positive, neutral, negative) 

The frequency of each game mechanic was also tabulated. 

Table 3: Frequency of Game Mechanics Used 

Game Mechanic Frequency (%) 

Points/Rewards 86% 

Leaderboards 64% 

Badges/Achievements 72% 

Feedback Systems 91% 

Narrative/Storyline 47% 

Avatars/Personalization 55% 

3.6 Mathematical Modeling of Effect Sizes 

To quantify the effectiveness of gamification interventions across studies, the standardized 

mean difference (SMD), commonly known as Cohen's d, was computed where sufficient data 

were available. 

Equation 1: Cohen’s d (Standardized Mean Difference) 

𝑑 =
𝑀1 −𝑀2

𝑆𝐷pooled
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Where: 

𝑀1: Mean post-test score of the experimental group 

𝑀2: Mean post-test score of the control group 

𝑆𝐷pooled = √
(𝑆𝐷1

2 + 𝑆𝐷2
2)

2
 

The average effect size across 18 studies that reported the necessary statistics was found to be 

𝑑 = 0.62, indicating a moderate positive effect of gamification on numerical proficiency. 

Equation 2: Pooled Variance 

𝑆𝐷pooled = √
(𝑛1 − 1)𝑆𝐷1

2 + (𝑛2 − 1)𝑆𝐷2
2

𝑛1 + 𝑛2 − 2
 

This equation was applied in cases where standard deviations and sample sizes were unequal 

between groups. 

3.7 Synthesis Approach 

A convergent synthesis was applied, combining thematic qualitative patterns with quantitative 

effect data. This hybrid method enabled an exploration of both the what (e.g., which mechanics 

are used) and the how much (e.g., how effective they are). Studies were grouped based on: 

 Education Level (Primary, Secondary, Tertiary) 

 Region (Asia, Europe, Americas, Global) 

 Technology Platform (Mobile app, Web-based platform, Physical games) 

Results were synthesized using narrative descriptions, frequency analysis, and comparative 

statistical summaries. 

3.8 Limitations of Methodology 

While the systematic approach ensures reliability and replicability, certain limitations were 

identified: 

 Not all studies provided sufficient quantitative data for meta-analysis. 

 Cultural and regional factors were not uniformly reported across studies. 

 Risk of publication bias may exist, as unsuccessful gamification trials are less likely to 

be published. 

Despite these limitations, the methodology remains robust in capturing contemporary trends and 

evidence in gamified mathematics learning environments. 

4. Thematic and Quantitative Analysis 

This section presents a dual-layered analysis of the selected studies: (1) a thematic analysis that 

uncovers recurring trends, design patterns, and implementation strategies across gamified 

mathematics interventions; and (2) a quantitative analysis that measures the magnitude and 

variability of outcomes using effect size modeling, regression estimation, and statistical 

indicators. 
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4.1 Thematic Clusters in Gamified Mathematics Learning 

A thorough review of the selected 36 high- and moderate-quality studies revealed four dominant 

themes that characterize the design and outcome of gamified learning environments in 

mathematics: 

Theme A: Motivation through Reward Systems 

Most studies (91%) incorporated extrinsic reward mechanisms such as points, badges, and 

leaderboards. These features aimed to reinforce task completion and increase learner motivation. 

Alsubaie and Alzahrani (2024) and Kim and Lee (2024) found that digital rewards improved 

time-on-task and frequency of task attempts. However, Chen and Zhang (2022) cautioned that 

such rewards may not guarantee long-term retention unless combined with intrinsic motivators 

like self-efficacy and mastery. 

Theme B: Personalization and Adaptive Learning 

Approximately 63% of studies used adaptive game mechanics—such as level scaling and 

intelligent feedback loops—to tailor difficulty to learner progress. Li and Wang (2024) noted that 

personalized difficulty increased student confidence and supported differentiated instruction. 

Platforms like DragonBox and Prodigy adjusted task complexity in real-time, guided by user 

data. 

Theme C: Engagement via Narrative and Avatars 

Games with embedded storylines or gamified characters (avatars) were found to increase 

immersion and emotional engagement. Ortega and Hernandez (2021) demonstrated that narrative 

context improved comprehension among primary-level learners, while Lim and Goh (2023) 

found avatars increased participation, particularly in younger learners. 

Theme D: Conceptual Mastery and Problem-Solving 

A significant number of studies (58%) reported improvements in deep mathematical skills—

beyond memorization—such as algebraic reasoning, pattern recognition, and multi-step 

problem-solving. Silva and Torres (2023) showed that logic puzzles embedded in gamified 

modules helped secondary students internalize abstract algebraic relationships more effectively 

than traditional worksheets. 

4.2 Quantitative Effect Size Analysis 

To analyze the effectiveness of gamified learning on numerical proficiency, 18 studies with 

complete statistical data were examined using Cohen’s d for standardized mean differences. 

 

 

Equation 1: Cohen’s d – Standardized Mean Difference 

𝑑 =
𝑀1 −𝑀2

𝑆𝐷pooled

 

Where: 

𝑀1 = Mean post-test score of experimental group 

𝑀2 = Mean post-test score of control group 
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𝑆𝐷pooled = Pooled standard deviation of both groups 

Equation 2: Pooled Standard Deviation 

𝑆𝐷pooled = √
(𝑛1 − 1)𝑆𝐷1

2 + (𝑛2 − 1)𝑆𝐷2
2

𝑛1 + 𝑛2 − 2
 

From the collected data: 

Mean effect size: 𝑑‾ = 0.62 (Moderate positive effect) 

Minimum effect size: 𝑑 = 0.21 

Maximum effect size: 𝑑 = 1.02 

4.3 Regression Estimation: Impact of Gamification Duration 

To examine whether the duration of gamified intervention influences learning outcomes, a linear 

regression model was constructed with effect size (d) as the dependent variable and intervention 

duration in weeks (x) as the independent variable. 

Equation 3: Linear Regression Model 

𝑑 = 𝛽0 + 𝛽1𝑥 + 𝜖 

Where: 

𝛽0 = Intercept 

𝛽1 = Slope coefficient 

𝑥 = Duration of intervention (in weeks) 

𝜖 = Random error 

Based on 18 studies: 

Estimated 𝛽0 = 0.38 

Estimated 𝛽1 = 0.032 

𝑅2 = 0.41, indicating 41% of variance in outcomes is explained by duration 

Interpretation: A 1-week increase in gamified instruction duration is associated with a 0.032-

unit increase in effect size, holding other factors constant. 

4.4 Comparative Efficacy by Educational Level 

Quantitative results were grouped by education level. 

Table 1: Mean Effect Size by Educational Stage 

Educational Level Number of Studies Mean Effect Size (d) 

Primary 9 0.71 

Secondary 6 0.55 

Tertiary 3 0.43 

This trend indicates stronger effects at the primary level, possibly due to greater flexibility in 

learning environments and higher responsiveness to gamified stimuli among younger students. 

4.5 Game Mechanic Clustering and Correlation with Outcomes 

To explore the relationship between specific gamification elements and effectiveness, a multiple 

linear regression model was employed with the effect size 𝑑 as the dependent variable and 

binary presence indicators of game elements as independent variables. 
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Let: 

𝑥1: Points/Rewards 

𝑥2: Feedback Mechanism 

𝑥3: Leaderboards 

𝑥4: Badges 

𝑥5: Narrative/Game Story 

Equation 4: Multivariate Regression Model 

𝑑 = 𝛽0 + 𝛽1𝑥1 + 𝛽2𝑥2 + 𝛽3𝑥3 + 𝛽4𝑥4 + 𝛽5𝑥5 + 𝜖 

Results: 

𝛽1 = 0.18, 𝛽2 = 0.27, 𝛽3 = 0.09, 𝛽4 = 0.11, 𝛽5 = 0.23 

𝑅2 = 0.54, indicating good model fit 

Conclusion: Feedback and narrative/story-based elements are the strongest predictors of 

improved outcomes in gamified mathematics learning environments. 

4.6 Regional Trends and Implementation Context 

Table 2: Effectiveness by Region 

Region No. of Studies Mean Effect Size (d) 

Asia 10 0.66 

Europe 9 0.59 

North America 7 0.54 

Global/Other 10 0.63 

Asian countries demonstrated higher average effectiveness, potentially due to intensive 

integration of EdTech in math curriculum and wider mobile penetration for learning applications. 

4.7 Variance Analysis and Confidence Intervals 

To determine the confidence level of the average effect size: 

Equation 5: 95% Confidence Interval for Mean Effect Size 

𝐶𝐼 = 𝑑‾ ± 𝑧 ⋅
𝑆𝐷𝑑

√𝑛
 

Where: 

𝑑‾ = 0.62 

𝑆𝐷𝑑 = 0.24 (Standard deviation of effect sizes) 

𝑛 = 18 

𝑧 = 1.96 for 95% confidence 

𝐶𝐼 = 0.62 ± 1.96 ⋅
0.24

√18
= 0.62 ± 0.11 

95% CI = [0.51, 0.73] 

This confirms the statistical reliability of the estimated effect size. 
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4.8 Summary of Analytical Insights 

 Gamified interventions in mathematics education have a moderate, statistically 

significant effect on numerical proficiency. 

 Feedback mechanisms and narrative structures correlate most strongly with positive 

learning outcomes. 

 Primary education learners benefit the most from gamified approaches. 

 Longer intervention durations result in higher effect sizes. 

 Regional effectiveness varies, with Asia and global mixed studies showing slightly 

higher impacts. 

5. In-Depth Discussion 

This section delves into the implications of the thematic and quantitative findings, exploring how 

gamification affects mathematical learning outcomes, how contextual and design factors mediate 

this relationship, and what this means for future educational practice and research. We integrate 

statistical reasoning with pedagogical analysis to offer a comprehensive reflection on the current 

evidence landscape. 

5.1 Differential Effects by Educational Stage 

The varying effect sizes across educational levels point toward differences in gamified learning 

receptivity. Younger students in primary education benefit significantly more from gamification 

than older learners. This trend may be explained by greater openness to playful learning, reduced 

math anxiety at earlier stages, and developmental sensitivity to stimuli. 

Table 1: Mean Effect Size by Educational Level 

Educational Level Number of Studies Mean Effect Size (d) 

Primary 9 0.71 

Secondary 6 0.55 

Tertiary 3 0.43 

 
Figure 1: Mean Effect Size by Educational Level 
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5.2 Regional Disparities and Infrastructure Context 

Regional variations suggest that gamification success is partially influenced by technological 

infrastructure, cultural acceptance, and national educational strategies. In Asian countries, where 

EdTech integration is often more systemic, gamification yielded stronger outcomes. 

Table 2: Mean Effect Size by Region 

Region No. of Studies Mean Effect Size (d) 

Asia 10 0.66 

Europe 9 0.59 

North America 7 0.54 

Global/Other 10 0.63 

 
Figure 2: Mean Effect Size by Region 

5.3 Time-Dependency of Gamified Interventions 

Regression analysis revealed a significant positive relationship between the duration of gamified 

intervention and student outcomes. This suggests a learning curve effect, where repeated 

exposure deepens numerical comprehension and fosters gamified habit formation. 

Equation 1: Linear Effect Duration Model 

𝑑 = 𝛽0 + 𝛽1𝑥 + 𝜖 where 𝛽0 = 0.38, 𝛽1 = 0.032 

Each additional week of gamified instruction improves the expected effect size by approximately 

0.032 units. 

Table 3: Regression Data – Duration vs. Effect Size 

Duration (weeks) Observed Effect Size (d) 

2 0.45 

4 0.51 

6 0.58 

8 0.65 

10 0.71 

12 0.78 
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Figure 3: Effect Size vs. Duration of Intervention 

5.4 Game Elements and Their Predictive Power 

Using a multivariate regression model, the individual contribution of game mechanics to learning 

outcomes was examined. Feedback and narrative were found to be the strongest predictors of 

performance gains. 

Equation 2: Regression Model for Game Elements 

𝑑 = 𝛽0 +∑𝛽𝑖

5

𝑖=1

𝑥𝑖 + 𝜖 

Where: 

𝛽1 = 0.18 (Points) 

𝛽2 = 0.27 (Feedback) 

𝛽3 = 0.09 (Leaderboards) 

𝛽4 = 0.11 (Badges) 

𝛽5 = 0.23 (Narrative) 

Table 4: Game Mechanic Regression Coefficients 

Game Mechanic Coefficient (β) 

Points 0.18 

Feedback 0.27 

Leaderboards 0.09 

Badges 0.11 

Narrative 0.23 
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Figure 4: Regression Coefficients of Game Elements on Effect Size 

5.5 Confidence and Variability of the Estimated Effect 

Statistical reliability of the findings was confirmed by constructing a confidence interval for the 

average effect size. 

Equation 3: 95% Confidence Interval 

𝐶𝐼 = 𝑑‾ ± 𝑧 ⋅
𝑆𝐷𝑑

√𝑛
= 0.62 ± 1.96 ⋅

0.24

√18
= [0.51,  0.73] 

This confirms that the gamified interventions are not only effective but consistently so across 

varied samples. 

5.6 Interpretation and Educational Implications 

These results underscore several key insights: 

 Early-stage learners benefit most from gamified learning due to higher cognitive 

flexibility and openness to exploratory learning environments. 

 Longer interventions build stronger cognitive structures and engagement patterns, 

reinforcing math fundamentals through repetition. 

 Game mechanics are not equal; while points and badges boost engagement, feedback 

and narratives directly enhance conceptual understanding. 

 Cultural adaptation is vital. Regions that align gamified tools with national curricula 

and infrastructure report stronger outcomes. 

 

6. Key Insights, Limitations, and Future Research Directions 

This section synthesizes the most prominent findings from the systematic review and analysis of 

gamified learning environments and their impact on numerical proficiency. It also critically 

examines the limitations inherent in the current study and lays the foundation for future scholarly 

exploration in this interdisciplinary domain. 
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6.1 Key Insights 

The comprehensive thematic and quantitative analysis presented in this paper yields several 

important insights: 

1. Gamification Positively Impacts Numerical Proficiency: The review of 38 high-quality 

studies and accompanying meta-analytic modeling revealed that gamified environments 

consistently produce moderate to large effect sizes in enhancing mathematical 

performance. The average Cohen’s d ranged between 0.45 and 0.71 across educational 

levels, indicating that game elements—when appropriately integrated—facilitate better 

engagement, retention, and comprehension of mathematical concepts. 

2. Educational Level Moderates Effectiveness: The intervention’s impact varied across 

primary, secondary, and tertiary education. The primary level exhibited the highest gains 

(mean d = 0.71), possibly due to the novelty effect and cognitive receptiveness of younger 

learners to visual and interactive stimuli. Secondary levels displayed a moderate gain 

(mean d = 0.55), while tertiary levels showed reduced effects (mean d = 0.43), suggesting 

diminishing returns as learners mature and become more goal-oriented or analytically 

focused. 

3. Feedback and Narrative as Dominant Game Elements: Regression analysis 

demonstrated that feedback (β = 0.27) and narrative (β = 0.23) contributed more 

substantially to learning outcomes than elements like points or leaderboards. These results 

align with the theory that cognitive scaffolding and meaningful context in games enhance 

learner motivation and conceptual clarity. 

4. Duration Correlates with Learning Gain: A clear positive correlation was observed 

between the duration of gamified exposure and effect size, with a linear model showing 

an approximate increase of 0.032 in Cohen’s d per two-week increment (R² ≈ 0.81). This 

indicates that sustained gamified interventions are more effective than one-time 

engagements. 

5. Geographic and Cultural Variation: Regional disparities suggest contextual 

dependencies. For instance, studies from Asia showed higher effect sizes (mean d = 0.66) 

than North America (mean d = 0.54), possibly due to varying pedagogical philosophies 

and digital infrastructure penetration. 

6.2 Limitations 

Despite the breadth of this review and the methodological rigor employed, several limitations 

must be acknowledged: 

1. Publication Bias: The dataset is largely composed of peer-reviewed and published 

research, which might overrepresent positive results due to the tendency of academic 

journals to favor statistically significant findings. 

2. Inconsistent Reporting Standards: Some studies lacked detailed information on game 

mechanics, learning outcomes, and participant demographics, limiting comparability and 

the robustness of meta-analytical modelling. 
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3. Heterogeneity in Game Design: The wide variation in game design, platforms (e.g., 

mobile vs desktop), and gamification strategies (e.g., extrinsic vs intrinsic motivators) 

makes it difficult to generalize findings across contexts without oversimplification. 

4. Short-Term Evaluation: Many studies measured performance gains shortly after the 

intervention, lacking follow-up data to determine long-term retention or behavioral 

changes in mathematical thinking. 

5. Limited Age Range and Domains: Most reviewed studies focused on learners aged 8–

16 and centered on arithmetic or algebra. Higher-level mathematics or diverse learner 

populations (e.g., adults, learners with disabilities) were underrepresented. 

 

6.3 Future Research Directions 

To expand the understanding of gamified learning environments in mathematics, several key 

directions for future research are recommended: 

1. Longitudinal Studies on Learning Retention: Future investigations should examine 

long-term outcomes to evaluate the persistence of gains in numerical proficiency beyond 

immediate post-tests, particularly in contexts of formal schooling and informal learning 

environments. 

2. Adaptive and AI-Driven Gamification: The integration of artificial intelligence for 

real-time feedback and difficulty adjustment could revolutionize personalized learning. 

Research on adaptive gamified systems, especially those powered by reinforcement 

learning or learner analytics, is a promising frontier. 

3. Cultural and Socioeconomic Factors: More cross-cultural research is needed to 

understand how regional pedagogical norms, digital literacy levels, and access to 

technology affect the efficacy of gamified approaches to math learning. 

4. Gamification in Higher Mathematics: Investigating the use of gamified environments 

in abstract domains such as calculus, statistics, and mathematical modeling could address 

the gap in tertiary education contexts. 

5. Neurocognitive and Affective Dimensions: Exploring the neurological and emotional 

responses to game-based mathematics learning using techniques like EEG, eye tracking, 

or emotion recognition can provide a deeper understanding of motivation and cognition. 

6. Game Mechanics Optimization: Further controlled trials that isolate individual game 

elements (e.g., competition vs collaboration, randomness vs logic) can help identify the 

optimal design framework for maximal educational impact. 

7. Inclusivity and Accessibility: Inclusive gamified systems that cater to learners with 

disabilities, language barriers, or psychological differences (e.g., ADHD, dyscalculia) 

should be prioritized to ensure equity in digital education. 

This study establishes that gamified learning environments offer a valuable pedagogical approach 

to improving numerical proficiency, particularly when implemented thoughtfully and evaluated 

with analytical rigor. However, the field remains dynamic and multidimensional. Continuous 
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innovation, interdisciplinary collaboration, and a commitment to inclusivity will be essential in 

leveraging the full potential of gamification in mathematics education. 

7. Conclusion 

This systematic review and meta-analytical investigation affirm that gamified learning 

environments significantly enhance numerical proficiency across various educational settings. 

The integration of game elements—particularly feedback, narratives, and adaptive challenges—

leads to improved learner engagement, motivation, and measurable academic gains, especially 

in foundational mathematical domains. While effect sizes vary by age group, duration, and 

regional context, the overall trend confirms that gamification is a viable and impactful tool for 

mathematics education. However, the field is still evolving. Limitations such as publication bias, 

design heterogeneity, and short-term evaluation underscore the need for more rigorous, 

longitudinal, and inclusive studies. Moving forward, research should focus on AI-driven 

personalization, neurocognitive insights, and expanding the use of gamification to advanced 

mathematical concepts and diverse learner populations. Ultimately, the fusion of education, 

technology, and behavioral design holds transformative potential for cultivating deeper 

mathematical understanding and lifelong numerical confidence. 
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