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Abstract

Mathematics learning often challenges students, as 

maintaining motivation, engagement, and achievement can 

be difficult. Gamification has emerged as a promising 

strategy to enhance learning experiences and participation. 

This study examined the overall effects of gamification on 

mathematics learning across educational levels, identified 

the most effective strategies, and assessed the reliability of 

findings. From an initial screening of 3,000 studies, 16 were 

selected following the PRISMA process and assessed for 

quality using the CASP checklist. Descriptive and 

inferential statistics analyzed the prevalence and 

effectiveness of gamification strategies, while subgroup 

analyses compared K–12, secondary, and higher education 

levels. Heterogeneity, stability, and publication bias were 

assessed using standard methods, and all results were 

generated in JASP for transparency and reproducibility. The 

findings indicated a moderate-to-large overall effect of 

gamification on mathematics learning (M = 0.444, 95% CI 

[0.387–0.502]), with consistent positive outcomes across 

educational levels. Game-Based Learning (42.9%) and 

Game Elements (28.6%) were most effective, while other 

gamified strategies supported personalized learning. Then, 

minimal publication bias confirmed the reliability of these 

results. Thus, these results suggest gamification is an 

effective instructional approach, enhancing cognitive, 

affective, and behavioral outcomes, and educators are 

encouraged to integrate gamified elements in diverse 

mathematics learning contexts. 
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Introduction 

The strategies teachers employ to teach mathematics impact students' understanding. Consequently, many students view 

mathematics as a difficult subject, and so those student encounter difficulties when they come to learn mathematics (Akcay et 

al., 2021; Krosbergen et al., 2022). Therefore, learning difficulties in mathematics are common among those students who 

don’t get adequate support or when the teaching strategies doesn’t suit their learning needs. In fact, according to the Trends in 

International Mathematics and Science Study (TIMSS), only 19% of Filipino Grade 4 students reached the “low” benchmark 

in mathematics, highlighting the urgent need for more effective teaching strategies (Mullis et al., 2020). Similarly, Programme 

for International Student Assessment (PISA) in 2022 showed Filipino students scored an average of 355, far below the 

Economic Co-operation and Development (OECD) average of 472, with over 85% of 15-year-olds failing to meet the 

minimum proficiency level (OECD, 2023). 

Moreover, with the growing utilization of digital tools in education, especially following the shift caused by the COVID-19 

pandemic, educators have explored innovative ways to enhance engagement and achievement in mathematics. One such 

innovation is the use of gamification strategies where it is the application of game elements (e.g., points, badges, levels, 

leaderboards, and other competitive games) in non-game learning environments to motivate students and improve learning 

outcomes. And these gamification strategies are widely used not only in the Philippines but also globally (Duterte, 2024). 

From a theoretical viewpoint, gamification in mathematics draws on Self-Determination Theory, which emphasizes autonomy, 

competence, and relatedness, and Flow Theory, which highlights engagement through clear goals, feedback, and balanced 

challenges (Luarn et al., 2023; Peng et al., 2023; Oliveira et al., 2022). These theories help explain why gamification can boost 

not only participation but also persistence in solving complex mathematical problems. Building on these theoretical 

foundations, practical applications of gamification in mathematics make learning more engaging by combining fun, challenge, 
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and reward. It is integrated into online or classroom settings, 

for instances, strategies like scoring systems, missions, and 

competitions boost motivation, participation, and 

performance, while encouraging persistence and a sense of 

accomplishment (Daliva, 2024). 

Meanwhile, some studies, globally, have observed whether 

gamification is effective for learning mathematics. Many 

findings suggest positive effects on mathematics learning by 

increasing engagement, motivation, problem-solving, and 

attitudes toward math (Setiawan et al., 2022; Díaz et al., 

2023; Puspitasari et al., 2023; Tan, 2023). In Philippine 

contexts, there was a systematic and experimental reviews 

of gamification in Filipino mathematics education found that 

gamification tends to improve engagement and academic 

performance in math (Nob et al., 2024; Loquias et al., 

2023). In addition, recent studies locally (within Cebu) show 

that gamification significantly improves mathematics 

learning outcomes. Derasin et al., (2023) found that digital 

gamification enhanced students’ achievement at Bantayan 

National High School compared to traditional teaching. 

Likewise, Canlas et al., (2024) reported improved interest 

and understanding among Grade 10 learners in Bogo City 

through gamified activities, while Sulpico et al. (2024) 

showed that both digital and non-digital game-based 

learning in Cebu City raised post-test scores, participation, 

and enjoyment. As these findings, integrating gamification 

strategies presents a promising pathway toward revitalizing 

mathematics education and addressing persistent challenges 

in student motivation and achievement. 

While many global, national, and local studies report 

positive effects of gamification in mathematics, findings 

remain inconsistent. Meta-analyses show varied results: Li 

et al., (2023) found large positive effects but noted 

differences by student type, subject, and setting. Outcomes 

also depend on factors like prior knowledge, self-regulation, 

and technology access (Han et al., 2021). In the Philippines, 

studies such as Lim (2021) at Eastern Samar State 

University and local works in Cebu (Derasin et al., 2023; 

Canlas et al., 2024) show benefits in performance and 

motivation, though challenges like competition stress, 

limited technology, and diverse learner needs persist. Since 

the outcomes of individual studies differ, a meta-analysis is 

helpful. These findings point to a critical gap: there is no 

clear consensus on the overall effectiveness of gamification 

in mathematics education, nor on the conditions under 

which it works best. Addressing this gap requires 

synthesizing existing research to identify patterns, 

moderating variables, and best practices. 

 

Research Objectives 

This meta-analysis aims to synthesize existing research on 

the effects of gamification strategies on learning 

mathematics. Particularly, the study seeks to determine the 

overall effects of gamification strategies on students’ 

mathematics learning across different educational level. 

Furthermore, it intends to identify which common types of 

gamification strategies are most effective in supporting 

mathematics learning. Lastly, the meta-analysis examines 

the potential for publication bias in the body of current 

literature and evaluates the consistency and reliability of 

findings across research.  

 

 

 

Review of Related Literature 

This literature review synthesizes empirical along with 

review-level research on gamification strategies or game-

based approaches in mathematics education because it 

stresses studies and meta-analyses that speak directly to (1) 

effects of gamification strategies on mathematics learning 

across educational levels, (2) what common types of 

gamification strategies are most effective based on the 

collated studies, and (3) issues of publication bias and 

consistency. 

Furthermore, the review draws mainly from the references 

that are provided (2020–2025) for supporting the stated 

objectives. The review considers meta-analyses, 

experimental reviews, and systematic research globally 

outside the Philippines, nationally within the Philippines, 

and locally within Cebu so that conclusions support the 

meta-analytic gap. 

 

1. The Overall Effects of Gamification Strategies on 

Students’ Mathematics Learning Across Different 

Educational Level 

Gamification, which employs game design elements in a 

learning environment (for instance points, badges, rewards, 

challenges or leaderboards), is also an extensively studied 

strategy to enhance the motivation and engagement of 

students with mathematics. It found evidences of overall 

effects of gamification strategies on mathematics learning at 

different levels (from primary school to higher education). 

To address the first objective, this review synthesizes these 

findings based on a range of studies (with related results), 

categorizes them according to how gamification aids 

learning, and considers what affects its effectiveness. 

From a theoretical perspective, gamification works in 

mathematics learning because of Self-Determination Theory 

(SDT) and Flow Theory. SDT explains that students are 

more motivated when their needs for control, competence, 

and connection with others are met. Gamified features like 

challenges, badges, and leaderboards give students a sense 

of control, achievement, and teamwork, which keeps them 

engaged (Luarn et al., 2023; Peng et al., 2023). Flow Theory 

shows that deep learning happens when students have clear 

goals, quick feedback, and a good balance between 

challenge and skill, which well-designed games provide 

(Oliveira et al., 2022). Together, these ideas show why 

gamification can increase participation, persistence, and 

problem-solving in math at all levels. 

 

1.1 Effects of Gamification Strategies on Motivation and 

Engagements 

Globally, a large number of studies confirm that 

gamification greatly increases students’ motivation and 

engagement in math learning. For example, Fadda et al. 

(2021), Vankúš (2021), Baah et al. (2023), and Li et al. 

(2024) reported that digital game elements make students 

feel more interested and willing to participate. Similarly, 

Khaldi et al. (2023), Kovácsné (2021), Maryana et al. 

(2024), and Ratinho et al. (2023) find that gamification 

makes learning math more enjoyable and encourages 

students to stay focused. 

Furthermore, several studies stress specific gamification 

features as main motivators which are immediate feedback, 
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social competition, and collaboration (Lampropoulos et al., 

2024; Meng et al., 2024; Sousa-Vieira et al., 2023; Zaric et 

al., 2020; Cigdem et al., 2024; Tan et al., 2023). Then, 

leaderboards, badges, and points are repeatedly mentioned 

as effective rewards that sustain motivation (Zaric et al., 

2020; Cigdem et al., 2024; Vergara et al., 2024; Malahito et 

al., 2020). 

According to Puspitasari et al. (2023), Nair et al. (2021), 

Hsu et al. (2023), López et al. (2021), Gui et al. (2023), and 

Saxena et al. (2021), younger and adult students alike 

respond positively to gamified learning environments, with 

detailing increased engagement in classrooms ranging from 

elementary schools to secondary to universities. 

Nationally, there was a meta-analysis study conducted by 

Llanes (2025) in Laguna, Philippines that analyzed various 

gamified instruction strategies in mathematics education. 

Their findings revealed that gamified instruction provided 

students with positive experiences, enabling them to learn 

mathematics in an engaging manner without significant 

effort. This approach not only improved student motivation 

but also fostered meaningful learning experiences, 

highlighting the effectiveness of gamification in enhancing 

mathematics education. 

Locally, the researchers found out that the study of Dela 

Cruz et al. (2021) observed Filipino secondary students in 

Cebu City, Philippines responses to gamified math quizzes 

and found higher and improved motivation and 

participation. Similarly, Reyes et al. (2023) also conducted a 

study in Cebu City, Philippines showing that gamified 

learning platforms like Quizizz and Kahoot! increased 

students’ active involvement and enjoyment during math 

lessons. 

 

1.2 Gamification Enhances Academic Achievement in 

Mathematics 

According to Zhang et al. (2022), Karamert et al. (2021), 

Malvasi et al. (2022), Yanurito et al. (2023), Fuentes et al. 

(2023), and Abu et al. (2023), researches consistently show 

that gamification leads to higher math achievement that 

demonstrate improved test scores and problem-solving skills 

in primary and secondary education. 

In higher education, Yoo et al. (2023), Ortiz-Rojas et al. 

(2025), Khaldi et al. (2023), and Kovácsné (2021) observed 

positive results, though somewhat smaller, gains. This may 

be because college-level mathematics is more challenging 

and self-directed. 

On the other hand, as noted by Rodrigues et al. (2022) 

nationally, and connect it to the studies of these researchers 

globally from Li et al. (2023), and Zeng et al. (2024) 

highlight the “novelty effect,” where students initially show 

big gains but lose interest if the gamification remains 

unchanged. They recommend dynamic, adaptive designs to 

maintain achievement over time. 

Other meta-analyses, including Wang et al. (2022), Li et al. 

(2024), and Gui et al. (2023), reinforce that sustainable 

gamification design is critical for continued academic 

improvements. 

Locally, as stated by Mendoza et al. (2022) in their research 

at Cebu Normal University (CNU) found that integrating 

game-based learning strategies significantly improved 

college students’ math achievement in Algebra and Statistics 

courses. Their findings from the local studies align with 

broader observations globally from Abu et al. (2023) and 

Yanurito et al. (2023) who show that gamified interventions 

help secondary students grasp challenging concepts like 

geometry. 

 

1.3 Positive Cognitive and Emotional Effects 

As reported by Hui et al. (2023); Özhan et al. (2020); Jaftha 

et al. (2021), show that gamification lessens math anxiety 

and increases students’ confidence level. Locally, Santos et 

al. (2023) reported similar results where students in Cebu, 

Philippines expressed decreased stress and greater 

willingness to participate in math class following gamified 

interventions and strategies. 

Nevertheless, in the view of Al-Hafdi et al. (2024), Saxena 

et al. (2021), and Ren et al. (2024) underline how 

gamification increases determination and enjoyment, 

essential for sustained math learning. 

In addition to these studies, Malabayabas et al. (2024) 

conducted a study in the Philippines that examined the 

effectiveness of gamified applications in enhancing students' 

academic performance in mathematics. The study found that 

the integration of game-based activities in educational 

settings offered numerous benefits, including increased 

student engagement and improved academic performance. 

These advantages underscore the potential of gamification to 

positively impact students' cognitive and emotional 

experiences in learning mathematics. 

These emotional benefits have been echoed in Filipino 

classrooms, in particular, in Cebu City, which showed 

Filipino learners’ positive emotional engagement when 

lessons included game elements (Villamor et al., 2023). 

 

1.4 Key Gamification Components for Success 

As documented by Zaric et al. (2020); Cigdem et al. (2024); 

Vergara et al. (2024), show that leaderboards, badges, and 

points motivate students but adaptive difficulty is important 

to keep students challenged without frustration (Zhang et 

al., 2024; Li et al., 2023). 

Additionally, social learning and instant feedback improve 

engagement and understanding (Sousa-Vieira et al., 2023; 

Meng et al., 2024; Tan et al., 2023). However, Pradhan et 

al. (2024) stated that over-competition among students can 

cause stress. 

Then, adding storytelling and real-world situations helps 

connect math to everyday life (Lampropoulos et al., 2024; 

Hao et al., 2024). For example, Filipino teachers in the 

Philippines, including those in Cebu, emphasize cultural 

relevance and language accessibility as additional factors 

that increase the effectiveness of gamification (Garcia et al., 

2022; Malabayabas et al. 2024; Reyes et al., 2023). 

 

1.5 Other Effects of Gamification Strategies  

Globally, gamification fosters enthusiasm and the 

development of fundamental math skills (Panskyi et al., 

2021; Alotaibi, 2024). Nationally, Malabayabas et al. (2024) 

saw Filipino students reacting positively to math games with 

Filipino cultural themes that helped put abstract ideas into 

situation. 

Relate to this, gains in motivation and learning outcomes are 

reported in international studies (Natividad et al., 2022; 

Yanurito et al., 2023; Fuentes et al., 2023). Through official 

technology integration programs, the Department of 

Education (DepEd) encourages schools across the country, 

including those in Cebu, to implement gamified digital tools 

for math instruction in secondary students. 
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Thus, research shows more modest but meaningful effects 

on engagement and motivation (Khaldi et al., 2023; 

Kovácsné, 2021; Ortiz-Rojas et al., 2025). Locally, higher 

education schools like Cebu Normal University have begun 

implementing gamification in STEM courses with early 

positive feedback (Mendoza et al., 2022). 

Even though gamification works well, there are challenges. 

Rodrigues et al. (2022) and Li et al. (2023) warn that if the 

games don’t change or get harder, students lose interest after 

a while. Teachers need proper training and support to use 

gamification well, which López et al. (2021), Lampropoulos 

et al. (2024), and Khaldi et al. (2023) all point out as a big 

hurdle. 

Also, Klock et al. (2024) remind us that gamification should 

be fair and inclusive, so it helps all students, not just those 

with easy access to technology or certain skills. 

Overall, it has been commonly shown that gamification 

using game elements like leaderboards, badges, points and 

other stratified game elements within math instruction 

increases students' academic success while motivating them 

at all educational levels from elementary school to college. 

Math activities that are gamified increase interest along with 

focus and also enjoyment. Studies conducted both 

domestically as well as internationally, including within the 

Philippines, indicate they also improve test scores along 

with problem-solving abilities. Immediate feedback is given 

social competition occurs people work as a team content is 

culturally relevant as well as these are important to succeed 

however originality must be preserved overly competitive 

environments must be avoided and inclusivity must be 

guaranteed. Emotional advantages including less math 

anxiety and more confidence further support long-term 

learning. For students to stay motivated and benefit 

educationally for a long time, designing games adaptively 

and training teachers are necessary to implement with 

success. 

 

2. Common Types of Gamification Strategies Are Most 

Effective in Supporting Mathematics Learning 

Gamification in mathematics teaching uses many game 

elements designed to motivate and engage students, making 

learning more interactive and fun. To address the second 

objective, this section reviews the common types of 

gamification strategies that shown consistent effectiveness 

in supporting math learning. 

 

2.1 Points, Badges, and Leaderboards 

One of the most common and effective strategies involves 

giving points, badges, and using leaderboards to recognize 

students’ achievement and progress. These reward systems 

encourage healthy competition and give students clear goals 

to reach, which increases motivation and persistence (Fadda 

et al., 2021; Lampropoulos et al., 2024). For example, 

leaderboards help students monitor their performance 

compared to their other classmates, fostering engagement 

and a sense of accomplishment (Cigdem et al., 2024; Zeng 

et al., 2024). 

In the Philippines, Duterte (2024) conducted a study 

examining the impact of educational gamification on student 

engagement, motivation, and academic performance in 

higher education. The study utilized a mixed-methods 

approach with 133 undergraduate students from three 

private universities in Manila. Gamification elements, 

including points, badges, leaderboards, and collaborative 

challenges, were integrated into an online learning 

environment. The results revealed statistically significant 

improvements in academic performance and motivation 

following the gamification intervention. Qualitative data 

highlighted students' positive perceptions of the gamified 

learning environment, with increased engagement and 

enjoyment reported.  

Locally, Dela Cruz et al. (2021) found that gamified quizzes 

using point systems boosted motivation among Filipino 

secondary students, showing how such strategies effectively 

encourage continuous participation. 

These findings also support some theories such as flow 

theory explains that clearly defined goals and measurable 

progress keep students fully engaged, while SDT highlights 

that recognition through badges and points satisfies learners’ 

needs for competence and relatedness, enhancing motivation 

and persistence. 

 

2.2 Immediate Feedback and Progression 

Providing immediate feedback through digital games or 

gamified platforms allows learners to understand mistakes 

quickly and improve their skills (Li et al., 2024; Zhang et 

al., 2022). This instant response supports better learning by 

guiding students step-by-step through math problems. 

Combined with progression mechanisms like levels or 

missions, this keeps students motivated to advance and 

tackle harder concepts (Puspitasari et al., 2023; Malvasi et 

al., 2022). 

In the Philippines, Duterte (2024) conducted a study with 

133 undergraduate students from three private universities in 

Manila, integrating gamified elements including immediate 

feedback, levels, and progression-based challenges. The 

study found that students’ academic performance and 

motivation improved significantly. Qualitative data also 

indicated heightened engagement, enjoyment, and 

persistence in learning mathematics when feedback was 

immediate and progression was clearly defined. 

In Cebu’s primary classrooms, Garcia et al., (2022) reported 

that progression through levels helped young learners stay 

engaged and develop confidence in math skills. 

Additionally, according to Flow Theory, immediate 

feedback and clear progression maintain a balance between 

challenge and skill, keeping learners in a state of deep focus. 

SDT emphasizes that this structure supports autonomy and 

competence, encouraging learners to continue improving. 

 

2.3 Collaborative and Competitive Games 

Games that include both collaboration and competition 

among students promote social interaction and motivation. 

Cooperative gamification encourages peer learning and 

discussion, which improves understanding (Gezmen et al., 

2021; Jaftha et al., 2021). Competitive games, on the other 

hand, stimulate effort and enthusiasm through friendly 

rivalry (Wang et al., 2022; Pehlivan et al., 2023). 

Nationally, a study by Moldez et al. (2024) at the University 

of the Philippines Open University explored the integration 

of gamification elements such as badges, leaderboards, and 

progress bars into Massive Open Online Courses (MOOCs). 

The research found that these elements significantly 

enhanced student engagement, motivation, and course 

completion rates, highlighting the effectiveness of gamified 

strategies in higher education.  

In higher education, Mendoza et al. (2022) documented how 

gamified algebra games at Cebu Normal University 
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enhanced both collaborative learning and individual 

achievement. 

These findings also support theories such as flow theory 

highlights that challenging yet achievable tasks, combined 

with social interaction, maintain engagement. SDT suggests 

that collaborative and competitive elements meet learners’ 

needs for relatedness and competence, motivating them to 

participate actively. 

 

2.4 Quizzes and Mini-Games 

Short quizzes and mini-games embedded in lessons serve as 

fun, low-stress ways to practice math skills repeatedly. 

Studies globally and locally have shown that gamified 

quizzes, especially those using platforms like Quizizz and 

Kahoot! increase engagement and improve recall (Reyes et 

al., 2023; Yanurito et al., 2023). These tools are flexible and 

easy to integrate into both physical and remote classrooms. 

Recent studies in the Philippines outside Cebu have 

highlighted the effectiveness of gamification in enhancing 

students’ mathematics learning. Alcoba (2023) 

demonstrated that the use of Quizizz, a digital game-based 

platform, significantly improved the numeracy skills of 

Grade 8 students at Louella Gotladera Alcoba National High 

School by increasing engagement and interactive practice. 

Similarly, a systematic review by Reyes et al. (2024) 

revealed that gamification strategies in tertiary mathematics 

education across the Philippines positively influenced 

student motivation, engagement, and academic performance. 

Moreover, Bayani et al. (2023) found that gamified learning 

interventions for Grade 5 learners at Mulondo Central 

Elementary School improved both mathematics achievement 

and positive attitudes toward the subject. These studies 

collectively underscore that gamified strategies, including 

quizzes, mini-games, and progression mechanisms, are 

effective in fostering motivation, engagement, and improved 

learning outcomes among Filipino students nationwide. 

Interestingly, Santos et al. (2023) found that quiz-based 

gamification reduced math anxiety among Cebu students, 

contributing to a more positive attitude toward mathematics. 

These findings also support theories such as flow theory 

explains that short, challenging activities with immediate 

feedback sustain focus and engagement. SDT highlights that 

quizzes and mini-games enhance competence by allowing 

students to track progress and achieve mastery at their own 

pace. 

 

2.5 Storytelling and Thematic Challenges 

Some studies globally highlight the importance of 

embedding math problems within stories or thematic 

contexts, making the learning experience more meaningful 

and relevant (Natividad et al., 2022; Fuentes et al., 2023). 

This approach encourages deeper cognitive engagement and 

helps students connect abstract math concepts to real-life 

situations. 

In the Philippines, a study by Duterte (2024) involving 133 

undergraduate students from three private universities in 

Manila found that integrating gamification elements, 

including storytelling and collaborative challenges, into 

online learning environments significantly improved student 

engagement, motivation, and academic performance. 

Thematic analysis of qualitative data highlighted students' 

positive perceptions of the gamified learning environment, 

with increased engagement and enjoyment reported. 

In Cebu, as cited by Villamor et al. (2023) observed that 

Filipino students emotionally connected more with math 

lessons when gamification included storytelling elements, 

improving both motivation and retention. 

These findings also support theories such as flow theory 

suggests that immersion in meaningful contexts maintains 

deep engagement. SDT indicates that relevance and personal 

connection support autonomy and relatedness, further 

motivating learners. 

 

2.6 Customization and Adaptive Learning 

Adaptive gamification tailors’ challenges and feedback 

based on individual student performance and learning pace. 

This personalization addresses diverse needs, ensuring that 

all students are appropriately challenged without frustration 

(Rodrigues et al., 2022; Li et al., 2024). Customized 

experiences support self-regulated learning and promote 

mastery. 

Nationally, a study by Dabingaya (2022) explored the 

effectiveness of AI-powered adaptive learning systems in 

mathematics education. The research indicated that 

personalized learning routes enabled by AI technologies led 

to increased student engagement and significant 

improvements in mathematical competency, emphasizing 

the potential of adaptive learning systems to enhance 

educational outcomes. 

Supporting this, research from Lopez et al. (2024) 

highlighted infrastructure challenges in Cebu schools but 

emphasized the potential of adaptive gamified systems once 

proper resources are in place. 

These findings also support theories such as flow theory 

explains that matching task difficulty to skill level maintains 

engagement and prevents boredom or frustration. SDT 

emphasizes that personalized challenges meet the needs for 

autonomy and competence, promoting sustained motivation 

and learning. 

Overall, gamification strategies such as points, badges, 

leaderboards, immediate feedback, collaborative games, 

quizzes, storytelling, and adaptive learning enhance 

motivation, engagement, and achievement in mathematics. 

Flow Theory shows that clear goals, matched challenges, 

and immediate feedback create deep engagement, while 

Self-Determination Theory explains how these strategies 

fulfill psychological needs for autonomy, competence, and 

relatedness. Together, these theories support the 

effectiveness of gamification, making math learning both 

enjoyable and academically meaningful across educational 

levels. Building on these findings, the next section provides 

practical recommendations for educators on effectively 

implementing gamification strategies in mathematics 

classrooms. 

 

3. Examining Publication Bias and Reliability of 

Findings 

To fulfill the third objective, this section examines the 

potential publication bias and the consistency of findings in 

gamification strategies study. The meta-analyses among 

included studies in this research recognize that publication 

bias is possible, where studies that find positive effects of 

gamification are more likely to be published than those that 

show neutral or negative outcomes (Cheung et al., 2021; Li 

et al., 2024). Educators and policymakers can have their 

confidence in the overall effectiveness of gamification 

affected by this bias. How they see it can also feel this bias. 

However, many of the meta-analyses have applied strict 
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statistical methods in order to assess and adjust for such 

biases because that improves the reliability of conclusions 

(Zhang et al., 2022; Zeng et al., 2024). Well-designed 

gamification strategies typically improve motivation plus 

learning outcomes in mathematics due to the consistency 

across various educational settings, age groups, and study 

designs (Fadda et al., 2021; Wang et al., 2022). 

Nonetheless, varied effects highlight how contextual factors 

such as student characteristics, instructional design, and 

technology access matter since educators must think over 

applying gamification (Han et al., 2021; Rodrigues et al., 

2022). 

 

Methodology 

According to Borenstein et al. (2021), a meta-analysis is a 

statistical method that combines relevant results from 

multiple research studies to provide a more comprehensive 

and reliable conclusion about a specific topic. In the context 

of education, meta-analyses are useful because they help to 

simplify and explain diverse and inconsistent results found 

in preceding studies (Cheun et al., 2021). In this study, the 

method was to analyze and synthesize existing relevant 

studies, in particular, those experimental researches, 

systematic reviews and studies, and meta-analyses studies, 

creating a stronger foundation for how gamification 

strategies in mathematics education impact the way students 

engage in mathematical content. As a result, this type of 

analysis enhances better decisions by teachers, curriculum 

developers, and policymakers (Wang et al., 2022). 

 

Search Strategy 

A scholarly electronic database search was conducted to 

find English-language studies related to the Effects of 

Gamification Strategies on Learning Mathematics, using the 

Harzing Publish or Perish Version 8 in 2021 software with 

access to three databases namely Google Scholar, Open 

Alex, and Crossref. Relevant studies to the Effects of 

Gamification Strategies on Learning Mathematics, 

published between 2020-2025, were collected and reviewed. 

The keywords applied in the three databases (Google 

Scholar, Open Alex, and Crossref) search via Harzing 

Publish or Perish Version 8 in 2021 software included: 

effects, gamifications strategies, mathematics education, 

quantitative study, learning mathematics. Aside from that, 

manual searching was also considered to find additional 

relevant studies within the local and national context. The 

Preferred Reporting Items for Systematic Reviews and 

Meta-analyses (PRISMA 2020) flow diagram was used to 

systematically organize and document the selection process. 

 

 
 

Fig 1: Screening process using the PRISMA 2020 
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The PRISMA 2020 diagram outlines the process of 

identifying, screening, and selecting studies for this meta-

analysis on the effects of gamification strategies on learning 

mathematics. The initial database search across Google 

Scholar, OpenAlex, and Crossref yielded 3000 records, with 

an additional four studies identified manually. After 

removing 720 records lacking DOIs and 996 without 

citations, 1288 studies remained for screening. At this stage, 

73 records were excluded due to inaccessible sources, 

leaving 1215 reports for retrieval. One report could not be 

obtained, and the remaining 1214 underwent full-text 

assessment. 

During eligibility evaluation, 213 studies were excluded for 

having no abstract, 12 for being in languages other than 

English, 69 for lacking full text, 67 did not provide an effect 

size, and 841 were found to be less directly focused on the 

research topic. No exclusions were made using the Critical 

Appraisal Skills Programme (CASP) checklist since all the 

remaining studies passed the CASP criteria, with a 

minimum score of eight (8) out of ten (10) or 80%, which 

the researchers agreed to set as the acceptable threshold. 

After applying these criteria, 16 studies were deemed 

eligible and were included in the meta-analysis. This 

rigorous and transparent selection process, guided by 

PRISMA 2020 standards (Page et al., 2021), ensured that 

the final dataset was both relevant and methodologically 

sound. By focusing only on studies that met strict inclusion 

standards, the meta-analysis provides robust evidence and 

reliable conclusions regarding the role of gamification 

strategies in enhancing mathematics learning. 

By integrating the PRISMA selection process with the 

CASP quality evaluation, the study ensures that the final 

dataset represents both comprehensive coverage and 

methodological rigor, supporting reliable conclusions and 

practical recommendations for educators. 

 

Inclusion and Exclusion Criteria 

The inclusion and exclusion criteria were carefully designed 

to ensure that the studies selected for this meta-analysis on 

gamification strategies in mathematics were both relevant 

and of high quality. Studies were considered eligible for 

inclusion if they were peer-reviewed and provided sufficient 

and credible information to contribute to the synthesis. Only 

sources that were accessible, written in English, and 

available in full-text form were included. Furthermore, 

studies needed to present measurable outcomes, preferably 

in the form of effect sizes, to allow for quantitative analysis. 

Research that was directly focused on the scope of the study 

was prioritized to ensure alignment with the objectives of 

the review. 

On the other hand, several categories of studies were 

excluded. Materials lacking essential bibliographic details, 

such as a DOI or proper citations, were not considered due 

to verification and traceability issues. Sources that did not 

provide abstracts, or those unavailable as full-text 

documents, were excluded since they offered insufficient 

information for critical evaluation. Similarly, non-English 

studies were excluded to maintain consistency and avoid 

misinterpretation of findings. Research that did not present 

effect sizes, or those with outcomes not aligned closely with 

the study’s objectives, were also set aside. Finally, the 

Critical Appraisal Skills Programme (CASP) which 

evaluates research validity, relevance, and methodological 

rigor (Singh, 2022), ensured that only studies of adequate 

methodological quality were retained, with non-compliant 

sources being excluded at this stage. 

By applying these inclusion and exclusion criteria, the study 

filtered an initial pool of 3000 records down to 16 high-

quality studies that passed both the PRISMA screening 

process (Page et al., 2021) and CASP quality appraisal. This 

process ensured that the final analysis was built upon 

credible, relevant, and methodologically sound evidence, 

strengthening the validity and reliability of the findings. 

 

Characteristics of the Included Studies 

 
Study No. Author/Year Setting No. of Studies Effect Size CI (95%) Standard Error 

1 Fadda et al. (2021) K-12 20 0.27 [0.14, 0.41] 0.07 

2 Zhang et al. (2021) K-12, Higher Education 18 0.42 [0.28, 0.56] 0.07 

3 Zhang et al. (2022) K-12, Higher Education 27 0.36 [0.22, 0.50] 0.07 

4 Zhang et al. (2024) K-12, Higher Education 45 0.47 [0.30, 0.64] 0.09 

5 Wang et al. (2022) K-12, Higher Education 33 0.67 [0.52, 0.81] 0.08 

6 Gui et al. (2023) K-12, Higher Education 86 0.62 [0.50, 0.75] 0.06 

7 Li, et al. (2023) K-12, Higher Education 41 0.41 [0.29, 0.53] 0.06 

8 Puspitasari et al. (2023) K-12, Higher Education 8 0.52 [0.36, 0.68] 0.08 

9 Alotaibi (2024) Early Childhood 136 0.45 [0.31, 0.59] 0.07 

10 Li et al. (2024) K-12, Higher Education 35 0.33 [0.24, 0.42] 0.05 

11 Zeng et al. (2024) K-12, Higher Education 22 0.38 [0.32, 0.44] 0.03 

12 Duterte (2024) Higher Education 133 0.40 [0.18, 0.62] 0.11 

13 Rosil et al. (2025) Secondary 30 0.55 [0.31, 0.79] 0.12 

14 Malabayabas et al. (2024) Secondary 29 0.49 [0.33, 0.65] 0.08 

15 Li et al. (2024) K-12, Higher Education 35 0.33 [0.24, 0.42] 0.05 

16 Sulpico et al. (2024) Secondary 28 0.44 [0.20, 0.68] 0.12 
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Data Analysis 

This meta-analysis combined effect sizes from primary 

studies to estimate the overall impact of gamification on 

mathematics learning across educational levels. For each 

study, we extracted or computed standardized mean 

differences using Hedges’ g (positive values favored 

gamified instruction). Studies were weighted by inverse 

variance. 

A random-effects model was used to pool effects, with 

between-study variance (τ2) estimated via restricted 

maximum likelihood. We reported pooled effects with 95% 

confidence intervals, corresponding z-tests, and 95% 

prediction intervals to describe the dispersion of true effects 

in comparable future settings. 

Pre-specified subgroup analyses examined educational level 

as a moderator. Due to sparse data in some categories, levels 

with fewer than two studies were not meta-analyzed 

individually, and, where appropriate, adjacent levels were 

combined. Differences between subgroups were tested using 

a mixed-effects model with subgroup as a categorical 

moderator, summarized by the omnibus Qm statistic. 

Statistical heterogeneity was assessed with Cochran’s Qe, τ, 

τ2, I2, and H2. Influence diagnostics included casewise 

measures (standardized residuals, hat values, DFFITS, and 

Cook’s distance) and leave-one-out analyses to evaluate the 

stability of pooled estimates. Profile likelihood plots were 

used to inspect the precision and plausibility range of τ2. 

To identify the most common types of gamification 

strategies used in effective mathematics classes, the data 

were analyzed using both descriptive and inferential 

statistics. Descriptive statistics were employed through 

frequency counts and percentages to summarize how often 

each strategy appeared across the included studies. The 

identified strategies (e.g., Game Based Learning, Game 

Elements, Gaming Tools, Gamification Platforms, Adaptive 

Gamified Assessment) were coded and tallied to determine 

their prevalence. These results were presented in tabular 

form and complemented with a descriptive plot, which 

provided a clear visual representation of the distribution of 

strategies and highlighted the most dominant approaches in 

mathematics education. 

In addition, a Multinomial Test was conducted to 

statistically examine whether the observed distribution of 

strategies significantly deviated from what would be 

expected under equal representation. This inferential 

analysis provided evidence of whether certain gamification 

strategies were used more frequently than others in 

mathematics education. 

Finally, publication bias and reliability of findings were 

examined. Standard errors (SE) were calculated for each 

effect size to evaluate the precision of estimates, and these 

were categorized into levels of precision (very precise, 

precise, moderate, or low). In addition, forest plots and 

residual funnel plots were generated to visually inspect 

potential asymmetries in the distribution of effect sizes, 

which would indicate possible publication bias. All analyses 

were conducted using JASP statistical software to ensure 

transparency and reproducibility. 

 

Ethical Considerations 

In this meta-analysis, all the data used come from studies 

that are already published so no new data were gathered, and 

the researchers did not Interact with any respondents 

directly. Because of this, the responsibility for informed 

consent, respondent privacy, and ethical approvals (such as 

institutional review board clearance) lies with the 

researchers of the original studies (Page et al., 2021). 

To make sure that the researchers analysis stands on solid 

ethical ground, the researchers included only studies that 

followed proper ethical procedures. This means studies that 

stated they obtained respondent consent or received 

appropriate review board approval were eligible (Haddaway 

et al., 2022). Furthermore, the researchers also followed 

PRISMA guidelines to keep the process transparent and 

avoid bias in selecting studies (Page et al., 2021). 

In line with this, the researchers assessed the risk of 

publication bias when only studies with positive results get 

published by using tools like funnel plots and statistical 

tests. These steps help ensure that the conclusions are fair 

and not skewed by missing data or selective reporting 

(McGuinness & Higgins, 2021). 

Additionally, to judge the strength of the evidence and 

consistency of findings across studies, the researchers 

applied the effect sizes and standard errors, then, used JASP 

application which evaluates factors like risk of bias, 

inconsistency, and publication bias in the body of evidence. 

Finally, the researchers openly declared any potential 

conflicts of interest among the research team and took care 

not to misinterpret data. All methods and decisions were 

documented transparently so other researchers can check 

and reproduce the work that builds trust and strengthens 

credibility. 

 

Results and Discussion 

This section addresses the three primary objectives of the 

study: (1) presenting the overall effects of gamification 

strategies on mathematics learning across educational levels, 

(2) identifying the common types of gamification strategies 

that are most effective in supporting mathematics learning, 

and (3) examining potential publication bias and assessing 

the reliability of the findings. All statistical tables and 

figures were generated using the JASP statistical software 

application to ensure methodological transparency and 

reproducibility. By focusing on these objectives, the section 

highlights the comprehensive role of gamification in 

mathematics learning, moving beyond individual 

dimensions such as motivation, engagement, or achievement 

to provide a broader perspective on its overall impact. 

 

1. Overall Effects of Gamification Strategies on Learning 

Mathematics 
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Table 1.1: Descriptive Statistics of Overall Effect Sizes and 

Standard Errors for Gamification Strategies on Mathematics 

Learning 
 

 Overall Effect Size Standard Error 

Valid 16 16 

Missing 0 0 

Median 0.43 0.07 

Mean 0.444 0.076 

Std. Error of Mean 0.027 0.006 

95% CI Mean Lower 0.387 0.062 

95% CI Mean Upper 0.502 0.089 

Std. Deviation 0.107 0.025 

95% CI Std. Dev. Lower 0.079 0.018 

95% CI Std. Dev. Upper 0.166 0.039 

Coefficient of variation 0.242 0.331 

MAD 0.065 0.01 

MAD robust 0.096 0.015 

IQR 0.123 0.022 

Variance 0.012 6.262×10-4 

95% CI Variance Lower 0.006 3.417×10-4 

95% CI Variance Upper 0.028 0.002 

Skewness 0.573 0.397 

Std. Error of Skewness 0.564 0.564 

Kurtosis 0.07 -0.022 

Std. Error of Kurtosis 1.091 1.091 

Shapiro-Wilk 0.971 0.94 

P-value of Shapiro-Wilk 0.856 0.348 

Range 0.4 0.09 

Minimum 0.27 0.03 

Maximum 0.67 0.12 

25th percentile 0.375 0.06 

50th percentile 0.43 0.07 

75th percentile 0.498 0.082 

Sum 7.11 1.21 

 

The descriptive statistics summarize the overall effect sizes 

of gamification strategies in mathematics learning across 16 

valid studies. The mean effect size is 0.444, while the 

median is 0.430, both pointing to a moderate positive impact 

of gamification. The 95% confidence interval (0.387–0.502) 

confirms that the true effect consistently lies in the moderate 

range. The standard error of the mean (0.027) and standard 

deviation (0.107) are relatively small, suggesting that the 

results are precise and not heavily spread out. 

Looking at variability measures, the variance (0.012) and 

coefficient of variation (0.242) show that although effect 

sizes differ slightly across studies, the variability remains 

controlled. The minimum effect size recorded is 0.270 and 

the maximum is 0.670, which means all included studies 

reported positive effects, but with differences in intensity. 

The interquartile range (0.123) shows that 50% of the 

studies lie between 0.375 and 0.498, highlighting a cluster 

of moderate positive results. 

Tests of distributional characteristics reinforce this stability. 

The skewness (0.573) indicates a slight right-skew, meaning 

some studies reported stronger positive effects, but this is 

not extreme. Similarly, the kurtosis (0.070) is close to zero, 

suggesting a fairly normal distribution. Most importantly, 

the Shapiro-Wilk test (W = 0.971, p = 0.856) confirms 

normality, meaning the effect size distribution is appropriate 

for further parametric analysis. Collectively, this table 

demonstrates that gamification consistently improves 

mathematics learning with reliable and statistically 

significant effects (Fadda et al., 2021; Malabayabas et al., 

2024). 

 

Table 1.2: Association Matrix of Overall Effect Sizes and 

Standard Errors 
 

Covariance  
 Overall Effect Size Standard Error 

Overall Effect Size 0.012 8.671×10-4 

Standard Error 8.671×10-4 6.262×10-4 

Correlation 
 Overall Effect Size Standard Error 

Overall Effect Size 1 0.323 

Standard Error 0.323 1 

 

The association matrix explores the relationship between 

overall effect size and standard error. The covariance 

between effect size and standard error is 8.671 × 10⁻⁴, which 

is positive but very small. This means that as the effect size 

increases, the standard error increases slightly, but not 

strongly enough to suggest unreliability. 

The correlation (0.323) indicates a weak positive 

relationship, showing a modest tendency for larger effects to 

come with slightly larger errors. However, this correlation is 

not large enough to cast doubt on the findings. The variance 

of standard errors (6.262 × 10⁻⁴) is also low, suggesting that 

uncertainty estimates are fairly consistent across studies. 

Altogether, the association matrix confirms that the 

relationship between effect size and error is minor and does 

not compromise the reliability of the conclusions. 

 

 
 

Fig 1.1: Q-Q Plots of the Distribution of Overall Effect Sizes and 

Standard Errors 

 

Effect size Q–Q plot. Sample quantiles align closely with 

the theoretical normal line across most of the distribution, 

with only mild deviation at the upper tail. This visual 

evidence corroborates the Shapiro–Wilk result (p = .856) 

that the effect sizes are approximately normal. 

Standard error Q–Q plot. Points likewise track the 

diagonal, with slight upward deviations in the higher 

quantiles, consistent with a few studies having larger-than-

typical SEs. The Shapiro–Wilk p-value (.348) confirms that 

these deviations are modest and compatible with normality. 

Implication. The approximate normality of both variables 

validates parametric summaries (means, SDs, CIs) and 

supports meta-analytic inference based on these 

descriptions. 

In conclusion, the results of this meta-analysis demonstrate 

that gamification provides statistically significant and 

practically meaningful benefits in mathematics learning.  

 

1.1 Overall Effects of Gamification Strategies Across 

Educational Levels 
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Table 1.3: Model Summary and Meta-Analytic Tests of 

Gamification Effects Across Educational Levels 
 

Meta-Analytic Tests 
 Subgroup Test p 

Heterogeneity K-12   

 K-12, Higher 

Education 

Qₑ(9) = 

31.70 
< .001 

 Early Childhood   

 Higher education   

 Secondary Qₑ(2) = 0.42 0.81 

Pooled effect K-12   

 K-12, Higher 

Education 
z = 11.91 < .001 

 Early Childhood   

 Higher education   

 Secondary z = 8.46 < .001 

Subgroup differences  Qₘ(1) = 

0.53 
0.469 

Error: The model for subgroup 'Early Childhood' failed with the 

following error: Fewer than two estimates. 

Error: The model for subgroup 'Higher education' failed with the 

following error: Fewer than two estimates. 

Error: The model for subgroup 'K-12' failed with the following 

error: Fewer than two estimates. 

 

The model summary provides an overview of statistical tests 

assessing heterogeneity, pooled effects, and subgroup 

differences. For the combined subgroup of K-12 and higher 

education, the heterogeneity test was significant (Qe (9) = 

31.70, p<0.001), indicating that the included studies 

reported effect sizes that varied beyond what would be 

expected by chance. This suggests that the impact of 

gamification in this subgroup may be influenced by 

differences in sample populations, instructional settings, or 

the types of gamification strategies employed. In contrast, 

the secondary education subgroup demonstrated no 

heterogeneity (Qe (2) = 0.42, p = 0.810), meaning that the 

effect sizes of the secondary-level studies were highly 

consistent with one another. 

The pooled effect tests demonstrated that gamification 

significantly improved mathematics learning. The K-12 and 

higher education subgroup reported a strong overall effect (z 

= 11.91, p < 0.001) while the secondary subgroup also 

yielded a highly significant effect (z = 8.46, p < 0.001). For 

early childhood and higher education individually, the 

models failed to compute because fewer than two studies 

were available, highlighting a gap in the research literature 

for these specific levels. Importantly, the test of subgroup 

differences (Qm (1) = 0.53, p = 0.469) indicated no 

statistically significant difference between educational 

levels, suggesting that gamification strategies are broadly 

effective across different stages of education. 

 
Table 1.4: Meta-Analytic Estimates of Pooled Effects and 

Heterogeneity Indices 
 

Meta-Analytic Estimates 
   95% CI 95% PI 
 Subgroup Estimate Lower Upper Lower Upper 

Pooled 

effect 
K-12      

 K-12, Higher 

Education 
0.442 0.37 0.515 0.236 0.649 

 Early Childhood      

 Higher education      

 Secondary 0.492 0.378 0.606 0.378 0.606 

𝜏 K-12      

 K-12, Higher 

Education 
0.099 0.049 0.206   

 Early Childhood      

 Higher education      

 Secondary 0 0 0.325   

𝜏² K-12      

 K-12, Higher 

Education 
0.01 0.002 0.043   

 Early Childhood      

 Higher education      

 Secondary 0 0 0.105   

I² K-12      

 K-12, Higher 

Education 
74.81 42.753 92.855   

 Early Childhood      

 Higher education      

 Secondary 0 0 90.451   

H² K-12      

 K-12, Higher 

Education 
3.97 1.747 13.995   

 Early Childhood      

 Higher education      

 Secondary 1 1 10.472   

 

The meta-analytic estimates provide detailed statistics on 

pooled effects, heterogeneity, and variance. For the 

combined K-12 and higher education subgroup, the pooled 

effect size was 0.442 with a 95% confidence interval 

(0.370–0.515), which falls within the moderate-to-large 

range. The 95% prediction interval (0.236–0.649) indicates 

that future studies would also likely find positive effects of 

gamification. Similarly, the secondary subgroup showed a 

pooled effect size of 0.492 (95% CI: 0.378–0.606), with the 

prediction interval exactly matching the confidence interval, 

reflecting the absence of heterogeneity. 

The heterogeneity indices reveal more detail. For K-12 and 

higher education, the between-study variance (τ) was 

estimated at 0.099, with τ2 = 0.010, suggesting low but non-

zero variability across studies. The inconsistency index (I2 = 

74.81%) indicated substantial heterogeneity, meaning that 

approximately 75% of the variability in effect sizes was due 

to true differences rather than chance. The H2 statistic (3.97) 

also confirmed notable heterogeneity. In contrast, the 

secondary subgroup had τ = 0, τ2 = 0, I2 = 0, and H2 = 1, 

confirming that no heterogeneity was present and the 

findings were highly consistent. 

 

 
 

Fig 1.2: Forest Plot of Gamification Effects on Mathematics 

Learning by Subgroup 

 

The forest plot provides a visual representation of the 

individual study results and their contribution to the overall 

effect size. For the K-12 and higher education subgroup, 

individual effect sizes ranged between 0.33 and 0.67, with 

all estimates showing positive outcomes. For instance, 

Wang et al. (2022) reported one of the strongest effects at 
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0.67, while Li et al. (2024) found a smaller but still positive 

effect at 0.33. The pooled diamond for this subgroup 

confirms a moderate-to-large effect size in favor of 

gamification. Similarly, for the secondary subgroup, all 

three included studies (Rosil et al., 2025; Malabayabas et 

al., 2024; and Sulpico et al., 2024) reported consistent effect 

sizes between 0.44 and 0.55. These results reinforce the 

reliability of the pooled findings and highlight the consistent 

advantage of gamification across studies. 

 
Table 1.5: Casewise Diagnostics of Individual Study Influence on Pooled Effects 

 

Casewise Diagnostics Table  
     Leave One Out   

Subgroup Standardized Residual DFFITS Cook's Distance Covariance ratio 𝜏 𝜏² Qₑ Hat Weight 

K-12, Higher Education -0.192 -0.087 0.008 1.243 0.107 0.011 31.695 0.094 9.435 
 -0.703 -0.239 0.06 1.159 0.102 0.01 31.031 0.094 9.435 
 0.196 0.029 9.241×10-4 1.258 0.109 0.012 31.318 0.077 7.74 
 2.262 0.778 0.43 0.704 0.071 0.005 21.074 0.086 8.557 
 1.805 0.667 0.369 0.925 0.086 0.007 19.013 0.104 10.356 
 -0.288 -0.119 0.016 1.234 0.106 0.011 31.691 0.104 10.356 
 0.609 0.169 0.031 1.202 0.105 0.011 29.907 0.086 8.557 
 -1.098 -0.384 0.142 1.088 0.096 0.009 28.377 0.113 11.288 
 -0.632 -0.252 0.067 1.204 0.102 0.01 29.598 0.13 12.989 
 -1.098 -0.384 0.142 1.088 0.096 0.009 28.377 0.113 11.288 

Secondary 0.549 0.305 0.093 1.308 0 0 0.12 0.235 23.529 
 -0.043 -0.045 0.002 2.125 0 0 0.42 0.529 52.941 
 -0.499 -0.277 0.077 1.308 0 0 0.173 0.235 23.529 

Note. Diagnostics are based on the subgroup models. 

 

The casewise diagnostics table evaluates whether any single 

study disproportionately influenced the meta-analysis 

results. Standardized residuals ranged from -1.098 to 2.262 

in the K-12 and higher education subgroup, suggesting that 

while some studies deviated from the pooled effect, none 

fell outside the range of concern. Cook’s Distance values 

were all below 1, indicating no study exerted undue 

influence, although Gui et al. (2023) (Cook’s D = 0.369) 

and Zhang et al. (2022) (Cook’s D = 0.060) showed slightly 

higher influence compared to others. 

In the secondary subgroup, standardized residuals ranged 

between -0.549 and - 0.043, all well within acceptable 

limits. Hat values, which indicate the leverage of each study, 

were higher for secondary studies (up to 0.529), reflecting 

their relatively stronger weight due to fewer studies in this 

subgroup. However, even with higher weights, none of these 

studies distorted the pooled estimate. The “Leave-One-Out” 

results confirmed that removing any single study did not 

significantly alter the heterogeneity or pooled effect size. 

This demonstrates that the overall conclusions are robust 

and not driven by any single outlier. 

 

 
 

Fig 1.3: Profile Likelihood Plots of Between-Study Variance (τ2) 

for Subgroups 

 

The profile likelihood plots provide additional confirmation 

of heterogeneity estimates. For the K-12 and higher 

education subgroup, the likelihood curve peaked around a τ2 

value of approximately 0.01, which aligns with the earlier 

heterogeneity statistics. The declining slope of the curve on 

either side indicates that higher or lower estimates of 

variance are less supported by the data. In contrast, the 

secondary subgroup’s likelihood curve peaked at exactly 

zero, confirming the absence of between-study variance. 

This reinforces the conclusion that gamification effects at 

the secondary level are stable and highly consistent across 

studies. 

 

Summary of Findings 

In conclusion, the results of this meta-analysis demonstrate 

that gamification has a significant and beneficial impact on 

mathematics learning across educational levels (Fadda et al., 

2021; Wang et al., 2022; Li et al., 2024). Both K–12/higher 

education and secondary subgroups reported moderate-to-

large effect sizes, with the latter showing exceptional 

consistency (Zhang et al., 2022; Gui et al., 2023). Although 

heterogeneity was observed in K–12 and higher education 

studies, this variability likely reflects contextual differences 

in implementation rather than contradictions in the findings 

(Zeng et al., 2024; Li et al., 2023). Subgroup analyses 

further indicated no significant differences between 

educational levels, supporting the broad applicability of 

gamification strategies (Zhang et al., 2021; Rosil et al., 

2025). 

These findings suggest that gamification enhances 

mathematics learning by fostering engagement, motivation, 

and achievement, making it a valuable pedagogical tool for 

diverse learners (Puspitasari et al., 2023; Malabayabas et al., 

2024). The moderate-to-large pooled effects show that 

gamification is not limited to improving test performance 

but also cultivates a more positive and active learning 

experience (Alotaibi, 2024; Duterte, 2024). Game-based 

elements such as points, badges, leaderboards, and 

interactive tasks encourage students to participate more fully 

in mathematics activities, reduce anxiety, and increase 

persistence in problem-solving (Li et al., 2024; Sulpico et 

al., 2024). Engagement helps learners stay focused, 

motivation sustains their effort, and achievement reinforces 

confidence, creating a cycle of continuous improvement 

(Zhang et al., 2024; Wang et al., 2022). In this way, 
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gamification supports the cognitive, affective, and 

behavioral dimensions of learning (Li et al., 2023; Gui et 

al., 2023). 

Overall, the consistency of these positive effect highlights 

gamification’s potential as a flexible and effective 

instructional strategy in mathematics education (Zeng et al., 

2024; Rosil et al., 2025). Beyond statistical evidence, it is 

crucial to consider how these findings can be applied in 

practice. By guiding teachers, curriculum developers, and 

institutions in integrating game-based elements into 

instruction, the benefits of gamification can extend beyond 

research and meaningfully enhance mathematics learning in 

real classroom settings (Fadda et al., 2021; Malabayabas et 

al., 2024). 

 

II. Common Types of Gamification Strategies Are Most 

Effective In Supporting Mathematics Learning 

 
Table 2.1: Gamification Strategies Identified in the Included Studies 

 

Study No. Author/Year Effective Gamification Strategies Used 

1 Fadda et al. (2021) Gaming Tools (e.g. PC, Applications, Console) and Game Based Learning (e.g. Astra-Eagle, DimensionM) 

2 Zhang et al. (2021) 
Gamification Platform (e.g. Classcraft) and Game Elements (e.g. Points, Rewards, Challenges, and 

Progress Tracking 

3 Zhang et al. (2022) Adaptive Gamified Assessment 

4 Zhang et al. (2024) Game Elements (e.g. Point System, Badges, and Rewards) 

5 Wang et al. (2022) 

Game Based Learning (e.g. Immersive Games, Tutorial Games, Exer-Games, Simulation Games, 

Adventure Games, Music Games, Board Games, and Alternate Reality Games) and Gaming Tools (e.g. 

Computers, Mobile Devices, and Video Game Console) 

6 Gui et al. (2023) Game Based Learning 

7 Li, et al. (2023) Game Based Learning and Gaming Tools 

8 
Puspitasari et al. 

(2023) 
Game based Learning and Game Elements 

9 Alotaibi (2024) Game Based Learning 

10 Li et al. (2024) Game Based Learning 

11 Zeng et al. (2024) Game Elements (e.g. Points, Badges, Leaderboards, Challenges, and Feedback) 

12 Duterte (2024) Game Elements (e.g. Points, Badges, Leaderboards, and Collaborative Challenges) 

13 Rosil et al. (2025) Game Based Learning (e.g. Math Legend) 

14 
Malabayabas et al. 

(2024) 
Gaming Tools (e.g. Math-GALING Learning Application) 

15 Li et al. (2024) Game Elements (e.g. Narrative or Storytelling, Competition, Badges, Leaderboards, and Points) 

16 Sulpico et al. (2024) Game Based Learning 

 

Table 2.1. shows the gamification strategies that were 

identified in the 16 studies included in the meta-analysis. 

Each study employed one or more strategies to enhance 

mathematics learning, ranging from Game-Based Learning, 

Game Elements, Gaming Tools, Gamification Platforms, to 

Adaptive Gamified Assessment. This table demonstrates the 

diversity of approaches that educators and researchers have 

experimented with in applying gamification to mathematics 

education. 

 
Table 2.2: Frequency and Percentage of Effective Gamification 

Strategies in Mathematics Education 
 

Gamification Strategy Frequency (f) Percentage (%) 

Game-Based Learning 9 42.9 

Game Elements 6 28.6 

Gaming Tools 4 19.0 

Gamification Platform 1 4.8 

Adaptive Gamified Assessment 1 4.8 

Total 21 100.0 

 

Table 2.2. presents the frequency and percentage of these 

strategies. Among the five categories, Game-Based 

Learning emerged as the most frequently used strategy 

(42.9%). This finding highlights how games—such as 

simulations, immersive environments, tutorial games, and 

alternate reality games—are considered powerful tools for 

promoting conceptual understanding and problem-solving in 

mathematics. Game-Based Learning goes beyond simple 

motivation; it immerses learners in authentic contexts where 

abstract mathematical ideas are connected to real-world 

problem scenarios, thereby supporting both engagement and 

deeper learning (Li et al., 2023; Gui et al., 2023). 

The second most common approach was Game Elements 

(28.6%), which include points, badges, leaderboards, 

storytelling, and challenges. These elements are widely 

adopted because they appeal to students’ sense of 

achievement, competition, and progress (Zhang et al., 2022; 

Li et al., 2024. In mathematics, which many learners often 

perceive as difficult, these elements provide small but 

meaningful rewards that sustain effort and persistence 

(Puspitasari et al., 2023; Alotaibi, 2024). They also help 

transform mathematics learning into a more interactive and 

rewarding process, counteracting the anxiety and 

disengagement commonly associated with the subject 

(Malabayabas et al., 2024; Sulpico et al., 2024). 

Gaming Tools (19.0%), such as mobile devices, computers, 

and game applications, were also used but typically served 

as supportive mechanisms rather than central instructional 

strategies. Their role is primarily to facilitate access and 

delivery, indicating that the tools themselves are less 

impactful without being embedded within game-based 

pedagogical designs (Zeng et al., 2024; Rosil et al., 2025). 

Meanwhile, Gamification Platforms (4.8%) like Classcraft 

and Adaptive Gamified Assessment (4.8%) were the least 

frequently applied. This limited use may be attributed to the 

novelty of these approaches, resource constraints, or a lack 

of teacher training in integrating adaptive and platform-

based gamification systems (Zhang et al., 2021; Duterte, 

2024). However, their presence in the literature suggests a 

growing interest, particularly because adaptive assessments 

have strong potential for personalized learning—an area that 

mathematics education increasingly needs (Zhang et al., 
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2024; Li et al., 2024). 

 
Table 2.3: Results of the Multinomial Test on the Distribution of 

Gamification Strategies 
 

Multinomial Test 
 χ² df p VS-MPR* 

Multinomial 11.14 4 0.025 3.989 

Note. Chi-squared approximation may be incorrect 

* Vovk-Sellke Maximum p -Ratio: Based on the p -value, the 

maximum possible odds in favor of H₁ over H₀ equals 1/(-e p 

log(p)) for p ≤ .37 (Sellke, Bayarri, & Berger, 2001). 

 

Table 2.3. reports the results of the Multinomial Test, χ² (4) 

= 11.14, p = 0.025. The significant outcome means that the 

use of gamification strategies is not evenly distributed 

across studies. Instead, some strategies—particularly Game-

Based Learning and Game Elements—occur significantly 

more frequently than others. This result statistically supports 

the descriptive observation that these two strategies 

dominate mathematics gamification practices. 

 

 
 

Fig 2.1: Descriptive Plot of the Frequency Distribution of 

Gamification Strategies 

 

The descriptive plot (Figure 2.1) provides a visual 

representation of these findings. The tall bars representing 

Game-Based Learning and Game Elements clearly stand out 

compared to the much shorter bars for the other strategies. 

This visualization emphasizes the dominance of these two 

categories, making the disparity in usage immediately 

evident. By contrast, the minimal height of the bars for 

Gamification Platforms and Adaptive Gamified Assessment 

confirms their limited adoption. 

 

Summary of Findings 

Taken together, the results from the tables and figure 

suggest that educators and researchers are more comfortable 

and confident in adopting strategies that directly engage 

learners through gameplay and motivational elements, rather 

than through newer or more technologically complex 

approaches (Fadda et al., 2021; Wang et al., 2022; Li et al., 

2023). This pattern reflects both the accessibility and 

practicality of game-based learning and simple game 

elements in classroom settings (Zhang et al., 2022; Gui et 

al., 2023; Puspitasari et al., 2023). It also highlights an 

important implication: while Game-Based Learning and 

Game Elements are proven to be effective, there is untapped 

potential in further exploring Gamification Platforms and 

Adaptive Gamified Assessments to personalize and 

modernize mathematics instruction (Zhang et al., 2021; 

Duterte, 2024; Zeng et al., 2024). 

In summary, the analysis underscores a clear preference for 

approaches that blend fun, interaction, and challenge with 

mathematics instruction (Alotaibi, 2024; Malabayabas et al., 

2024; Sulpico et al., 2024). At the same time, the findings 

open up opportunities for innovation, particularly in 

integrating adaptive and platform-based gamification to 

address diverse learner needs and make mathematics more 

engaging, equitable, and effective (Zhang et al., 2024; Li et 

al., 2024; Rosil et al., 2025). 

 

III. Examining Publication Bias and Reliability of 

Finding 

In meta-analyses, one of the important considerations is 

whether the results of included studies are subject to 

publication bias, which occurs when studies with 

statistically significant or favorable results are more likely to 

be published than those with null or negative results. A 

common method to explore this is by examining the 

precision of effect size estimates, typically using the 

standard error (SE) as a guide. 

 
Table 3.1: Examining the Precision of Effect Size Estimates using Standard Error 

 

Author / Year Effect Size (ES) CI (95%) Standard Error (SE) Interpretation 

Fadda et al. (2021) 0.27 [0.14, 0.41] 0.07 Precise 

Zhang et al. (2021) 0.42 [0.28, 0.56] 0.07 Precise 

Zhang et al. (2022) 0.36 [0.22, 0.50] 0.07 Precise 

Zhang et al. (2024) 0.47 [0.30, 0.64] 0.09 Precise 

Wang et al. (2022) 0.67 [0.52, 0.81] 0.08 Precise 

Gui et al. (2023) 0.62 [0.50, 0.75] 0.06 Precise 

Li, et al. (2023) 0.41 [0.29, 0.53] 0.06 Precise 

Puspitasari et al. (2023) 0.52 [0.36, 0.68] 0.08 Precise 

Alotaibi (2024) 0.45 [0.31, 0.59] 0.07 Precise 

Li et al. (2024) 0.33 [0.24, 0.42] 0.05 Precise 

Zeng et al. (2024) 0.38 [0.32, 0.44] 0.03 Very Precise 

Duterte (2024) 0.40 [0.18, 0.62] 0.11 Moderate Precision 

Rosil et al. (2025) 0.55 [0.31, 0.79] 0.12 Moderate Precision 

Malabayabas et al. (2024) 0.49 [0.33, 0.65] 0.08 Precise 

Li et al. (2024) 0.33 [0.24, 0.42] 0.05 Precise 

Sulpico et al. (2024) 0.44 [0.20, 0.68] 0.12 Moderate Precision 

Legend: Very precise (SE < 0.05), precise (SE 0.05-0.10), moderate precision (SE 0.10-0.20), and low precision (SE>0.20) 
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The table provided summarizes several studies, reporting the 

effect size (ES), 95% confidence interval (CI), standard 

error (SE), and a categorization of precision. The SE 

measures the degree of uncertainty associated with each 

study’s estimated effect size. A smaller SE indicates that the 

effect estimate is more precise, meaning that repeated 

measurements in similar studies are likely to yield results 

close to the reported ES. Conversely, a larger SE reflects 

greater variability and less confidence in the effect estimate 

(Cochrane Training, 2020; StackExchange, 2021). The SE 

can be derived from the confidence interval using the 

formula: 

 

  
 

After examining the standard errors and categorizing the 

precision of effect sizes, researchers can use software such 

as JASP to create visual representations of the data. 

 
Table 3.2: Classical Meta-Analysis 

 

Meta-Analytic Tests 
 Test p 

Heterogeneity Qₑ(15) = 38.45 < .001 

Pooled effect z = 15.50 < .001 

 
Meta-Analytic Estimates 

  95% CI 95% PI 
 Estimate Lower Upper Lower Upper 

Pooled effect 0.435 0.38 0.49 0.259 0.611 

𝜏 0.085 0.039 0.15   

𝜏² 0.007 0.002 0.022   

I² 63.644 27.268 84.382   

H² 2.751 1.375 6.403   

 

Table 3.2 shows that the meta-analysis conducted examined 

the overall effects of gamification strategies on learning 

mathematics across multiple studies. The results of the 

model summary indicated a significant pooled effect size, 

suggesting that gamification has a positive impact on 

students’ learning outcomes. Specifically, the pooled effect 

size was 0.435 with a 95% confidence interval (CI) ranging 

from 0.380 to 0.490, representing a moderate effect. The 

prediction interval (PI) further showed that the true effect in 

future studies would likely fall between 0.259 and 0.611, 

reinforcing the robustness of the findings. 

In addition, tests for heterogeneity revealed that there was 

significant variability among the included studies. The Q-

test was statistically significant, and the I² value of 63.6% 

indicated that a substantial portion of the observed variance 

was due to real differences in effect sizes rather than chance. 

This suggests that although gamification generally improves 

learning outcomes, the degree of effectiveness may vary 

depending on factors such as the type of gamification 

strategy, student population, or educational setting (Fadda et 

al., 2021; Zhang et al., 2021; Wang et al., 2022; Gui et al., 

2023; Li et al., 2023; Puspitasari et al., 2023; Alotaibi, 

2024; Zeng et al., 2024; Duterte, 2024; Rosil et al., 2025). 

 

 
Model Information: Heterogeneity: Q (15) = 38.45, p < 0.001, τ = 

0.09 [0.04, 0.15], τ2 = 0.01 [0.00, 0.02], I2 = 63.64 [27.27, 84.38], 

H2 = 2.75 [1.37, 6.40], Pooled Effect. 
 

Fig 3.1: Forest Plot Showing the Individual and Pooled Effect 

Sizes of Gamification Strategies 

 

The forest plot illustrated the distribution of effect sizes 

across the individual studies. Each study reported a positive 

effect, with varying magnitudes, and the pooled estimate 

demonstrated a clear overall positive trend. Furthermore, the 

Model Information in the forest plot serves as the summary 

of the meta-analysis model results. Here’s what each part 

means in the output: 

▪ Q (15) = 38.45, p < 0.001 → This is Cochran’s Q test 

for heterogeneity. It tests whether the variability across 

the 16 studies (k = 16, so df = 15) is more than what 

would be expected by chance. Since p < 0.001, the 

studies are significantly heterogeneous. 

▪ τ = 0.09 [0.04, 0.15] → This is the square root of τ² (the 

between-study standard deviation). It shows the extent 

of variation in true effect sizes across studies. 

▪ τ² = 0.01 [0.00, 0.02] → This is the between-study 

variance estimate. 

▪ I² = 63.64 [27.27, 84.38] → This is the percentage of 

variability in effect sizes that is due to heterogeneity 

(real differences among studies) rather than sampling 

error. Here, about 64% of the variability comes from 

heterogeneity, which is considered moderate to 

substantial. 

▪ H² = 2.75 [1.37, 6.40] → Another measure of 

heterogeneity, representing the ratio of the observed 

variance to the expected variance under homogeneity. 

▪ Pooled Effect = 0.44 [0.38, 0.49], z = 15.50, p < 0.001 

→ This is the overall summary effect size (a moderate 

positive effect, highly significant). 

▪ PI [0.26, 0.61] → The prediction interval, showing the 

range in which, the true effect size of a future study 

would likely fall, considering heterogeneity. 

With these, the majority of studies clustered around the 

moderate effect size, but the presence of heterogeneity was 

visible in the spread of the confidence intervals, confirming 

that results were not entirely uniform. 
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Fig 3.2: Residual Plot Assessing Model Fit in the Meta-Analysis 

 

To assess the possibility of publication bias, a Residual 

Funnel Plot was generated. In an unbiased scenario, effect 

sizes should scatter symmetrically around the pooled mean 

within the inverted funnel-shaped region. In the current 

analysis, the plot displayed an approximately symmetrical 

distribution of points around the central line, with studies 

spread evenly on both sides. This indicates that there is no 

strong evidence of publication bias in the included studies. 

While minor asymmetry may appear due to sampling 

variation or heterogeneity, the overall shape suggests that 

the results were not disproportionately influenced by the 

selective publication of studies with larger or more 

favorable effects. 

In summary, the meta-analysis demonstrated that 

gamification strategies have a moderately positive and 

significant effect on learning mathematics (Fadda et al., 

2021; Zhang et al., 2021; Wang et al., 2022). Although 

heterogeneity was present, indicating that effectiveness 

varies across contexts (Zhang et al., 2022; Gui et al., 2023; 

Li et al., 2023; Puspitasari et al., 2023; Alotaibi, 2024), the 

evidence for publication bias was minimal. Therefore, the 

findings provide a credible and reliable conclusion that 

gamification can be an effective approach to enhancing 

mathematical learning outcomes (Zhang et al., 2024; Zeng 

et al., 2024; Duterte, 2024; Rosil et al., 2025; Malabayabas 

et al., 2024; Li et al., 2024; Sulpico et al., 2024). 

 

Conclusion and Recommendations 

This meta-analysis explored the overall effectiveness of 

gamification in mathematics education by synthesizing 

evidence from multiple studies. It highlights gamification’s 

potential to make mathematics more engaging, interactive, 

and rewarding, emphasizing its role in improving student 

motivation and persistence. The study underscores the 

importance of identifying which gamification strategies 

work best, as their thoughtful use can transform traditional 

classroom practices into more dynamic learning 

experiences. Based on these insights, the study recommends 

that teachers incorporate game-based activities and 

motivational elements into lessons to support deeper 

engagement in mathematics. Curriculum developers and 

training institutions are also encouraged to embed gamified 

practices into instructional design and professional 

development programs. Furthermore, future research should 

examine emerging strategies such as adaptive and platform-

based gamification, conduct longitudinal studies, and 

explore effects across diverse learner groups to ensure 

inclusive and equitable outcomes. Therefore, with 

thoughtful application, gamification can realize its full 

potential in transforming mathematics education, 

fundamentally shaping how the subject is taught, learned, 

and experienced. 
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