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Abstract 
Mathematics education, particularly Discrete Mathematics, faces significant pedagogical challenges in higher 

education institutions due to its abstract nature and complexity. Traditional teaching methodologies often fail to 

engage students adequately, resulting in poor academic performance and low motivation. This comprehensive 

review and empirical study examine the integration of gamification strategies with mobile technology as a means 

to enhance mathematics learning outcomes. Drawing from recent quasi-experimental research involving 178 

university students, we investigate how game-based learning activities implemented through mobile platforms 

affect both student engagement and academic performance in Discrete Mathematics courses. The experimental 

group (n=88) participated in gamified learning activities including competitive problem-solving games, 

crossword puzzles, and point-based reward systems accessible via mobile devices, while the control group (n=90) 

received traditional instruction. Pre-test and post-test assessments measuring academic performance and 

engagement across seven dimensions (autonomy, satisfaction with study materials, well-being, self-efficacy, 

classroom activity, feedback, and learning environment) revealed statistically significant improvements (p < .001) 

in the experimental group compared to the control group. The experimental group showed a 1.16-point 

improvement in academic performance versus 0.11 points in the control group, with engagement levels increasing 

substantially across all measured dimensions. These findings suggest that mobile technology-enabled 

gamification represents a promising pedagogical approach for mathematics education, particularly for complex 

subjects requiring sustained cognitive engagement. 
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I. Introduction 
Mathematics education in higher education institutions continues to present significant challenges for 

both educators and learners. Among various mathematical disciplines, Discrete Mathematics (DM) occupies a 

particularly important position in computational and engineering curricula, encompassing specialized topics such 

as Graph Theory, Combinatorial Analysis, Logic, Recurrence Relations, and Set Theory (García-Hernández & 

González-Ramírez, 2021; Pokorny, 2013). The significance of DM extends beyond theoretical knowledge, serving 

as a foundational framework for modeling and simulating computational structures and problem-solving processes 

essential for computer science and software engineering (González-Ramírez & García-Hernández, 2020). 

Despite its critical importance, DM instruction predominantly relies on traditional pedagogical 

approaches characterized by teacher-centered delivery, passive student reception, and limited interactive 

engagement (Liang et al., 2020). This conventional methodology frequently results in student disengagement, 

reduced motivation, and suboptimal learning outcomes. Research indicates that when students lack intrinsic 

interest in mathematical subjects, their attention diminishes, effort decreases, and academic performance suffers 

accordingly (Gil-Doménech & Berbegal-Mirabent, 2019). 

The proliferation of mobile technology and its ubiquitous presence in students' daily lives presents 

unprecedented opportunities for educational innovation. Mobile devices offer unique affordances for learning, 

including accessibility, portability, interactivity, and the potential for personalized learning experiences 

(Crompton & Burke, 2018). When combined with gamification principles—the application of game design 

elements and game mechanics in non-game contexts—mobile technology can transform traditional educational 

environments into engaging, motivating, and effective learning ecosystems (Deterding et al., 2011). 

http://www.questjournals.org/
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1.1 Theoretical Framework 

Gamification in education draws upon multiple theoretical foundations including Self-Determination 

Theory (Deci & Ryan, 2000), Flow Theory (Csikszentmihalyi, 1990), and Cognitive Load Theory (Sweller, 1988). 

Self-Determination Theory posits that human motivation flourishes when three fundamental psychological needs 

are satisfied: autonomy (sense of volition), competence (sense of effectiveness), and relatedness (sense of 

connection). Gamification elements such as choice, challenges, and social interaction directly address these needs 

(Ryan & Deci, 2017). 

 

1.2 Research Objectives 

This study addresses the following research questions: (1) How does mobile technology-enabled gamification 

affect academic performance in Discrete Mathematics compared to traditional instruction? (2) What is the impact 

of gamified mobile learning on student engagement dimensions including autonomy, satisfaction, well-being, self-

efficacy, classroom activity, feedback perception, and learning environment? (3) What are the differential effects 

of gamification across various engagement dimensions, and which dimensions show the most substantial 

improvements? 

 

II. Literature Review 
2.1 Challenges in Mathematics Education 

Mathematics education faces multiple interconnected challenges. Students frequently perceive 

mathematics as abstract, difficult, and irrelevant to their lives (Boaler, 2016). This perception contributes to 

mathematics anxiety—a feeling of tension and apprehension that interferes with mathematical problem-solving 

and number manipulation (Ashcraft & Kirk, 2001). Mathematics anxiety negatively correlates with mathematics 

performance and can create self-perpetuating cycles of avoidance and underachievement (Foley et al., 2017). 

 

2.2 Gamification in Educational Contexts 

Gamification—defined as the use of game design elements in non-game contexts (Deterding et al., 

2011)—has gained substantial attention as a pedagogical strategy across educational levels and disciplines. Meta-

analyses of gamification research indicate generally positive effects on learning outcomes, though effect sizes 

vary considerably depending on implementation quality, subject matter, and learner characteristics (Sailer & 

Homner, 2020). 

 

2.3 Mobile Technology in Mathematics Learning 

Mobile devices offer unique affordances for mathematics education including ubiquitous access, 

multimodal representation capabilities, and support for collaborative and personalized learning (Crompton & 

Burke, 2018). Mobile applications can provide immediate feedback, adaptive difficulty adjustment, and rich 

visualizations that support conceptual understanding (Fabian et al., 2018). 

 

III. Methodology 
3.1 Research Design 

This study employed a quasi-experimental pretest-posttest control group design to investigate the effects of mobile 

technology-enabled gamification on academic performance and engagement in Discrete Mathematics. Quasi-

experimental designs, while lacking random assignment, provide valuable insights into educational interventions 

in naturalistic settings where random assignment is impractical or unethical (Campbell & Stanley, 1963). 

 

3.2 Participants 

Participants comprised 178 first-year university students enrolled in Discrete Mathematics courses at Universidad 

de las Ciencias Informáticas, Cuba. The sample included 88 students in the experimental group and 90 students 

in the control group. All participants were pursuing degrees in computer science or related computational fields, 

representing typical populations for Discrete Mathematics instruction. 

 

3.3 Instructional Intervention 

The experimental intervention consisted of gamified learning activities delivered through mobile-

accessible web platforms over eight lessons, representing approximately 25% of the complete Discrete 

Mathematics course. The experimental group participated in competitive problem-solving games where students 

answered various questions associated with Discrete Mathematics to obtain points. Depending on the complexity 

of the question, points were awarded from 1 to 5 (where 5 represents the maximum complexity). The highest 

scoring students received academic rewards as validation of assessments. 

Students also engaged with crossword puzzles as gamified learning activities. Completing a crossword 

represented a level of mastery over the topic at hand. Additionally, students could propose exercises for the 
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competition, and if accepted by the professor, they received bonus points. The control group received traditional 

instruction featuring teacher-led lectures presenting theoretical concepts, worked examples demonstrating 

problem-solving procedures, and assigned exercises for independent practice. 

 

3.4 Measures and Instruments 

Academic performance was measured using institutionally standardized examinations aligned with course 

learning objectives on a 5-point scale (2 = failure, 3 = passing, 4 = good, 5 = excellent). Student engagement was 

assessed using a validated multidimensional instrument measuring seven dimensions: Level of Autonomy, 

Satisfaction with Study Materials, Student Well-being, Student Self-efficacy, Activity in the Classroom, 

Feedback, and Learning Environment. Each dimension was measured using multiple items on a 5-point Likert 

scale. 

 

3.5 Data Analysis 

Normality of dependent variable distributions was assessed using Kolmogorov-Smirnov tests. 

Independent samples t-tests compared gain scores (posttest minus pretest) between experimental and control 

groups. Levene's test verified homogeneity of variance assumptions. Alpha level was set at .001. 

 

IV. Results 
4.1 Academic Performance Outcomes 

Table 1 presents descriptive statistics and inferential test results for academic performance in Discrete 

Mathematics. The experimental group demonstrated substantial improvement from pretest (M = 2.81) to posttest 

(M = 3.97), representing a mean gain of 1.16 points. In contrast, the control group showed minimal change from 

pretest (M = 2.78) to posttest (M = 2.89), with a mean gain of only 0.11 points. 

 

 
Variable Control 

Pre 

Control 

Post 

Control 

Gain 

Exp. Pre Exp. Post Exp. Gain Diff. p 

Academic 

Performance 

2.78 2.89 0.11 2.81 3.97 1.16 1.05 <.001 

Table 1. Academic Performance Pretest, Posttest, and Gain Scores by Group 

 

4.2 Student Engagement Outcomes 

Table 2 presents comprehensive results for all seven engagement dimensions. The experimental group 

demonstrated substantial improvements across all engagement dimensions, while the control group showed 

minimal or inconsistent changes. All engagement dimension comparisons yielded p-values < .001. 

 
Engagement 

Dimension 

Control 

Pre 

Control 

Post 

Control 

Gain 

Exp. Pre Exp. Post Exp. Gain Diff. p 

Level of 

Autonomy 

3.54 3.62 0.08 3.21 4.28 1.07 0.99 <.001 

Satisfaction 

with 

Materials 

1.93 1.85 -0.08 1.78 4.57 2.79 2.87 <.001 

Student 

Well-being 

2.18 2.23 0.05 2.08 3.12 1.04 0.99 <.001 

Student Self-

efficacy 

1.78 2.01 0.23 2.12 4.19 2.07 1.84 <.001 

Activity in 

Classroom 

2.21 2.87 0.06 2.52 3.99 1.47 1.41 <.001 

Feedback 2.72 2.58 -0.14 2.64 4.15 1.51 1.65 <.001 

Learning 
Environment 

3.02 3.17 0.15 2.99 4.15 1.16 1.01 <.001 

Table 2. Student Engagement Dimension Scores by Group and Time 

 

Satisfaction with Study Materials exhibited the largest improvement in the experimental group (gain = 2.79), 

increasing from 1.78 to 4.57. Student Self-efficacy also showed substantial improvement (gain = 2.07, from 2.12 

to 4.19). Feedback perception improved considerably (gain = 1.51) while declining in the control group. Activity 

in the Classroom increased substantially for the experimental group (gain = 1.47 versus 0.06 for controls). 

 

V. Discussion 
This quasi-experimental study provides robust evidence that mobile technology-enabled gamification 

significantly enhances both academic performance and multidimensional engagement in university-level Discrete 

Mathematics instruction. The experimental group's substantial improvements across all measured outcomes 
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compared to the control group's minimal changes strongly suggest that gamification represents an effective 

pedagogical approach for this challenging subject. 

 

5.1 Academic Performance Improvements 

The experimental group's 1.16-point improvement in academic performance versus the control group's 

0.11-point gain demonstrates gamification's substantial impact on learning outcomes. Several mechanisms likely 

contributed to these performance gains: (1) the competitive problem-solving format encouraged repeated practice, 

(2) immediate feedback enabled rapid error correction, (3) adaptive difficulty through point-weighted problems 

allowed appropriate challenge levels, and (4) mobile accessibility enabled learning during otherwise unutilized 

time periods. 

 

5.2 Engagement Dimension Improvements 

The comprehensive engagement improvements across all seven dimensions provide insight into how 

gamification affects the student learning experience. Satisfaction with Study Materials showed the largest 

improvement, reflecting students' strong preference for interactive, game-based activities over traditional 

textbooks and lecture notes. Enhanced self-efficacy likely resulted from mastery experiences—successfully 

solving progressively challenging problems provided concrete evidence of competence. 

 

5.3 Practical Implications 

These results carry several implications for mathematics education practice: (1) Mathematics curricula 

should incorporate gamified learning activities, particularly for topics students find challenging, (2) Institutions 

should invest in mobile-accessible learning platforms that support gamification, (3) The point-based reward 

system could complement traditional assessments, and (4) Mathematics educators require training in gamification 

principles and implementation strategies. 

 

5.4 Limitations and Future Directions 

Several limitations warrant consideration. First, the quasi-experimental design limits causal inference 

compared to randomized controlled trials. Second, the eight-lesson duration represents only 25% of the complete 

course. Third, the study occurred in a single institution. Future research directions include: developing native 

mobile applications, examining different gamification elements' relative contributions, investigating individual 

differences, conducting longitudinal studies, and exploring collaborative gamification approaches. 

 

VI. Conclusion 
This study demonstrates that integrating gamification principles with mobile technology creates a 

powerful pedagogical approach for university-level Discrete Mathematics instruction. The experimental group's 

substantial improvements in both academic performance (1.16-point gain versus 0.11 for controls) and all seven 

engagement dimensions provide compelling evidence of gamification's effectiveness. 

The results suggest that gamified mobile learning addresses core challenges in mathematics education 

by transforming abstract, challenging content into engaging, accessible activities that students perceive as 

enjoyable rather than onerous. The intervention enhanced students' satisfaction with materials, self-efficacy, 

feedback perception, classroom activity, learning environment perceptions, autonomy, and well-being—

representing comprehensive improvements in the learning experience. 

As mathematics education continues evolving in response to technological advances and changing 

student characteristics, gamified mobile learning represents a promising direction worthy of further investment 

and research. The challenge moving forward is not whether to gamify but how to gamify most effectively. This 

study contributes to that ongoing conversation by demonstrating that thoughtfully designed, theoretically 

grounded gamification can significantly enhance mathematics learning outcomes and student engagement. 
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