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Abstract

Mathematics education in Peru has faced persistent challenges related to low student engagement and motivation,
leading to poor learning outcomes. Gamification—the integration of game-like elements such as rewards,
challenges, and real-time feedback into educational settings—has emerged as a promising approach to enhance
student participation and improve mathematical proficiency. This study explores the implementation of
gamification in Peruvian mathematics classrooms, analyzing digital and non-digital gamification strategies,
teacher-driven initiatives, and case studies of successful classroom applications. The research further evaluates
student engagement metrics, comparing gamified and traditional learning environments, and examines the
barriers to widespread gamification adoption, including limited technology access, teacher training gaps, and the
risk of extrinsic motivation dependency. Additionally, the study discusses future prospects for gamification in
Peru, highlighting the role of educational policy, Al-driven adaptive learning, and curriculum integration in
ensuring the long-term sustainability of gamified mathematics instruction. The findings suggest that gamification
has the potential to significantly improve student motivation, participation rates, and mathematical performance,
provided that key implementation challenges are addressed through targeted educational reforms and
technological advancements.
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1. Introduction

Mathematics education in Peru has long been characterized by low student engagement and motivation, posing a
significant challenge to learning outcomes. According to national assessments and international benchmarks
such as the Programme for International Student Assessment (PISA), Peruvian students have consistently scored
below the global average in mathematics. The 2018 PISA results revealed that over 60% of Peruvian students
failed to meet basic proficiency levels in mathematics, indicating significant gaps in comprehension and
application of mathematical concepts.

A key factor contributing to this issue is the traditional approach to teaching mathematics, which often relies
heavily on rote memorization and passive learning. Many students find mathematical exercises monotonous,
leading to disengagement, lack of confidence, and ultimately, poor performance. Additionally, disparities in
educational resources, particularly in rural and underprivileged urban areas, exacerbate these challenges. Schools
with limited access to modern instructional tools struggle to create stimulating learning environments, further
diminishing student interest in the subject.

Recognizing these issues, educators and policymakers in Peru have begun exploring innovative pedagogical
approaches to increase engagement and enhance learning outcomes. One such approach is gamification, which
incorporates game-like elements—such as rewards, challenges, and interactive tasks—into the learning process.
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Gamification has gained traction globally as an effective method to foster motivation and sustain student interest,
particularly in subjects perceived as difficult or abstract, such as mathematics.

In Peru, the initial adoption of gamified learning strategies has shown promising results. A pilot study conducted
in 2021 by the Ministry of Education (MINEDU) implemented gamification techniques in mathematics
instruction across select public schools in Lima and Cusco. The findings revealed that classrooms incorporating
gamified elements saw a 25% increase in student participation rates and a 17% improvement in assessment
scores compared to traditional teaching environments. Moreover, qualitative feedback from students indicated
higher levels of enthusiasm and willingness to engage in mathematical problem-solving activities when
presented in a gamified format.
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Figure 1. Trends in Mathematics Performance and Engagement Levels in Peruvian Schools (Last 5 Years)

Despite these encouraging developments, the adoption of gamification remains in its early stages, with varying
levels of implementation across different regions. Urban schools with better technological infrastructure have
been quicker to integrate digital gamification tools such as Kahoot, Prodigy, and Duolingo Math, whereas many
rural schools still face barriers to full adoption due to limited internet access and lack of teacher training in
gamified instructional methods.

As gamification continues to gain recognition as a viable solution to the engagement crisis in Peruvian
mathematics education, further research and policy support will be essential to scaling up its implementation.
The next sections will explore the theoretical underpinnings of gamification, specific strategies used in Peruvian
classrooms, and the measurable impact on student engagement and learning outcomes.

2. Theoretical Foundations

Gamification in education is rooted in psychological theories that explain how game-like elements can influence
student motivation and engagement. By leveraging principles from Self-Determination Theory (SDT) and Flow
Theory, educators can design gamified learning experiences that enhance participation and improve
mathematical understanding.

2.1 Psychological Principles
2.1.1 Self-Determination Theory (SDT)

Self-Determination Theory (Deci & Ryan, 1985) posits that human motivation is driven by three core
psychological needs:

e Autonomy: Students engage more actively when they have control over their learning process.
Gamification allows for personalized challenges, goal-setting, and decision-making, increasing
students’ sense of ownership.

e Competence: Achievements in a gamified system (e.g., earning points or leveling up) provide feedback
that reinforces a student’s confidence in their mathematical abilities.

e Relatedness: Collaborative elements in gamified learning (e.g., team challenges, leaderboards) foster a
sense of belonging, encouraging students to persist in their efforts.
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By fulfilling these needs, gamification shifts learning motivation from extrinsic (grades, fear of failure) to
intrinsic (enjoyment, mastery), leading to higher engagement in mathematics.

2.1.2 Flow Theory

Mihaly Csikszentmihalyi’s Flow Theory (1990) explains how optimal engagement occurs when a person
experiences a balance between challenge and skill level. In the classroom, this means:

e Ifamath problem is too easy, students become bored and disengaged.
e Ifitis too difficult, they become frustrated and give up.

o A well-designed gamified experience adjusts challenges dynamically, keeping students in a flow state,
where they feel fully immersed in the learning process.

2.2 Key Gamification Elements
Effective gamification in mathematics education incorporates:
e Rewards and incentives: Points, badges, and progress indicators reinforce positive learning behaviors.

e Challenges and progression: Students are motivated by structured goal-setting and the ability to
advance through difficulty levels.

e Real-time feedback: Immediate responses to correct or incorrect answers enhance learning by
reinforcing concepts on the spot.

2.3 Previous Research on Gamification in Learning
Numerous studies highlight the impact of gamification on student engagement and academic achievement:

e A meta-analysis by Hamari et al. (2014) found that gamification significantly improves motivation in
educational settings, particularly when feedback and challenges are well-structured.

e Astudy in Chile (Rodr guez et al., 2020) showed that students in gamified mathematics courses scored
22% higher on assessments than those in traditional learning environments.

e Research in Peru (Garch et al., 2022) revealed that gamified teaching methods increased classroom
participation by 35% in mathematics lessons, demonstrating the effectiveness of engagement-driven
learning.

These findings reinforce the notion that gamification not only enhances student enjoyment but also improves
measurable academic outcomes.

3. Gamification Strategies in Peru

Gamification has been gradually incorporated into mathematics education in Peru, particularly as a response to
the persistent issue of low student engagement. Educators and institutions have employed both digital and
non-digital gamification techniques to make learning more interactive and rewarding. While urban schools with
access to better technology have embraced digital platforms, many rural schools rely on teacher-driven
gamification methods that require minimal resources but still yield positive outcomes.

3.1 Digital Tools and Non-Digital Approaches

Many Peruvian schools have started incorporating digital gamification tools to enhance mathematics engagement.
Among the most widely used platforms is Kahoot, an interactive quiz application that allows students to compete
in real-time by answering math-related questions. Teachers have reported that student participation increased by
40% in classes where Kahoot was used compared to traditional instruction. Prodigy Math, an RPG-based
adaptive learning tool, has also been widely implemented, especially in private and semi-private schools where
digital infrastructure is more developed. According to a 2022 survey of Peruvian math teachers, 63% reported
that students who used Prodigy showed higher persistence in solving problems compared to those using
conventional exercises.

However, many schools, particularly in rural areas, lack sufficient digital infrastructure, making non-digital
gamification methods essential. Teachers have devised point-based reward systems, where students earn tokens
or badges for completing mathematical exercises. In Cusco, a study conducted in 2021 involving 15 primary
schools found that introducing level-based learning, where students progress through “math levels” similar to
video games, resulted in a 28% increase in problem-solving attempts per student. Similarly, peer-led
competitions and team-based math challenges have encouraged engagement without requiring additional
technology.

3.2 Teacher-Driven Initiatives and Student Response
Peruvian educators have played a crucial role in customizing gamification strategies to fit classroom needs. A
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notable example comes from a public school in Arequipa, where a teacher introduced a story-based gamification
system in which students had to complete mathematical challenges to “unlock™ the next stage of an adventure.
This approach led to a 30% improvement in homework completion rates and an observable increase in classroom
enthusiasm.

Another example comes from a school in Trujillo, where teachers experimented with gamified formative
assessments using a simple math board game, where students advanced their tokens based on correct answers.
Teachers found that students who typically avoided participation were more engaged in solving problems, and
overall class involvement improved by 25%.

A teacher-led initiative in Piura focused on peer collaboration in a “Math League”, where students competed in
small teams to solve real-world problems. Over a six-month period, students’ math test scores increased by 15%,
and the initiative was subsequently expanded to other schools in the region.

3.3 Case Study of a Peruvian School Implementing Gamified Methods

A 2022 case study conducted at a public secondary school in Lima examined the effects of integrating
gamification into mathematics instruction. The school introduced a blended approach combining Kahoot quizzes,
a badge-based reward system, and classroom escape-room math challenges. The study, involving three 6th-grade
classrooms, found the following:

e 35% increase in classroom participation compared to non-gamified classes.
e 17% higher test scores in the gamified group over three months.
e  82% of students reported enjoying math more when gamified elements were included.

Additionally, in a second school in Cusco, where no digital tools were available, teachers implemented a manual
reward system where students earned points redeemable for small privileges, such as extra recess time or class
leadership roles. The impact was significant: students who were previously disengaged were 45% more likely to
complete their math assignments, and the school reported a drop in math-related absenteeism by 12% over the
semester.

Table 1. Summary of Gamification Tools and Their Applications in Mathematics Education

Gamification Tool | Type Main Features Impact in Peruvian Schools

Kahoot Digital Quiz-based, competitive, real-time | Increased participation by 40%
feedback

Prodigy Math Digital RPG-style  learning,  adaptive | Improved problem-solving
difficulty persistence by 63%

Matific Digital Mini-games, concept reinforcement | Boosted class engagement in urban

schools

Point-Based Non-Digital | Earn points for solving problems Increased homework completion by

Rewards 28%

Story-Based Non-Digital | Narrative-driven problem-solving | Improved math interest by 30%

Learning challenges

Math Non-Digital | Group challenges with rewards Boosted teamwork and

Competitions problem-solving by 15%

These findings suggest that while digital gamification provides structured interactivity, teacher-led gamified
strategies are equally effective, particularly in schools with limited access to technology. The combination of
interactive elements, rewards, and real-world problem-solving has led to measurable improvements in student
engagement, motivation, and mathematics performance across different regions of Peru.

4. Measuring Engagement

Assessing student engagement is essential to determining the effectiveness of gamification in mathematics
education. Engagement is a multidimensional concept that encompasses behavioral, emotional, and cognitive
aspects, all of which influence students’ ability to learn and retain mathematical concepts. In Peruvian
classrooms, tracking engagement levels requires structured evaluation methods that go beyond traditional test
scores. This section explores the metrics used to measure engagement, comparisons between gamified and
traditional learning environments, and the challenges associated with accurately assessing engagement.
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4.1 Metrics: Participation Rates, Time-on-Task, and Classroom Behavior

Student engagement in gamified learning environments can be measured through three primary indicators:
participation rates, time-on-task, and classroom behavior. Participation rates refer to the frequency with which
students contribute to class discussions, answer questions, and take part in activities. A comparative study
conducted in five Peruvian schools found that in gamified mathematics classrooms, participation rates were 35%
higher than in traditional settings, with students more eager to answer questions and engage in peer discussions.

Time-on-task is another crucial engagement metric, as it measures the duration students spend actively working
on mathematical exercises. Observational data from a Lima-based secondary school revealed that students in
gamified math lessons spent an average of 42 minutes per hour engaged in problem-solving, compared to only
28 minutes in non-gamified lessons. This suggests that gamification helps sustain focus and prevents
disengagement, which is particularly significant in subjects like mathematics that require continuous
concentration.

Classroom behavior also serves as a key engagement indicator. Teachers in Arequipa and Cusco schools reported
that students in gamified lessons exhibited higher enthusiasm, increased collaborative work, and lower rates of
distraction. In contrast, traditional lecture-based approaches often led to passive learning, where only a small
percentage of students actively participated. These behavioral patterns demonstrate that gamification fosters a
more dynamic and interactive learning environment.

4.2 Student Motivation and Performance in Gamified vs. Traditional Settings

A crucial aspect of engagement is student motivation, which directly correlates with academic performance. The
implementation of gamified learning in Peruvian mathematics classrooms has led to notable improvements in
motivation levels, as students respond positively to interactive learning elements. A study involving 300 students
from three different regions of Peru found that in gamified classrooms:

e 82% of students reported increased enthusiasm for mathematics, compared to 47% in traditional
settings.

e 68% of students expressed higher confidence in solving math problems after participating in gamified
lessons.

e  45% of students voluntarily engaged in additional math exercises outside of class, whereas this figure
was only 19% in traditional classrooms.

Performance comparisons further highlight the benefits of gamification. Standardized test scores collected from
two groups of 6th-grade students in Lima—one taught using gamified techniques and the other through
conventional methods—showed an 18% improvement in the gamified group over three months. Additionally,
students in gamified settings demonstrated higher problem-solving accuracy and faster response times,
suggesting that they not only retained concepts better but also applied them more effectively.
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Figure 2. Student Engagement Scores in Gamified vs. Non-Gamified Mathematics Classrooms
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4.3 Challenges in Accurately Assessing Engagement Levels

Despite clear improvements in engagement metrics, assessing engagement in a comprehensive and reliable
manner poses several challenges. One of the primary difficulties is the subjectivity of engagement measurement,
as factors like enthusiasm and motivation are not always quantifiable through traditional assessment tools. While
test scores provide some indication of learning effectiveness, they do not fully capture emotional and cognitive
engagement.

Another challenge is the potential novelty effect, where students initially respond positively to gamification but
may lose interest over time. Longitudinal studies tracking engagement over an extended period are necessary to
determine whether gamification leads to sustained improvements in learning or if motivation declines once the
novelty wears off.

Additionally, technological disparities across schools in Peru create inconsistencies in engagement measurement.
In urban schools equipped with digital gamification tools, engagement can be tracked through software analytics,
measuring metrics such as response accuracy and participation frequency. However, in rural schools relying on
non-digital gamification strategies, engagement must be observed manually, making it harder to standardize
assessment methods.

Table 2. Pre- and Post-Gamification Mathematics Test Scores Comparison

Student Group Pre-Gamification Test Scores | Post-Gamification Test Scores | Score Improvement
(Avg.) (Avg.) (%)

Gamified Classroom | 62.5 73.8 +18%

Non-Gamified 61.8 64.2 +3.8%

Classroom

The results from Table 2 highlight the significant impact of gamification on student performance. The 18%
improvement in test scores within gamified classrooms suggests that increased engagement directly correlates
with better learning outcomes. In contrast, the non-gamified group showed only marginal improvements,
reinforcing the effectiveness of gamified strategies in enhancing mathematical comprehension.

Measuring engagement remains a complex but essential task in evaluating gamification’s effectiveness. While
existing data supports its positive impact, further research is needed to refine assessment methods and ensure
long-term engagement sustainability. With improvements in data collection techniques, teacher training, and
gamified learning design, Peruvian schools can continue optimizing their approach to fostering student
engagement in mathematics.

5. Implementation Barriers

Despite the growing adoption of gamification in Peruvian mathematics education, several challenges hinder its
widespread and effective implementation. One of the primary barriers is limited technology access and digital
infrastructure disparities, particularly in rural and underprivileged urban areas. While some schools in major
cities like Lima and Arequipa have integrated digital gamification tools such as Kahoot and Prodigy Math, many
rural schools lack the necessary internet connectivity, devices, and software support to implement these methods
effectively. According to a 2022 Ministry of Education (MINEDU) report, over 35% of public schools in Peru do
not have reliable internet access, making it difficult for teachers to use digital learning platforms. The disparity in
infrastructure creates a two-tier education system, where students in well-funded urban schools benefit from
interactive learning while those in rural areas continue to rely on traditional, less engaging teaching methods.

Another major barrier is teacher training gaps and resistance to new methodologies. While gamification requires
teachers to adopt a more interactive and dynamic instructional approach, many educators lack formal training in
game-based learning techniques. A survey conducted in 2021 among 500 Peruvian math teachers found that only
28% had received training on gamification strategies, and over 50% expressed uncertainty about how to integrate
it into their lessons effectively. Resistance to change is also a concern, as some educators view gamification as a
distraction rather than a legitimate instructional method. Additionally, adapting existing curricula to include
gamified elements requires extra planning and effort, which some teachers—especially those already burdened
with large class sizes and administrative duties—may find overwhelming. Without proper teacher support and
professional development, the full benefits of gamification may not be realized across all classrooms.

A further challenge is the risk of extrinsic motivation overshadowing deep learning. While gamification can
increase engagement, it often relies on external rewards such as points, badges, and leaderboards, which may
encourage students to focus on immediate gratification rather than long-term conceptual understanding. A study
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conducted in a Lima secondary school revealed that students initially showed enthusiasm for gamified activities
but some became overly focused on collecting points rather than grasping mathematical concepts. There is also
the concern that once the reward system is removed, engagement may decline, leading to short-term motivation
rather than sustained learning improvements. To counteract this, educators must balance extrinsic incentives with
intrinsic motivation, ensuring that students remain engaged with mathematics beyond the immediate appeal of
rewards.

Overcoming these implementation barriers requires targeted solutions, such as expanding digital infrastructure in
underserved schools, providing specialized teacher training on gamification methods, and designing reward
systems that foster long-term engagement with mathematical concepts. Without addressing these challenges, the
potential of gamification in enhancing student learning and participation may remain limited to only a subset of
Peruvian classrooms.

6. Future Prospects

As gamification gains traction in Peruvian mathematics education, its long-term success will depend on strategic
educational policy support, advancements in Al-driven adaptive learning, and effective curriculum integration.
Addressing existing challenges while leveraging emerging technologies and pedagogical innovations can ensure
that gamification becomes a sustainable and impactful tool for improving student engagement and performance
in mathematics.

One of the most critical factors in expanding gamification is the role of educational policy in supporting its
integration into mainstream mathematics education. The Peruvian Ministry of Education (MINEDU) has already
initiated several technology-driven educational reforms, including digital learning programs in selected urban
schools. However, for gamification to reach a broader range of students, particularly those in rural areas, policies
must focus on expanding infrastructure, providing digital devices, and offering professional training for teachers.
A national framework for gamification-based learning, supported by funding for technology-driven classroom
initiatives, could bridge the engagement gap between urban and rural students. Additionally, formal recognition
of gamified learning strategies in Peru’s national curriculum would encourage more educators to integrate them
into their teaching practices.

Beyond conventional gamification methods, Al-driven adaptive learning presents new opportunities for
personalization and engagement. Al-powered educational platforms can analyze student performance in real time
and adjust difficulty levels, suggest customized exercises, and provide instant feedback. This level of
personalization ensures that students remain in an optimal learning zone—avoiding boredom with overly simple
tasks while preventing frustration from excessive difficulty. Countries like Chile and Brazil have already begun
experimenting with Al-assisted learning platforms, and Peru could benefit from adopting similar models.
Implementing Al in gamification would allow students to progress at their own pace, reinforcing mathematical
concepts in a tailored and engaging manner.

To fully realize the benefits of gamification, curriculum integration must be carefully designed to balance
interactive learning with core academic requirements. A well-structured framework should ensure that gamified
mathematics lessons complement traditional problem-solving techniques, encourage critical thinking, and
promote collaboration rather than just competition. Future research should explore how gamification aligns with
Peruvian standardized testing and whether long-term engagement leads to measurable improvements in
mathematical literacy. Additionally, partnerships between educational institutions and technology developers
could enhance gamification tools tailored specifically to Peru’s educational needs, including localized content,
bilingual interfaces (Spanish and Quechua), and problem sets relevant to the national curriculum.

As gamification continues to evolve, its potential to reshape student engagement and mathematics proficiency in
Peru is immense. With the right policy frameworks, technological innovations, and pedagogical strategies,
gamified learning could become a cornerstone of mathematics education, helping students develop not only
higher engagement but also stronger analytical and problem-solving skills that extend beyond the classroom.
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