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ABSTRACT

This study explores how teachers’ knowledge of gamification, motivation,
and self-efficacy influences student engagement in junior high school
mathematics classrooms in Ghana. Grounded in Bandura’s social
cognitive theory, Astin’s involvement theory, and Tinto’s interactionalist
theory, this research addresses the urgent need for engaging, student-
centered instruction in underresourced settings. Using a cross-sectional
design, we surveyed 155 mathematics teachers and analyzed the data via
structural equation modeling. The results revealed that higher self-
efficacy predicted greater gamification use, whereas motivation showed a
surprising inverse relationship. Both motivation and knowledge of
gamification boosted student engagement. These findings underscore the
need for targeted teacher training, providing actionable insights to
enhance mathematics education and improve learning outcomes through
gamified instruction.
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INTRODUCTION

This study treats gamification as an active teaching strategy,
placing it on equal footing with traditional methods such as discussion and
question-and-answer techniques. In this context, a survey is used to
evaluate teachers' familiarity with the implementation of gamification as a
teaching and learning strategy. Gamification involves integrating game
design elements into nongame contexts to enhance engagement,
motivation, and learning outcomes, making it highly relevant to
educational practices (Annan-Brew et al., 2023; Baral, 2025;_Baral et al.,
2025). Common game-like elements include awarding points and badges
for task completion and milestone achievements, using leaderboards to
foster healthy competition, and implementing levels or progression to
maintain student interest and provide a sense of advancement. Challenges
and quests actively transform learning into an interactive and contextually
meaningful experience, whereas immediate feedback allows students to
recognize and correct mistakes in real time, enhancing learning efficiency
(Dichev & Dicheva, 2017; Annan-Brew et al., 2024). Storytelling and
narratives also increase student engagement by making content more
memorable and emotionally resonant (Kapp 2012; Dontoh et al., 2023).
Although technology can support gamified learning environments, it is not
a prerequisite. Simple adaptations such as converting a traditional quiz into
a Jeopardy-style game can gamify instruction without advanced tools,
fostering enjoyment and participation (Landers, 2014). These strategies
demonstrate that effective gamification relies more on thoughtful design
than on digital sophistication.

Mathematics stands as a cornerstone for nurturing logical thinking
and cognitive abilities in students (Baral et al., 2025). Its significance
extends beyond the classroom, influencing various scientific disciplines
such as engineering, physics, and statistics (Ganal & Guiab, 2014; Dadzie
& Annan-Brew, 2023). Despite its importance, many students perceive
mathematics as daunting and uninteresting, a concern echoed in
international assessments. Reports from the Programme for International
Student Assessment (PISA) and the Trends in International Mathematics
and Science Study (TIMSS) consistently reveal that a significant
proportion of students demonstrate low interest and confidence in
mathematics, often associated with anxiety and disengagement (OECD,
2019; Mullis et al., 2020). These findings underscore the pressing need for
innovative instructional strategies, such as gamification, to transform the
way students experience mathematics and promote deeper engagement.
This perception often stems from negative experiences and anxiety
developed during earlier academic years, leading to self-doubt and
underperformance, especially among junior high school students (Lopez-
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Belmonte et al., 2020; Dadzie & Ahorsu-Walker, 2022; Kpodoe et al.,
2023). Teachers must create a conducive learning environment where
students can engage with mathematics positively. This requires not only a
deep understanding of the subject but also the use of engaging, student-
centered teaching methods to facilitate effective learning (Xi & Hamari,
2019). By embracing diverse instructional approaches and fostering a
supportive atmosphere, teachers can empower students to overcome
mathematics anxiety and thrive in their academic journeys.

The teaching and learning of mathematics have garnered
significant attention from researchers, who are delving into both
traditional and modern instructional approaches (Boaler, 2015; Radovic et
al., 2017; Hiebert, 2007; Kapp, 2012; Landers, 2014). Scholars emphasize
the significant role of students' attitudes, expectations, and emotions in
influencing their performance in mathematics (Tran & Nguyen, 2021).
Addressing students' motivational challenges has emerged as a critical
concern in education (Rozhenko, 2021; Dadzie, 2022). Teachers today
grapple with the task of adapting to the changing needs and preferences of
learners, particularly those who have grown up in a digitally driven era
(Chin & Fu, 2021). According to Ezugwu et al. (2024) and Dadzie et al.
(2024), teachers with high subject matter expertise tend to exhibit
increased self-efficacy and motivation, enabling them to engage students
in the learning process effectively. However, past studies have shown that
teachers frequently use only a narrow range of tactics to enhance students'
involvement and achievement in mathematics (Huang et al., 2021;
Amponsah et al., 2024; Baral, 2025;_Baral et al., 2025). Motivated by
innovative pedagogical approaches, there is a growing momentum in the
development of new methods that inspire active participation and
engagement among learners.

In the last few years, teachers have increasingly acknowledged the
benefits of educational games in improving students' ability to remember
information and develop problem-solving, communication, and teamwork
skills. By integrating traditional game-based learning methods into
mathematics classes, teachers can increase their confidence and
enthusiasm, which in turn can positively affect how engaged and
successful students are (Mohd et al., 2021). This method shows potential
for addressing the difficulties that educational institutions encounter in
encouraging student participation and involvement within the classroom
setting (Lee & Hammer, 2011). The concept of "gamification" involves
using elements of games in nongaming situations, such as educational
environments (Manzano-Leon et al., 2021). When teachers incorporate
elements and designs inspired by gamification into their traditional
teaching approaches, they can craft engaging educational experiences that
motivate students to actively participate in classroom activities (Manzano-
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Leodn et al., 2021; Garcia-Hernandez & Gonzalez-Ramirez, 2021; Surman
et al., 2024). However, it is important to recognize, as highlighted by Mora
et al. (2017), that numerous gamification implementations are developed
without a structured design process and may not consistently adhere to
theoretical frameworks. As a result, the efficacy of gaming elements in
these gamified applications may not consistently achieve their intended
goals (Manzano-Leon et al., 2021; Surman et al., 2024).

Previous research has extensively documented the benefits of
incorporating gamification in education, showing that it enhances students'
communication with both peers and teachers, ultimately increasing their
motivation to engage with course material (Garcia-Hernandez &
Gonzélez-Ramirez, 2021). Role-playing activities and other gamified
learning experiences have been found to improve students’ adoption of
educational content while alleviating the stress associated with knowledge
evaluation (Kirillov et al., 2016; Amponsah et al., 2024). Additionally,
studies highlight that gamification can stimulate the release of
neurotransmitters such as norepinephrine, epinephrine, and dopamine,
which leads to feelings of enjoyment and greater openness to learning
(Brull & Finlayson, 2016). These findings consistently demonstrate the
positive impacts of gamification in classroom settings across various
regions. However, the context in Ghana remains underexplored,
particularly with respect to mathematics teachers’ knowledge, self-
efficacy, and use of gamification.

For example, research conducted in the United States and Europe
has demonstrated that teachers with greater self-efficacy in using
gamification are more likely to adopt innovative teaching methods, which
in turn enhance student engagement and improve learning outcomes.
Scager et al. (2017) reported that teachers who were confident in
integrating game-based learning tools were significantly more likely to
design interactive, student-centered classrooms. Similarly, Karamete
(2024) reported that teacher self-efficacy in gamified instruction positively
predicts both the frequency and quality of gamification use in European
secondary schools. Other studies, such as those by Ertmer and Ottenbreit-
Leftwich (2010) and Ifenthaler et al. (2012), also support the connection
between teacher self-efficacy and the adoption of technology-enhanced
pedagogies such as gamification.

Moreover, teachers in these studies reported feeling more
confident in addressing student needs when gamification strategies were
used, enhancing both the learning environment and student participation.
These findings suggest that gamification not only supports student
learning but also reinforces teachers’ belief in their teaching capabilities,
thereby improving overall classroom dynamics. In countries such as South
Korea and Brazil, similar studies have shown that teachers with strong
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self-efficacy are better equipped to use gamified tools, which leads to
heightened student engagement, particularly in subjects perceived as
difficult or disengaging (Karamert & Vardar, 2021; Monteiro et al., 2022;
Dadzie et al., 2024). These findings highlight the critical role of teacher
confidence in effectively implementing gamification to achieve positive
educational outcomes. When teachers are confident in their ability to use
gamification strategies, they are more likely to engage students and create
a dynamic learning environment. This confidence not only enhances
teachers' instructional practices but also positively impacts student
motivation and learning experiences.

Research has consistently shown that the effectiveness of
gamification depends not only on game mechanics but also on how
teachers perceive, design, and implement these tools within their
instructional environments. Papadakis (2020) demonstrated that when
teachers use game development methods to introduce complex subjects
such as programming, student comprehension and interest improve
significantly when teachers receive appropriate training and support.
Similarly, Papadakis et al. (2020) reported that educational games, when
aligned with curricular goals, positively influence the learning process and
student participation. Zourmpakis et al. (2023) extended this discussion by
showing that adaptive gamification tailored to learners’ contexts and needs
boosts motivation and engagement more effectively than one-size-fits-all
approaches do. These studies underscore the importance of teacher beliefs,
technological readiness, and contextual adaptation in the successful
adoption of gamification, particularly in underresourced educational
systems. Integrating these perspectives enhances our understanding of the
multifaceted role that teachers play in leveraging gamification to improve
learning outcomes.

Ghana faces unique challenges in implementing gamification in
education, particularly in junior high school mathematics. While global
research has demonstrated the benefits of gamification, studies in Ghana
have largely overlooked the role of teacher self-efficacy in this context.
For example, Ofosu-Ampong et al. (2019) assessed teacher readiness for
gamification, and Appiah et al. (2024) conducted a systematic review of
gamification practices in education. However, neither study has examined
how confident teachers feel in applying these strategies. Similarly, Opoku-
Asare (2022) focused on gamification’s potential to support environmental
sustainability, and Akuetteh et al. (2023) explored its application in
religious education. Although these studies demonstrate gamification’s
growing relevance across disciplines, they fail to address how teacher self-
efficacy influences its effective implementation in the classroom.

Moreover, persistent underperformance in mathematics among
junior high school students underscores the urgency for such interventions.
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The West African Examinations Council (WAEC) reported that in 2021,
only 35.7% of BECE candidates scored between grades Al and C6 in
mathematics, whereas more than 20% received grade F9, the lowest score
(WAEC, 2021). The 2022 results showed a similar pattern, with
mathematics continuing to record one of the highest failure rates (WAEC,
2022). These troubling outcomes call for targeted instructional reforms.
To reverse this trend, educators must adopt innovative, student-centered
approaches such as gamification. However, without building teachers’
confidence and competence in using such tools, efforts to increase
mathematics engagement and achievement may be limited (Adu-Gyamfi
et al., 2023; Ampadu, 2017).

Recent international research has increasingly highlighted the
transformative potential of gamification in education, particularly in
enhancing student engagement and motivation through well-designed,
interactive learning environments. Studies such as Papadakis et al. (2020)
and Zourmpakis et al. (2023) have shown that integrating gamified
elements into teaching practices can lead to meaningful learning gains,
especially when adapted to students' needs. However, while these studies
offer valuable insights from technologically advanced contexts, little is
known about how such strategies function in low-resource settings such as
Ghana.

This oversight revealed a significant gap in the literature. Given
that teacher self-efficacy has been shown to strongly influence student
engagement and learning outcomes in other countries (Aabeyir et al.,
2025; Sicuan, 2025), exploring how this dynamic unfolds within the
Ghanaian educational system is essential. The system faced persistent
challenges, including large class sizes, limited technological access, and
inadequate training in innovative teaching strategies such as gamification.
Teachers often lack the technological proficiency necessary to implement
gamified learning effectively, which in turn impacts student motivation
and performance (Dadzie et al., 2024; Aabeyir et al., 2025).

This study responded to these challenges by investigating the
knowledge, confidence, and motivation levels of junior high school
mathematics teachers in Ghana regarding gamification. It also examined
how these factors influenced their self-efficacy and the resulting
engagement of their students. Previous research has shown that teachers
with greater ICT competence are more likely to adopt gamified strategies
successfully (Wilson et al., 2025; Yeboah et al., 2025). Despite rising
interest in game-based learning, especially in mathematics, teachers'
understanding of gamification as a pedagogical approach has remained
limited. As such, this study aimed to generate practical insights for teacher
development programs and policy initiatives aimed at strengthening both
instructional quality and student achievement in the Ghanaian context.

50



Therefore, understanding the current state of teachers' knowledge

and skills related to gamification is essential for addressing these gaps and
improving mathematics education in Ghana. (1) To examine the nature of
the relationship between teacher motivation and self-efficacy among
junior high school mathematics teachers, (2) to investigate how teacher
motivation and self-efficacy predict the level of knowledge in using
gamification in the classroom, and (3) to investigate the individual and
combined impacts of teachers’ knowledge in the use of gamification,
teachers' self-efficacy, and teachers' motivation on student engagement in
junior high school mathematics education, (4) to explore the indirect
influence of teachers' self-efficacy on both teachers’ knowledge in the use
of gamification and student engagement through the mediation of teachers'
motivation, we developed the following research questions to steer our
study.
This study seeks to investigate the impact of teachers' knowledge of
gamification on their motivation, self-efficacy, and student engagement in
the classroom. Building upon prior research, this study aims to answer four
research questions:

Research Questions

1. What is the nature of the relationship between teacher motivation
and self-efficacy among junior high school mathematics teachers?

2. How do teacher motivation and self-efficacy predict the level of
knowledge in using gamification implementation in the
classroom?

3. What are the individual and combined impacts of teachers'
knowledge in the use of gamification, teachers' self-efficacy, and
teachers' motivation on student engagement in junior high school
mathematics education?

4. How does teachers' self-efficacy indirectly influence both
teachers' knowledge of the use of gamification and student
engagement through the mediation of teachers' motivation?

LITERATURE REVIEW
Theoretical Framework

Social Cognitive Theory (Bandura, 1997)

In the context of the study "Exploring the Impact of Gamification
on Teacher Motivation, Self-Efficacy, and Student Engagement in Junior
High School Mathematics Education,” the theoretical foundation of self-
efficacy draws from social cognitive theory, particularly emphasizing
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individuals' control over their actions and outcomes (Bandura, 1997,
2006). Within this framework, teacher self-efficacy refers to teachers'
confidence in their instructional practices, classroom management, and
ability to engage students effectively (Zee & Koomen, 2016).

Teachers' confidence in their abilities plays a vital role, as it
shapes how they teach, the effort they put in, and their determination to
reach teaching goals (Bandura, 1997). Several factors, such as past
experiences, observations of colleagues, feedback from others, and
emotional well-being, can shape these beliefs (Oh, 2011). In our study,
self-efficacy includes both the collective confidence shared among
teaching groups, known as collective efficacy, and individual teachers'
perceptions of how they influence student learning (Tschannen-Moran &
Hoy, 2001).

Tschannen-Moran and Hoy (2001) noted three aspects of teacher
self-efficacy: instructional techniques, student involvement, and
classroom management. Teachers who possess strong self-efficacy
demonstrate confidence in the use of successful teaching methods in these
areas (Liu et al., 2020). As a result, their assurance has a positive effect on
student learning results and their ability to handle classroom situations
adeptly (Liu et al., 2020; Halim & Ahmad, 2015). Research indicates that
teachers who have strong beliefs about their abilities are more likely to
exhibit better instructional quality and employ student-centered teaching
approaches (Butucha, 2014; Holzberger et al., 2013; Stronge, 2018).

Theories of Involvement (Astin's 1999) and the Interactionalist Theory
of Student Departure (Tinto's 1975)

The concept of student engagement is rooted in Astin's (1999)
theory of involvement and Tinto's (1975) interactionalist theory of student
departure. Astin's theory highlights how much effort students put into their
academic tasks, whereas Tinto's theory centers on how well students blend
into school environments and educational tasks to improve their
dedication and stay committed (Harper & Quaye, 2009). Originally
developed to comprehend why students leave school prematurely, the
concept of engagement has attracted considerable scholarly interest
because of its positive links to several student outcomes, such as
contentment, academic success, and social involvement (Ali & Hassan,
2018; Archambault et al., 2009; Kuh, 2009; Walker & Greene, 2009).

Fredricks et al. (2016) identified several key factors driving the
growing interest in student engagement, including its strong link to
academic achievement, its adaptability to teacher interventions, and its
multifaceted structure encompassing behavioral, emotional, and cognitive
components (Ben-Eliyahu et al., 2018; Fredricks et al., 2016). Researchers
such as Appleton et al. (2006) have proposed various subcategories of
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engagement to reflect its complexity and the need for more nuanced
understanding. Despite its importance, studies report a steady decline in
student engagement as learners progress through school, particularly
during secondary education years (Martin & Torres, 2016). Teachers who
offer consistent support and encouragement, along with collaborative
efforts from the broader school community, significantly increase student
engagement (Thien & Chan, 2022; Ali & Hassan, 2018). Nonetheless,
researchers have largely overlooked student engagement in developing
countries, highlighting an urgent need for further investigation in these
contexts.

Self-Determination Theory of Motivation (Ryan and Deci 2000)

Self-determination theory (SDT), introduced by Ryan and Deci
(2000), provides insights into human motivation by emphasizing three
fundamental needs: autonomy, competence, and relatedness. Autonomy
pertains to individuals having control over their actions and the freedom
to make choices without feeling pressured, whereas competence refers to
the sense of proficiency and capability in performing tasks and activities.
Relatedness involves individuals feeling connected to others and
recognized within social contexts. Ryan and Deci suggested that intrinsic
motivation, which originates from within individuals, is more impactful in
enhancing engagement and performance than extrinsic motivation, which
comes from external factors.

However, Ryan and Deci propose that external incentives, such as
rewards, have the potential to gradually nurture intrinsic motivation over
time. Similarly, gamification, which employs external rewards such as
students' achievements in mathematics, can initially spark teachers'
interest and eventually foster intrinsic motivation for deeper engagement
with subjects such as mathematics. Similarly, Gagné et al. (2015)
emphasize the importance of attending to the needs for autonomy,
competence, and relatedness to foster both intrinsic and extrinsic
motivation. Recognizing the context and environment of individuals is
vital for developing effective motivation strategies (Ruhi, 2015).
Researchers, such as Dichev and Dicheva (2017), recognize self-
determination theory (SDT) as essential for understanding the impact of
teachers’ motivation on gamification.

Empirical studies on gamification

Influence of Gamification in General

Gamification has extended its impact beyond the realm of
education and is now being applied in diverse sectors such as business and
health, garnering interest from professionals and scholars alike (Behl et
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al., 2022). In the business sector, companies utilize gamification
techniques such as human resource management and marketing to provide
employee training, involve consumers, and induce behavioral shifts
(Karakas & Alperen, 2012; Wiinderlich et al., 2020). The attractiveness of
gamification stems from its capacity to evoke enjoyment and fun, as
highlighted by research conducted by Lu and Ho (2020) and
Noorbehbahani et al. (2019).

In the healthcare field, gamification is instrumental in
encouraging healthy lifestyles and addressing chronic diseases such as
diabetes and hypertension, which are commonly associated with sedentary
behavior and unhealthy eating habits, as emphasized by Sola et al. (2015).
By harnessing the power of information and communication technology
(ICT), particularly through gamification, interventions have been
developed to promote lifestyle modifications and enhance health
outcomes, as highlighted by Sola et al. (2015) and Rajani et al. (2021).

Influence of Gamification in Education

Teachers have widely adopted gamification in education to bolster
student engagement, motivation, and performance, as noted by Hallifax et
al. (2019), Saleem et al. (2022), and Zahedi (2019). Researchers in
computer science have extensively explored various engagement
techniques, with gamification emerging as a prominent approach, as
highlighted by Zahedi (2019). Research has underscored the numerous
advantages of incorporating games into teaching, including providing
immediate feedback, offering personalized learning experiences, and
fostering collaborative learning opportunities, as noted by Hallifax et al.
(2019). Furthermore, Thurston (2018) identifies gamification as a
transformative force in education, igniting greater student interest and
involvement in learning activities.

Zirawaga et al. (2017) explored learning theories, including
cognitive information processing and social activism, and discovered that
students are motivated to participate in gamified courses, leading to
increased confidence in their learning capabilities. Moreover,
incorporating games into teaching can infuse excitement into otherwise
dull instructional methods (Zirawaga et al., 2017; Hughey Surman et al.,
2024). Furthermore, employing gamification for pedagogical purposes
provides a sense of relief to students, who may encounter challenges with
conventional teaching methods (Alsawaier, 2018). Nevertheless, despite
the significant focus on gamification in education, its actual impact
remains uncertain. Teachers and researchers continue to engage in a lively
debate concerning the optimal timing, context, and methods for integrating
gamification strategies into classroom settings (Van Roy & Zaman, 2018;
R. Huang et al., 2020).
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Influence of Teachers' Knowledge in Using Gamification on Their
Motivation

Motivation acts as the fuel propelling individuals' interests and
behaviors, whether instigated by external incentives such as rewards or by
the intrinsic satisfaction derived directly from the activity at hand.
Gamification, conceived initially to augment extrinsic motivation, is now
acknowledged for its capacity also to increase intrinsic motivation. When
teachers understand how to implement gamification effectively, they can
transform the learning environment into a more dynamic and enjoyable
space for students. This positive change can rekindle teachers' passion for
teaching by providing them with innovative tools that make the
educational process more rewarding and engaging. Moreover, seeing the
tangible benefits of gamification, such as increased student participation,
improved learning outcomes, and heightened interest in the subject matter,
can serve as a powerful motivator for teachers.

A recent study conducted by Saleem et al. (2022) underscores the
beneficial impact of gamification in education, highlighting its capacity to
cultivate more immersive learning environments. Other researchers have
supported these conclusions, affirming that gamification successfully
motivates users to engage with educational systems (Bouchrika et al.,
2021; Li et al., 2022). However, Ofosu-Ampong et al. (2019) caution that
merely integrating game elements may not lead directly to improved
learning outcomes. They emphasize the importance of connecting
gamified systems to teachers' motivations and behavioral intentions.
Motivation, commonly seen as a key element in learning, is a complex
concept shaped by cognitive, emotional, and environmental aspects.
Although several theories attempt to explain motivation, none can
comprehensively account for motivation across all situations. Reynolds
and colleagues (2017) stress the link between motivation and learning,
highlighting that while some aspects of motivation may enhance learning
outcomes, not all aspects necessarily have a positive impact. In our study,
titled "Exploring the perceived impact of gamification on teacher
motivation, self-efficacy, and student engagement in junior high school
mathematics education,” we incorporated Ryan's self-determination
theory to gain insights into how gamification affects teachers' motivation.
According to Ryan's theory, individuals are motivated by their inherent
desires for autonomy, competence, and relatedness. In this study,
gamification likely met these needs by allowing teachers the freedom to
design activities, boosting their sense of competence as they successfully
implemented them, and fostering a sense of community through
collaborative learning environments.

Although previous research has explored gamification's impact on
teacher motivation, there remains a gap in understanding how it influences
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specific factors that drive motivation. Building on the principles of self-
determination theory, this study seeks to address this gap by identifying
the essential factors that clarify how gamification influences teachers'
motivation to engage students in learning.

Influence of Teachers' Knowledge in the Use of Gamification on Their
Self-Efficacy

The influence of teachers' knowledge in the use of gamification
on their self-efficacy is significant in the context of educational
innovation. When teachers are well versed in the principles and techniques
of gamification, they are more likely to feel confident in integrating these
strategies into their teaching practices. This knowledge empowers them to
create more engaging and interactive learning experiences, which can lead
to improved student outcomes. As teachers see the positive impact of
gamification on student engagement and achievement, their belief in their
own ability to effectively manage and deliver instruction and self-efficacy
naturally increases (Blohm & Leimeister, 2013). Consequently, teachers
with higher levels of self-efficacy are more likely to continue exploring
and adopting innovative teaching methods, creating a positive feedback
loop that benefits both teachers and students.

In educational settings, gamified approaches harness elements
from games, such as scoring systems, competition, and achieving
objectives, to inspire and captivate students (Swacha, 2021). This method
encourages interactive and engaging learning experiences, offering
boundless possibilities limited only by the creativity of teachers. The
effectiveness of gamification depends on the element of competition,
whether it is challenging oneself or competing with peers, tapping into
social dynamics and the drive for accomplishment (Hassan et al., 2021).
External rewards, attainable through purposeful competition, have the
potential to nurture the development of intrinsic motivation (Swacha,
2021). The incorporation of gamification into education encourages
students to engage in healthy competition, which in turn cultivates a sense
of self-efficacy and stimulates internal motivation. Consequently, this
dynamic propels students toward learning and academic advancement
(Hassan et al., 2021). As teachers, integrating gamified elements into
teaching can cultivate dynamic learning environments that motivate
students to engage actively and pursue academic excellence.

The Mediating Role of Teachers’ Self-Efficacy and Motivation
Self-efficacy empowers teachers with a strong sense of
confidence, allowing them to approach tasks with assurance and
dedication. As emphasized by Chiang et al. (2022), accomplishing tasks
successfully reinforces this confidence, driving qualitative improvements.
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On the other hand, teachers with low self-efficacy may feel demotivated
when faced with challenges, which can result in a cycle of decreasing
confidence and performance setbacks. Moreover, there is a notable link
between teachers' self-efficacy and their improvement in teaching methods
and skills over time. Boosting self-efficacy positively impacts teaching
methods, empowering teachers to attain superior professional results and
exercise self-control. Teachers with high self-efficacy are inclined toward
proactive decision-making, leading to a deeper understanding of the
subject matter among junior high school mathematics teachers. This belief
in their ability to effectively impart knowledge through persistent effort
drives their commitment to excellence.

The incorporation of gamification into teaching fosters active
student engagement, cultivates effective communication skills, and
encourages a transformative shift in cognitive processes. Furthermore,
teachers can find intrinsic motivation in the use of gamification,
cultivating a favorable attitude toward its integration into teaching
practices (Yu et al., 2022). This flexibility enables teachers to refine their
teaching approaches continually, utilizing gamification as a tool to amplify
student involvement and consequently increase academic achievement.
Research findings consistently demonstrate that students exposed to
gamified instructional methods outperform their peers educated through
conventional approaches, highlighting the effectiveness of gamification in
enriching educational achievements. As a result, teachers feel a sense of
increased drive and satisfaction, deriving fulfillment from their innovative
teaching strategies, diverse instructional concepts, dynamic learning
environments, and collaborative teaching approaches. Additionally, the
strong correlation observed between students' game scores and their end-
of-semester test results highlights the competitive spirit fostered by
gamification (Lera et al., 2022). This competitive edge not only enhances
students' engagement but also ignites their enthusiasm for learning.

As illustrated in Figure 1, our proposed conceptual framework
highlights the relationships among teachers' teacher knowledge of
gamification and their self-efficacy, motivation, and student engagement
in an educational context. The framework posits that teacher knowledge
of gamification, defined as the integration of game-like elements into
teaching, directly impacts teachers' self-efficacy and motivation. When
teachers implement gamification strategies, they are likely to feel more
capable and confident in their teaching abilities, which in turn enhances
their self-efficacy. Furthermore, teachers' understanding of gamification
can make the teaching process more enjoyable and rewarding, thereby
increasing both their intrinsic and extrinsic motivation. Additionally, the
framework suggests that teachers' self-efficacy directly influences student
engagement. Teachers who believe in their capabilities are more inclined
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to create dynamic and interactive learning environments that capture and
sustain students' interest and enthusiasm. Therefore, by enhancing
teachers' self-efficacy and motivation through gamification, the
framework aims to ultimately boost student engagement, fostering a more
effective and engaging learning experience.

Figure 1
Conceptual Framework
Teachers Self-
Efficacy
Teachers Knowledge Teachers Motivation Student Engagement
of Gamification

Teachers Motivation | .-

Note. A model exploring the impact of gamification on teachers' self-
efficacy and motivation and subsequently on student engagement
Source: Authors’ own construct (2024)

RESEARCH METHOD

The current study focused on mathematics teachers within the
Mfantseman municipality, which was selected because of the consistently
low student performance in mathematics. This municipality, characterized
by its socioeconomic and educational diversity, includes a mix of public,
private, and mission schools operated by Christian organizations, all of
which present varying levels of resources and student outcomes. Out of a
total of 870 teachers in the municipality, 158 are mathematics teachers,
forming the accessible population for this research. These teachers were
specifically targeted due to the poor mathematics performance observed
in the 2021 and 2022 Basic Education Certificate Examinations (BECE),
underscoring the need for focused interventions in this area. The diversity
of the municipality ensures that the findings reflect the experiences of
teachers in different educational contexts, making it an ideal location for
study. Given the emphasis on mathematics teachers, purposive sampling

58



was employed to target only these teachers. The total number of
mathematics teachers in the Mfantseman Municipality was 158, so we
decided to include the entire population in the study. Cao et al. (2021)
noted that a population size of 158 is sufficient for quantitative research.
On this basis, we included all mathematics teachers in Mfantseman to
ensure comprehensive and representative data collection.

A cross-sectional survey design was employed for this research;
all 158 mathematics teachers were invited to participate after providing
informed consent. Among those invited, 155 teachers agreed to take part,
resulting in a final sample size of 155. Although the sample size of 155
may seem limited for SEM, it is defensible given the nature and scope of
the study. First, several researchers have noted that PLS-SEM is suitable
for exploratory research with small to medium sizes and can yield robust
estimates even with fewer than 200 participants (Hair et al., 2011; Sarstedt
et al., 2021). Moreover, according to Kline (2023), a minimum sample of
100-150 may be acceptable for SEM when the model involves a small
number of indicators per latent variable and demonstrates adequate model
fit. The present study employed validated instruments with strong
psychometric properties and a theoretically grounded model with a
manageable number of latent constructs and indicators, thereby reducing
the likelihood of estimation issues. Additionally, Boomsma (1982) and
Marsh et al. (1998) emphasized that model complexity, indicator
reliability, and data quality are more critical than sample size in
determining SEM adequacy. Therefore, the sample size of 155 is
acceptable given the study’s focus, model structure, and statistical
techniques employed.

This census approach facilitated comprehensive data collection
from all mathematics teachers in the municipality. The cross-sectional
design was selected to capture a snapshot of the current understanding and
practices related to gamification among mathematics teachers. This
approach is ideal for examining the prevalence and distribution of
characteristics within a defined population at a specific point in time. By
involving all mathematics teachers in the municipality, the study ensures
that the findings are comprehensive and representative, thereby enhancing
the validity and generalizability of the results within this context. This
design allows for a clear assessment of teachers' knowledge and attitudes
toward gamification, providing valuable insights for future interventions
and research.

Data collection instrument and procedure

To measure the key constructs in this study, several established
scales were utilized to ensure both reliability and validity. Teachers’
knowledge of gamification was assessed via a 5-item scale derived from
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Liu et al. (2019), which focused on educational technologies and their
classroom applications and was chosen for its relevance to the study's
emphasis on gamification in teaching. Teachers’ self-efficacy was
evaluated with a 6-item scale from Speier and Frese (1997), which has
been extensively validated in educational research and reliably assesses
teachers’ confidence in their teaching ability. Teacher motivation was
measured via a 4-item scale developed by Botes et al. (2021), which
encompasses both intrinsic and extrinsic motivational factors, to provide
a comprehensive view of what drives teachers in their professional roles.
Additionally, student engagement, a critical outcome linked to effective
teaching, was measured via a 4-item scale adapted from Schaufeli et al.
(2006), which is known for its comprehensive approach to assessing
engagement across behavioral, emotional, and cognitive dimensions. The
choice of these specific scales is grounded in their established reliability
and validity, which has been rigorously tested in previous studies. This
ensures that the constructs of teachers’ knowledge of gamification, self-
efficacy, motivation, and student engagement are accurately measured,
allowing meaningful conclusions to be drawn.

To ensure data quality and integrity, we administered a structured
paper-based survey in person at the participating schools across the
Mfantseman Municipality. Trained research assistants distributed the
questionnaires during scheduled professional development sessions or
staff meetings, ensuring that all respondents had a quiet, uninterrupted
environment for completion. We clearly explained the purpose of the study
and guaranteed anonymity and confidentiality, which encouraged honest
and thoughtful responses. To reduce response bias, we used validated
scales with well-established psychometric properties and avoided leading
or ambiguous items. We also conducted manual checks to identify and
eliminate questionnaires that were incomplete or had inconsistent answers.
These measures helped ensure the reliability and validity of the data used
for the structural equation modeling and regression analyses.

Data analysis

We conducted data analysis via SmartPLS 4.0 and IBM SPSS
AMOS 26.0. The analysis followed a two-step approach. First, we
conducted exploratory factor analysis (EFA) in SPSS to identify the
underlying factor structure of each construct and confirm item loadings.
We used principal axis factoring with Promax rotation and retained factors
with eigenvalues greater than 1. All factor loadings exceeded 0.60, and
items with cross-loadings less than 0.30 were retained, supporting
construct validity. Next, we employed confirmatory factor analysis (CFA)
via AMOS to validate the measurement model. The CFA confirmed good
model fit with acceptable indices (e.g., CF1 > 0.90, RMSEA < 0.08, and
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SRMR < 0.08), and all standardized loadings were above 0.60, supporting
convergent validity. We further examined reliability via Cronbach’s alpha
and composite reliability (CR) and validity via the average variance
extracted (AVE) and the Fornell-Larcker criterion to ensure discriminant
validity. After confirming the measurement model, we used structural
equation modeling (SEM) in AMOS to test the hypothesized relationships
among the variables. The model included both direct and indirect
pathways, as shown in the saturated and estimated path diagrams. Path
analysis addressed the research questions and revealed distinct predictive
pathways between teacher self-efficacy, motivation, gamification
knowledge, and student engagement. To explore mediation, we used Sobel
tests to assess indirect effects.

Ethical considerations

We adhered to all ethical standards for research involving human
participants. Prior to data collection, we obtained ethical approval from
the College of Education at the University of Cape Coast (Reference No.
CES/IRB/UCC/EDU 108-23/3). All the participating mathematics
teachers received detailed information about the study’s purpose,
procedures, and rights, including the right to withdraw at any point without
penalty. Each participant provided written informed consent before
participating in the study. Participation was entirely voluntary, and we
ensured confidentiality by anonymizing all the responses throughout the
data collection and analysis processes.

Measurement Model Evaluation

The reported values for Cronbach's alpha, composite reliability
(tho_a and rho_c), and average variance extracted (AVE) were analyzed
to evaluate the reliability and convergent validity of the constructs in this
study. All the constructs presented Cronbach's alpha values that exceeded
the recommended threshold of 0.70, indicating satisfactory internal
consistency reliability. Specifically, the Cronbach’s alpha values for
teacher knowledge of gamification (KG), teacher self-efficacy (TSE),
teacher motivation (TM), and student engagement (SE) were 0.816, 0.832,
0.866, and 0.874, respectively. Additionally, the composite reliability
values (rho c) also surpassed the acceptable threshold of 0.70, further
confirming the reliability of the constructs. The average variance extracted
(AVE) values ranged from 0.559 to 0.672, with all values exceeding the
minimum acceptable threshold of 0.50, although they varied slightly.
Importantly, AVE values above 0.50 are generally considered acceptable
for assessing convergent validity. Therefore, despite minor variability, the
AVE values support the convergent validity of the constructs. Overall,
considering the satisfactory Cronbach's alpha, composite reliability, and
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AVE wvalues, it can be concluded that the measurement model
demonstrates adequate reliability and convergent validity. This suggests
that the constructs reliably measure their respective latent variables (see
Table 1).

Table 1
Measurement model evaluation-reliability and convergent validity
Composite

Cronbach's reliability Composite  Average variance
alpha (rho a) reliability (tho c¢) extracted (AVE)
TKG 0.816 0.936 0.850 0.559
SE 0.832 0.981 0.867 0.621
™ 0.866 1.114 0.891 0.672

Discriminant validity

To evaluate discriminant validity, the correlation matrix between
the constructs was analyzed. The diagonal elements of the matrix represent
the square root of the average variance extracted (AVE) for each construct.
These values should be greater than the correlations between the construct
and any other construct in the matrix to ensure sufficient discriminant
validity. In this analysis, the diagonal elements corresponding to Teacher
Knowledge of Gamification (KG), student engagement (SE), teacher
motivation (TM), and teacher self-efficacy (TSE) were approximately
0.748, 0.788, 0.820, and 0.780, respectively, as derived from the AVE
values. A comparison of these diagonal values with the off-diagonal
correlations revealed that all diagonal values exceeded the correlations
between the constructs. For example, the correlation coefficient between
KG and SE was 0.341, which was below the diagonal value of KG (0.748).
Similarly, the correlations between KG and TM (0.273), KG and TSE
(0.682), SE and TM (0.421), SE and TSE (0.225), and TM and TSE
(0.526) were all lower than the corresponding diagonal values. This
finding indicates that the constructs demonstrate sufficient discriminant
validity, as the diagonal elements exceed the correlations with other
constructs, supporting the distinction between the constructs in the
analysis (see Table 2).
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Table 2
Discriminant validity analysis-correlation matrix and diagonal values

Teacher
Knowledge Teachers
of Students Teachers Self-
Gamification Engagement Motivation Efficacy
Teacher
Knowledge of
Gamification 1
Students
Engagement 0341 1
Teachers
Motivation 0.273 0421 1
Teachers Self-
Efficacy 0.682 0.225 0.526 1

Structural Model Results

The path coefficients in the model reveal the strength and
direction of the relationships between the constructs. A positive coefficient
between teacher knowledge of gamification (TKG) and teacher motivation
(TM) suggests a modest positive relationship, indicating that as teachers'
understanding of gamification increases, their motivation tends to rise
slightly. Conversely, the strong positive coefficient between Teacher
Knowledge of Gamification (TKG) and Teacher Self-Efficacy (TSE)
underscores a significant relationship, indicating that as teachers become
more knowledgeable about gamification, their confidence in using
gamified techniques improves substantially. Moreover, the robust positive
coefficient between teacher motivation (TM) and student engagement
(SE) signifies a strong connection, suggesting that motivated teachers tend
to foster higher levels of student engagement. However, the weak negative
coefficient between teachers’ self-efficacy (TSE) and student engagement
(SE) presents a counterintuitive finding, implying a negligible decrease in
student engagement as teachers' self-efficacy increases. These insights
underscore the critical role of gamification knowledge in bolstering
teachers' motivation and self-efficacy, ultimately influencing student
engagement positively. Addressing these relationships can inform
strategies to enhance teaching practices and student outcomes, such as
providing targeted training to improve teachers' confidence in effectively
utilizing gamification (see Table 3).
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Table 3
Path coefficient analysis-relationships between constructs

Teacher Teachers

Knowledge of Students Teachers

Self-

Gamification Engagement Motivation Efficacy

Teacher Knowledge of

Gamification 0.138 0.721

Students Engagement
Teachers Motivation 0.618
Teachers Self-Efficacy -0.062

Model Fit Indices

The comparison between the saturated model and the estimated
model provides insights into the overall fit and predictive power of the
structural model. Notably, the standardized root means square residual
(SRMR) is utilized to assess the discrepancy between the observed and
predicted correlation matrices. In this comparison, the saturated model has
an SRMR of 0.175, whereas the estimated model has an SRMR of 0.198.
Measures of discrepancy, including d ULS and d_G, are also examined,
with values of 5.806 and 4.712 for the saturated model, respectively, and
7.465 and 4.745 for the estimated model. The chi-square values for the
saturated and estimated models are 1926.475 and 1956.744, respectively.
Additionally, the normed fit index (NFI) is considered, yielding values of
0.352 for the saturated model and 0.342 for the estimated model.
Furthermore, the R-square and adjusted R-square coefficients for each
construct are analyzed to assess the predictive power, with values of 0.356
and 0.345 for SE, 0.019 and 0.011 for TM, and 0.520 and 0.516 for TSE,
respectively. These values collectively provide a comprehensive
evaluation of the model's fit and predictive capability (see Table 4).
Table 4
Comparison of Fit Indices between the Saturated and Estimated Models

Saturated model Estimated model

SRMR 0.175 0.198
d ULS 5.806 7.465
d G 4.712 4.745
Chi-square 1926.475 1956.744
NFI 0.352 0.342
R-square R-square adjusted

Students Engagement 0.356 0.345
Teachers Motivation 0.019 0.011
Teachers Self-Efficacy 0.520 0.516
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RESULTS

Relationship between Teacher Motivation and Self-Efficacy in Junior
High School Mathematics
Table 5
Correlation Analysis between Teachers' Self-Efficacy and Motivation
Teachers Self-  Teachers
Efficacy Motivation

Teachers Self-Efficacy Pearson 1 438
Correlation
Sig. (2-tailed) .000
N 155 155
Teachers Motivation  Pearson 438 1
Correlation
Sig. (2-tailed) .000
N 155 155

The correlation analysis presented in Table 5 illustrates a
statistically significant positive correlation coefficient of 0.438 (p <0.001)
between teachers' self-efficacy and motivation, with a sample size of N =
155. This finding indicates a moderate positive relationship between
teachers' self-efficacy and motivation. The coefficient of 0.438 suggests
that there is a tendency for teachers reporting higher levels of self-efficacy
to also report higher levels of motivation, and vice versa.

Figure 2
Path diagram for Predicting Teachers’ Knowledge of Gamification
Implementation through Teacher Motivation and Self-Efficacy
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Table 6
Regression Weights

Estimat SE CR. P Labe

e 1
Teachers
Teacher Teachers
Knowledge = <-- g 3¢ 463 9 guay 09
of ) Efficac 7 0
Gamificatio y
n
Teachers
EiaChfr 4 < Teachers 08 00
o EEE T Motivatio -3200 70 Lois o
Gamificatio n
n

The results from structural equation modeling (SEM) analysis, as
depicted in Table 6 and Figure 2, reveal significant relationships between
teachers' self-efficacy, teachers' motivation, and the adoption of
gamification in the classroom. The path coefficients indicate that teachers'
self-efficacy has a positive and statistically significant association with the
implementation of gamification techniques (f = 0.463, p < 0.001). This
suggests that as teachers' self-efficacy increases, there is a corresponding
increase in the utilization of gamification strategies within the teaching
environment. In contrast, the analysis reveals a negative and significant
relationship between teachers' motivation and the integration of
gamification (f = -0.320, p < 0.001). This implies that higher levels of
teachers' motivation are linked to lower levels of gamification
incorporation in instructional practices. These findings underscore the
interplay between teachers' beliefs regarding their instructional
capabilities, their motivation levels, and the adoption of innovative
teaching approaches such as gamification.
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Figure 3

Path diagram of the impacts of teacher knowledge in gamification,
self-efficacy, and motivation on student engagement in junior high
mathematics
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Table 7
Regression Analysis Results of the Impact of Gamification, Teachers' Self-
Efficacy, and Teachers' Motivation on Student Engagement

Estimat SE. CR. P {dabe

Teachers

Teacher
Student
Engagemen < Knowledge 241 07 3.355 00
¢ - of 2 0

Gamificatio

n
Student _ Teachers 06 - 14
Engagemen Self -.088 1 1450 7
t Efficacy '
Student

<--  Teachers .07 .00

Engagemen i Motivation 375 5 5.035 0

t

The regression analysis results reveal significant associations
between student engagement and the predictor variables within the context
of the study. Specifically, the regression weights indicate that gamification
has a positive and statistically significant effect on student engagement
(estimate = 0.241, SE = 0.072, CR = 3.355, p <0.05), as evidenced by the
standardized weight of 0.292. Furthermore, teachers' motivation also has
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a notable positive effect on student engagement (estimate = 0.375, SE =
0.075, CR = 5.035, p < 0.05), with a standardized weight of 0.428.
However, the relationship between teachers' self-efficacy and student
engagement appears to be nonsignificant (estimate = -0.088, SE = 0.061,
CR =-1.450,p=0.147), as indicated by the standardized weight of -0.140.
The equation representing the relationship between the predictor variables
(gamification, teachers' self-efficacy, and teachers' motivation) and
student engagement can be expressed as follows:

Student Engagement= 6.873 + 0.241Gamification — 0.088 Teachers Self-
Efficacy + 0.375 Teachers Motivation

This equation illustrates the combined influence of gamification, teachers'
self-efficacy, and teachers' motivation on student engagement, as
determined by regression analysis.

Indirect Influence of Teacher Self-Efficacy on Gamification
Knowledge and Student Engagement via Motivation

Table 8
Sobel Test Results for the Indirect Effects of Teachers' Self-Efficacy on
Gamification and Student Engagement through Teachers' Motivation

Model Indirect  SE of Sobel Test P Value

Effect Indirect Statistic

Effect

Teachers Teacher .15 .07 4.51 <.001
Knowledge of
Gamification Model
Students Engagement .01 .07 .65 513
Model

Table 8 presents the results of the Sobel test conducted to
investigate the indirect effects of teachers' self-efficacy on
gamification and student engagement through teachers' motivation.
In the gamification model, the Sobel test revealed a significant
indirect effect of teachers' self-efficacy on gamification through
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teachers' motivation (Sobel = 4.514, p < .001). However, in the
student engagement model, the Sobel test indicated that the indirect
effect of teachers' self-efficacy on student engagement through
teachers' motivation was not significant (Sobel = 0.654, p = .513).
These findings suggest that while teachers' self-efficacy
significantly influences gamification through teachers' motivation,
it does not have a significant indirect effect on student engagement
through the same pathway.

DISCUSSION AND CONCLUSIONS

The interpretation of these findings must be understood within the
broader context of Ghana’s educational challenges, particularly in
mathematics instruction at the junior high school level. Many schools face
large class sizes, limited access to teaching and learning resources, and a
lack of professional development opportunities focused on innovative
pedagogy. These systemic issues often constrain teachers' ability to
implement student-centered approaches such as gamification, regardless
of their motivation or confidence. As highlighted in national assessment
reports, persistent underperformance in mathematics continues to
undermine student progression and academic confidence (WAEC, 2021,
2022). Within this environment, teacher self-efficacy and targeted training
in gamified instruction become critical levers for change. Understanding
these challenges not only frames the significance of the current study but
also emphasizes the urgent need for scalable, low-cost pedagogical
solutions that empower teachers in resource-constrained settings.

Relationship between Teacher Motivation and Self-Efficacy in Junior
High School Mathematics

This finding is consistent with prior research emphasizing
gamification’s ability to enhance intrinsic motivation and classroom
participation (Bouchrika et al., 2021; Li et al., 2022). These studies
emphasize how gamification effectively engages users and enhances
motivation by tapping into both extrinsic and intrinsic motivational
factors. However, the caution raised by Ofosu-Ampong et al. (2019)
regarding the necessity of linking gamified systems to students'
motivations and intentions is also relevant here. While gamification can
be a powerful tool for motivation, its effectiveness may vary depending on
how well it addresses individuals' underlying motivational needs.
Moreover, the study's focus on the correlation between teachers' self-
efficacy and motivation is crucial, as it contributes to our understanding of
the motivational determinants influenced by gamification. The moderate
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positive correlation coefficient of 0.438 indicates that teachers with higher
levels of self-efficacy also tend to exhibit higher levels of motivation, and
vice versa.

This finding underscores the interplay between teachers' beliefs in
their instructional abilities and their motivation to engage in teaching
practices. Linking these findings to the theoretical frameworks of self-
efficacy and student engagement, drawn from social cognitive theory and
Astin's (1999) theory of involvement and Tinto's (1975) interactionalist
theory of student departure, respectively, further strengthens the study's
contribution. The positive correlation between teachers' self-efficacy and
motivation aligns with social cognitive theory, which emphasizes
individuals' beliefs in their ability to exert control over their actions and
the environment. Additionally, the study's exploration of how gamification
influences student engagement indirectly through teachers' motivation and
self-efficacy resonates with Astin's and Tinto's theories, highlighting the
complex interplay between motivational factors and student outcomes in
educational settings.

Predicting Teachers’ Knowledge of Gamification Implementation
through Teachers’ Motivation and Self-Efficacy

The findings of the current study align with existing research on
the positive influence of gamification on motivation in educational
settings, as emphasized by Saleem et al. (2022), Bouchrika et al. (2021),
and Li et al. (2022). These studies underscore how gamification effectively
engages learners and enhances motivation by tapping into both extrinsic
and intrinsic motivational factors. However, it is crucial to emphasize the
caution raised by Ofosu-Ampong et al. (2019) regarding the necessity of
aligning gamified systems with students' motivations and intentions to
optimize learning outcomes. Motivation, which is multifaceted and
influenced by various factors, plays a pivotal role in learning processes.
While the current study integrates Ryan's self-determination theory to
understand how gamification influences teachers' motivation, its findings
suggest a nuanced relationship between motivation, self-efficacy, and the
adoption of gamification strategies in the classroom.

A central and unexpected finding in this study is the negative
relationship between teacher motivation and the use of gamification.
While initially counterintuitive, this result reflects a growing body of
research that reveals motivational paradoxes in educational innovation.
Motivated teachers may rely heavily on traditional or personally validated
methods, viewing gamified strategies as disruptive or misaligned with
their established instructional practices (Ertmer & Ottenbreit-Leftwich,
2010). Moreover, research shows that motivation alone does not guarantee
innovation adoption; implementation depends on contextual fit, perceived
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value, and usability of the method. For example, Papadakis et al. (2020)
demonstrated that while educational games enhance engagement, their
integration requires clear instructional alignment and teacher training.
Similarly, Zourmpakis et al. (2023) reported that adaptive gamification
improved student motivation only when teachers tailored game elements
to specific learning needs, highlighting that mere enthusiasm is
insufficient without implementation support. Teachers operating in low-
resource contexts such as Ghana may feel motivated but constrained by
systemic issues, such as limited access to technology, rigid curricula, or a
lack of professional development, making them hesitant to adopt gamified
instruction despite their overall drive. These findings suggest that
motivation must align with feasibility and perceived pedagogical value,
reinforcing the need for deeper training and contextual adaptation in
gamification efforts.

Impact of Teacher Knowledge in Gamification, Self-Efficacy, and
Motivation on Student Engagement in Junior High Mathematics

The discussion of the study reveals intriguing insights into the
relationships among gamification, teacher motivation, self-efficacy, and
student engagement. The findings align with the theoretical underpinnings
of social cognitive theory, which posits that individuals' beliefs in their
capabilities (self-efficacy) influence their motivation and behavior. As
indicated by Chiang et al. (2022), teachers with higher self-efficacy are
more likely to exhibit proactive decision-making and persistence in
overcoming challenges, ultimately enhancing their teaching effectiveness.
This concept resonates with our study's findings, which suggest a positive
association between teacher motivation and student engagement,
underscoring the importance of teachers' belief in their ability to foster
engaging learning environments.

Moreover, the integration of gamification emerges as a significant
factor in stimulating student engagement, supporting previous research on
the positive impact of gamified methods on learning outcomes. The theory
of involvement by Astin (1999) emphasizes the importance of student
engagement in academic success, highlighting the role of innovative
teaching approaches such as gamification in promoting active
participation and enthusiasm for learning. Our regression analysis further
reinforces these findings, revealing a significant positive effect of
gamification on student engagement, which is in line with Astin's theory.

However, the nonsignificant relationship between teachers' self-
efficacy and student engagement warrants further exploration. While
social cognitive theory suggests that self-efficacy should positively
influence behavior and outcomes, our findings suggest a lack of direct
impact on student engagement. This unexpected discrepancy underscores
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the complexity of the educational landscape, where myriad factors
intersect to influence student learning experiences. To address this
complexity, future research endeavors should delve into the multifaceted
nature of teacher—student interactions, drawing on theoretical frameworks
such as Tinto's interactionalist theory of student departure. By exploring
the interplay between institutional structures, interpersonal dynamics, and
instructional strategies, researchers can shed light on the nuanced
pathways through which teachers' self-efficacy beliefs shape student
engagement and academic success. We can advance our understanding of
the factors driving effective teaching and learning practices, ultimately
enhancing educational outcomes for all learners.

Indirect Influence of Teacher Self-Efficacy on Gamification
Knowledge and Student Engagement via Motivation

The findings of the present study align with existing research on
the pivotal role of self-efficacy in empowering teachers and promoting
innovative teaching approaches. Consistent with the findings of Chiang et
al. (2022), our study confirms that self-efficacy plays a crucial role in
shaping teachers' confidence levels and their ability to navigate challenges
effectively. High levels of self-efficacy among junior high school
mathematics teachers are associated with proactive decision-making and
continuous skill enhancement, contributing to improved teaching
methodologies and better professional outcomes. These findings are in line
with Bandura's (1977) social cognitive theory, which emphasizes the
influence of self-belief on behavior and performance.

Furthermore, the integration of gamification in teaching is found
to stimulate student engagement and foster intrinsic motivation among
teachers. This resonates with the observations of Yu et al. (2022),
highlighting how gamification can inspire teachers to adopt innovative
teaching methods and continuously adapt their pedagogical approaches to
enhance student learning experiences. Our study corroborates empirical
evidence demonstrating the positive impact of gamification on student
outcomes, as indicated by the significant correlation between game scores
and end-of-semester test scores. The competitive learning environments
facilitated by gamification contribute to increased student engagement and
enthusiasm for learning, which aligns with Astin's (1999) theory of
involvement and Tinto's (1975) interactionalist theory of student
departure.

Regarding the Sobel test results, our findings reveal a significant
indirect effect of teachers' self-efficacy on gamification through teachers'
motivation, underscoring the importance of self-efficacy in driving
teachers' motivation to adopt gamified teaching approaches. However, the
absence of a statistically significant indirect effect on student engagement
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through the same pathway suggests that other factors may play a more
prominent role in influencing student engagement. While this result
contrasts with some prior research, it highlights the nuanced nature of the
relationship between motivational determinants and student outcomes,
prompting further exploration in future studies. Overall, the current study
contributes valuable insights into the complex dynamics of teacher
motivation, self-efficacy, and the integration of gamification in
educational settings, providing a foundation for future research in this
area.

This study contributes new knowledge to the literature by
empirically demonstrating how teacher self-efficacy, motivation, and
teacher knowledge of gamification interact to influence student
engagement in junior high school mathematics, an area previously
underexplored in the Ghanaian context. While global studies have
affirmed the value of gamification and teacher self-efficacy separately,
this research is among the first to examine their combined and mediated
effects within a Sub-Saharan African educational setting via structural
equation modeling. Specifically, the finding that teacher self-efficacy
positively predicts gamification knowledge and that motivation partially
mediates this relationship adds nuance to social cognitive theory as applied
to gamified pedagogy. Additionally, the surprising negative relationship
between motivation and gamification challenges assumptions in the
current gamification literature and raises new questions about motivational
dynamics in resource-constrained environments. By addressing gaps
related to teacher readiness, confidence, and pedagogical innovation in
low-resource settings, this study provides a theoretical and practical
foundation for teacher development programs and guides future research
toward context-sensitive models of gamification adoption in education.

THEORETICAL CONTRIBUTION

The theoretical contribution of this study lies in its exploration of
the relationships among teacher motivation, self-efficacy, teacher
knowledge of gamification, and student engagement in junior high school
mathematics education. By drawing on Bandura's social cognitive theory,
Astin's theory of involvement, and Tinto's interactionalist theory of
student departure, this study provides a comprehensive framework for
understanding how these factors interact with and influence each other.
Additionally, the study highlights the need for further research to delve
into the multifaceted nature of teacher—student interactions and the
nuanced pathways through which teachers' self-efficacy beliefs shape
student engagement and academic success. This study aims to advance our

73



understanding of effective teaching and learning practices, ultimately
enhancing educational outcomes for all learners.

IMPLICATIONS

The findings of this study have important implications beyond the
Ghanaian context, particularly for other low-resource educational settings
globally. Many countries in Sub-Saharan Africa, Southeast Asia, and parts
of Latin America face similar challenges: limited access to technology,
large class sizes, and insufficient teacher training in innovative
pedagogies. By demonstrating that teacher self-efficacy and knowledge of
gamification significantly influence student engagement, even in resource-
constrained environments, this study provides evidence that investing in
teacher confidence and instructional innovation can yield meaningful
improvements in student outcomes. The unexpected negative relationship
between motivation and gamification use also highlights the need for
context-sensitive approaches, suggesting that motivation alone may not
translate into innovation without the right structural support. As such, this
research contributes to the global discourse on equitable and effective
teaching strategies by offering insights that can inform policy and practice
in comparable educational systems worldwide.

The research findings have several implications for teachers,
highlighting the need to increase self-efficacy through targeted
professional development. For policymakers, this study supports the
integration of gamification training in teacher education. Researchers
should further explore the contextual barriers that moderate gamification’s
effectiveness in low-resource settings.
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