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Abstract

Despite India’s pressing educational deficits, with over 25% of adolescents lacking basic literacy
and numeracy, empirical studies on instructional effectiveness remain limited. This study evaluates how
game-based learning (GBL) and conventional pedagogies influence motivation and engagement among
Indian students. By isolating their differential impacts, the research aims to inform scalable, evidence-
based strategies for improving science learning outcomes in resource-constrained classrooms. The
findings are positioned to advance both academic literature and policy dialogue on pedagogical reform in
non-Western, digitally evolving education systems. Employing a purposive sampling methodology across
93 government schools, the study analyzed 1,816 valid participants aged 13-18 years following
systematic exclusion criteria. Data collection utilized linguistically adapted, psychometrically validated
instruments including the Student Motivation Scale and Student Engagement Instrument, alongside
custom-developed conventional and game-based learning preference assessments. Statistical analyses
revealed robust positive correlations between game-based learning preferences and both student
motivation (r = 0.67, p < 0.001) and engagement (r = 0.71, p < 0.001). Multiple regression models
demonstrated that GBL preferences accounted for 45% of variance in motivation (R? = 0.45) and 50% of
variance in engagement (R2 = 0.50), with standardized beta coefficients of 0.67 and 0.70 respectively.
Conversely, conventional learning preferences showed negligible correlations with motivational outcomes
(r = -0.02, p= 0.36). Significant age-related patterns emerged, with younger adolescents (13-15 years)
demonstrating substantially higher GBL preferences and motivation levels compared to older peers.
These findings provide compelling empirical support for integrating game-based pedagogical strategies in
under-resourced educational environments.

Keywords: Gamification; Engagement; Learning; Motivation; Conventional Learning; Education;
Game Based Learning
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1. Introduction

The rapid rise and development of pedagogical approaches in the twenty-first century has
intensified scholarly interest into the mechanisms underlying student engagement and motivation,
particularly as they underscore the efficacy of gamified and conventional pedagogical approaches. Due to
a persistent lack of access to educational resources and equity in South Asia, the enduring problem of a
dismal state of science education has emerged. In an effort to meaningfully address the critical gap in
scholarly literature and advance academic inquiry, this study seeks to critically analyze the variations in
student engagement and motivation across game-based, and conventional fields.

Within global education systems, South Asia—home to over 2 billion people (World Bank,
2025)—is distinguished from the rest of the world by its lower developmental levels. As a region with
predominantly agricultural livelihoods, it faces greater challenges in terms of access and equity, low per
capita income, and public service deficits. Schools frequently lack access to electricity, proper sanitation,
and an adequate supply of academically qualified teachers to teach students. This study focuses on student
perceptions within under-resourced regions of the Republic of India, where systemic challenges continue
to hinder learning outcomes. The state of science education in India faces significant challenges, with
25% of youth aged 14-18 unable to read Grade 2 level texts in their regional language (ASER Center,
2024) and over 50% struggling with Grade 5 arithmetic skills (ASER Center, 2022). These foundational
deficiencies in numeracy and literacy hinder science learning and underscore the need for scholarly
research and pedagogical innovation.

Analyzing the impact of conventional pedagogical approaches and game-based pedagogical
approaches on student motivation and cognitive engagement in environments can provide invaluable
insights into addressing these issues. This research aims to advance the quantitative and empirical
understanding of learning processes and outcomes, thereby supporting the development of evidence-based
interventions to improve educational equity. Furthermore, by examining the differential effects of
gamified and conventional learning approaches, this study seeks to inform policy, teacher practices, and
future educational research in the Republic of India.

1.1 Motivation & Learning

As Peters (2015) notes, motivation is a fundamental biological principle that governs human
decision making. Rabey (2001) further characterized it as a composition of internal factors that initiate,
direct, and sustain goal-oriented behavior (Sekhar et al., 2013). Motivation is as integral to human action
as utility in economics or recursion in computer science, serving as the driving force behind purposeful
activity (Park, 2017).

Classic theories of motivation elaborate on the drivers of motivation and the specific constructs that
push and sustain intrinsic (genuine) motivation. Drivers are classified into two distinct categories: innate
and cognitive. Innate drives are intrinsic, evolutionarily based motivators that have developed over
millions of years of human evolution. These drivers are inherent, built-in, and biologically encoded by
natural selection. Examples of such innate drivers include instincts, drives, and fight-or-flight responses.
(Frey, 1992; Reiss, 2012; Morris et al., 2022). On the other hand, cognitive drives are developed drivers
that form through lived experiences; beliefs, values, and self-perceptions are cognitive drivers.

Both drivers are essential for shaping the concept of motivation. Cognitive motivation—based on
attribution theory, expectancy-value theory, and self-efficacy theory—highlights that learners must
understand and appreciate their activities to be motivated (Piaget, 1964). Furthermore, cognitive
motivation theories, such as Self-Determination Theory (SDT), suggest that motivation is fostered when
individuals experience autonomy and freedom, thus emphasizing the importance of a student's sense of
control while learning. Building on this, Achievement Goal Theory (AGT) further categorizes learners
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based on their mastery or performance goals (Ciani et al., 2011; Lakerveld et al., 2020). AGT reveals the
diverse motivational profiles that students bring to educational settings (Ozdemir Oz, Lane, & Michou,
2016).

These theoretical frameworks underscore the multidimensionality of motivation and how the two-
fold drivers of motivation simultaneously contribute to long-term, sustained motivation. Furthermore,
these frameworks illustrate that in addition to the two-drivers, long-term motivation is regulated by the
coordinated action of psychological, physiological, and environmental factors—all of which are
integrated through complex neural process to drive learning—thus highlight the inter-linked relation of
motivation and learning (Standage et al., 2003; Kim, S. I., 2013; Schunk & Usher el al., 2012; Michou et
al., 2016)

1.2 Multidimensionality of Learning

Similar to, motivation, learning has a multidimensional nature. Learning is the process of acquiring,
comprehending, and processing information (Ryan & Deci, 2000). Unlike motivation, learning is
inherently progressive and necessitates sustained input and adaptation (Pan, 2023). With the intent to
contribute to the limited literature, this analysis aims to advance a rigorous definition of learning as a
distinct yet interrelated construct of motivation.

The concept of learning is foundational yet contested in pedagogical discussions, educational
psychology, and cognitive science. At its core, learning has traditionally been defined as a relatively
permanent change in behavior or knowledge that results from experience (De Houwer, Barnes-Holmes, &
Moors, 2013; Domjan, 2013; Ormrod, 2008). However, this basic functional definition—mapping
experience onto behavior—has been critiqued for its over-inclusiveness, as it may encompass any
behavioral change, regardless of whether it is truly the result of structured learning or simply a reaction to
a singular environmental stimulus (De Houwer et al., 2013; Lachman, 1997; Bransford & National
Research Council, 2004).

Consider a scenario in which an individual touches a hot stove and instinctively withdraws their
hand in response to the resulting pain. This subsequent avoidance behavior (i.e., opting not to touch the
stove again) emerges directly from the prior aversive experience. While this scenario may appear to
reflect a “learning process” in the context of the prior definition, it is more accurately characterized as a
reflexive or conditioned response to an aversive stimulus, rather than deliberate or structured learning. In
contrast, the process of systematically acquiring culinary skills—such as mastering techniques,
internalizing procedural knowledge, and retaining recipes over time—constitutes a more structured and
intentional form of learning that is indicative of cognitive engagement (Chang, Hsu, Cheng, & Kuo,
2019).

De Houwer et al. (2013) offer a more rigorous conceptualization, stating that learning should be
understood as “ontogenetic adaptation.” Ontogenetic adaptations are changes in an organism’s behavior
resulting from regularities in the environment. This definition purposefully excludes one-off behavioral
changes, focusing instead on long-term transformations that arise from consistent patterns of experiences.
This perspective aligns with the view that learning is not merely the product of exposure and
distinguishes learning from mere performance or reflexive adaptation (Hall, 2003; Ormrod, 2008).

Importantly, learning is not a monolithic concept. Rather, it is a multidimensional construct that
encompasses cognitive, affective, and behavioral domains (Bloom, 1956; Krathwohl, Bloom, & Masia,
1964). This three-tiered framework remains influential in both empirical research and educational
practice. Moving forward, this study encompasses the three most prominent forms of learning: cognitive,
affective, and behavioral.
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Cognitive learning involves the acquisition, organization, and application of knowledge-based
intellectual skills. It includes processes such as perception, memory, reasoning, and problem-solving
(Simon, 1998; Skinner, 1965; Anderson et al., 2011). Cognitive learning theories are rooted in Piaget’s
(1964) work and further expanded by information- processing models, emphasizing the active
construction of knowledge and the importance of mental representations. In contemporary research,
cognitive learning is often operationalized through assessments of knowledge retention, transfer, and
higher order thinking skills (Bransford, Brown, & Cocking, 2000; Mayer, 2002).

Affective learning encompasses the development of attitudes, values, motivations, and emotional
responses that influence persistent engagement in learning tasks (Krathwohl et al., 1964; Pekrun, 2011).
This domain is critical in educational contexts, as affective factors such as interest, self-efficacy, and
emotional regulation mediate the quality and quantity of cognitive engagement (Pintrich & De Groot,
1990; Pekrun, 2011). Recent research underscores the importance of affective engagement in technology-
enhanced and game-based learning environments, where emotional involvement drives sustained
participation and deeper learning (Hamari et al., 2016; Plass, Homer, & Kinzer, 2015).

Behavioral learning is grounded in the principles of behaviorism (Watson, 1913). Academically
referred to as “BL,” behavioral learning focuses on observable changes in behavior as a result of
environmental stimuli and reinforcement. This perspective has informed the development of instructional
strategies such as direct instruction, feedback, and reinforcement schedules (Domjan, 2013). While
behavioral outcomes are often the most readily measurable, contemporary scholars caution against
equating all behavioral changes with meaningful learning, emphasizing the necessity of linking observed
behaviors to underlying cognitive and affective processes (De Houwer et al., 2013; Ormrod, 2008). This
assertion can be further substantiated by the previously cited example of the heated kettle.

The rapid technological and social development in the world has underscored the essentiality of
lifelong learning; however, conventional classroom models have struggled to meet this emergent demand,
thereby necessitating a critical analysis of student engagement and motivation within both gamified and
conventional learning environments.

1.3 Measuring Learning

The measurement of learning is as multifaceted and complex as its definitions. Measuring such a
construct requires a multidimensional approach, similar to that of motivation and learning assessment
strategies that capture cognitive, affective, and behavioral outcomes of the students. Traditional
approaches have relied on standardized tests (such as the GRE or the ACT), along with performance
assessments and behavioral observations to gauge learning gains (Bransford et al., 2000; Simon, 1998).
However, these methods often result in cognitive outcomes being overlooked, affecting the motivational
dimensions that are increasingly recognized as integral to educational success (Pekrun, 2011; Fredricks,
Blumenfeld, & Paris, 2004).

Cognitive learning is typically measured using pre- and post-tests. However, other methods, such
as concept inventories, problem-solving tasks, and transfer assessments, have also been shown to evaluate
the depth and flexibility of students’ understanding (Mayer, 2002; Bransford et al., 2000). Advancements
in educational technology have enabled the use of adaptive assessments and learning analytics to provide
nuanced insights into cognitive development over time (Shute & Wang, 2016).

Affective learning is commonly assessed using self-report instruments that measure constructs such
as motivation, interest, attitudes, and self-efficacy (Pintrich & De Groot, 1990; Schunk, Meece, &
Pintrich, 2014). Observational protocols and qualitative methods, such as interviews and reflective
journals, have also been employed to capture the richness of affective experiences in learning
environments (Pekrun, 2011; Plass et al., 2015).
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Behavioral learning is assessed by directly observing how tasks are performed, how often
individuals participate, the rate at which tasks are completed, and the exhibition of specific skills and
competencies (Domjan, 2013; Fredricks et al., 2004). In digital and game-based environments, behavioral
data can be collected through log files, clickstream analysis, and in-game metrics, providing real-time
evidence of engagement and skill development (Hamari et al., 2016; Plass et al., 2015).

In light of the constraints associated with relying on a single method, modern researchers support
the use of comprehensive assessment techniques that integrate data from cognitive, affective, and
behavioral areas (Bransford et al., 2000; Shute & Ventura, 2013). This was achieved through vector
modeling. The outcome of employing such a triangulated approach is the development of authentic
assessments. These assessments, which include project-based learning activities, portfolios, and
simulations, are gaining recognition for their effectiveness in evaluating complex learning outcomes in
real-world settings (Gulikers, Bastiaens, & Kirschner, 2004; Darling-Hammond & Snyder, 2000).

1.4  Conceptual Comparison Between Game Based Learning and Gamification

Within this theoretical landscape, the distinction between traditional and game-based learning
becomes increasingly salient. As this analysis continues, it is necessary to establish the relative
pedagogical advantages of gamification over Game-Based Learning (GBL). This assertion is grounded in
a comparative analysis across six dimensions: 1) nature, 2) structure, 3) User Awareness, 4) Learning
Environments, 5) duration, and 6) Content Focus. Game-based learning is an instructional approach that
employs full-fledged games with defined rules, goals, and feedback systems to facilitate knowledge or
skill acquisition. Learners engage directly in gameplay, where educational content is intrinsically
integrated within the game’s mechanics and narrative, promoting problem solving, critical thinking, and
decision making (Gee, 2003; Kapp, 2014; Connolly et al., 2012).

However, a clear distinction must be made between GBL and gamification. The systems utilized in
GBL are self- contained systems specifically designed to impart certain skills or knowledge. Hence,
learners actively engage in gameplay, where educational content is directly integrated into the mechanics,
narrative, and code. This means that there is a clear distinction between “inside the game” and “outside
the game.” Furthermore, users see a clear distinction between the two. Game-based learning follows a
distinct structure: a defined beginning, gameplay phase, and conclusion. This flow (Start — Play — Stop)
is fundamental to the game experience and culminates in a “win state” for users. While aiming to win,
learners are consciously aware that they are engaging with a game, and the game itself becomes the
primary vehicle for content delivery. Throughout this process, learners remain consciously aware of their
engagement with games. The game serves as the principal medium for imparting knowledge. GBL is
particularly effective in teaching complex cognitive skills, such as resource allocation, decision-making,
and managing trade-offs.

This is often done within immersive and contextualized scenarios, making learning easier. GBL is
commonly employed in formal, structured instructional events, typically as standalone learning
experiences in either classroom or online formats (Kapp, 2014). In contrast, gamification applies select
game elements—such as points, levels, achievements, badges, and leaderboards—to non-game contexts
(Deterding et al., 2011). There is no unified narrative or win state; instead, game mechanics are layered
over existing activities to motivate users and reinforce desired behaviors (Werbach & Hunter, 2015). In
terms of user awareness, GBL provides an overtly game-like experience in which learners are fully aware
that they are playing a game. These experiences are often immersive and story-driven, promoting deep
cognitive engagement among users. Through simulations, role-playing, and interactive scenarios, GBL
supports the development of critical and system thinking (Gee, 2003; Shaffer et al., 2005). For instance,
in the game Minecraft, players follow specific paths involving survival, construction, and exploration and
often complete fixed tasks to earn rewards. In contrast, gamification is distinctly subtle, and learners may
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not always be aware that they are engaging in a “game-like” experience. Instead, they are motivated by
incremental rewards and feedback mechanisms that promote continued interaction with learning content
(Hamari, Koivisto, & Sarsa, 2014). Such incremental motivation is what makes gamification an excellent
tool for reinforced learning; through incremental bursts of motivational stimuli, learners more easily
internalize fundamental concepts, retain key information, and develop deeper cognitive associations.
Explicit and immersive game-based learning experiences underscore their benefits in structured settings,
such as boardrooms or workshops (Kapp, 2014). However, the self-contained nature of these games often
renders them one-time events. Despite being immersive and instructional in nature, game-based learning
lacks continuity, often leading to eventual boredom and a dip in additional learning. Thus, while GBL is
highly effective for recreational or scenario-based instruction, it is less optimal for incremental or ongoing
learning. Examples include strategy games such as SimCity, which teaches urban planning, and medical
simulations used for training healthcare professionals (Connolly et al., 2012). In contrast, gamification is
modular and scalable in nature. It is frequently delivered via mobile applications, tablets, or desktop
platforms and is delivered in short, incremental bursts, typically ranging from 2 to 5 minutes. Its structure
allows users to engage with the content anytime and anywhere, making it ideal for modern microlearning
environments (Kapp, 2014; Landers, 2014; Pho & Dinscore, 2015).

Such repetition, which is inherent in gamification, leads to constant reinforcement, which is
essential for long-term learning (Harmon, 2016). Such short, structured interactions are particularly
effective in classroom settings, allowing learners to cover a wide array of topics efficiently within limited
time frames and with minimal effort (Pan, 2020).

Table 1. Conceptual Comparison Between Game-Based Learning & Gamification Across Key
Pedagogical Dimensions

Dimension Game-Based Learning (GBL) Gamification
1. Nature Full games with educational content Game elements in non-game contexts
2. Structure Start — Play — Stop with win state Continuous tasks, no defined endpoint
3.User Awareness Learners know they're playing a game Game-like elements often unnoticed

4.LearningEnv. Immersivescenano_based' structured Modular, flexible, used anywhere settings

Immersive, settings

5. Duration One-time, longer immersive experiences Short, repeatable microlearning bursts

6. Content Focus Deep skills like decision-making Reinforcement of basic concepts

1.5 Engagement, Motivation, And Learning Outcomes: Empirical Evidence

Empirical studies have further reinforced these assertions. Research in education has demonstrated
that computer game- based learning produces comparable immediate knowledge gains compared to
conventional learning methods; however, game-based learning yields superior long-term retention and
higher engagement (Kanthan & Senger, 2011). The interactive, feedback-rich nature of games has been
credited with promoting deeper cognitive involvement, which drives motivation.

Similarly, gamification has been shown to improve motivation and engagement across diverse
domains by leveraging incremental rewards and social competition (Hamari et al., 2014). Its modular
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nature facilitates easy implementation, making gamification more accessible to modern learner
preferences. However, studies also caution that the effectiveness of game-based approaches can vary by
demographic factors such as gender and language background (Chang, Lee, Byeon, & Lee, 2015),
underscoring the need for rigorous scholarly research into game-based approaches across diverse
populations.

Empirical research consistently demonstrates that well-designed GBL environments can enhance
student engagement, motivation, and knowledge retention compared to traditional instructional methods
(Plass, Homer, & Kinzer, 2015; Wouters et al., 2013). For example, Wouters et al. (2013) found, in a
meta-analysis of 77 studies, that GBL not only improved learning outcomes but also increased retention
and engagement compared to conventional approaches. Plass et al. (2015) further argued that GBL’s
effectiveness is rooted in its ability to provide meaningful feedback that fosters a sense of supported
autonomy—one of the drivers of intrinsic motivation (Xi & Hamari, 2019).

However, the literature also notes that the impact of GBL is contingent on the alignment between
game mechanics and learning objectives. Gamification is not a one-size-fits-all solution; poorly designed
gamification can exacerbate existing issues rather than remedy them. Learners’ prior experiences and
individual differences also influence the impact of GBL. Thus, while GBL holds substantial promise, its
efficacy is not universal and requires careful instructional design (Hamari et al., 2016; De Freitas &
Oliver, 2006; Fredricks, Blumenfeld, and Paris 2004).

1.6  Current Level of Gamification in Education

Systematic review studies indicate that gamification in education has been exponential, with an
increasing number of empirical studies each year (Dicheva & Dichev, 2015). Caponetto, Earp, and Ott
(2014) similarly reported a substantial increase in research and practical implementation, especially in
higher education and STEM fields. The most commonly utilized gamification mechanics are points,
badges, and leaderboards, with recent trends showing a rise in the use of avatars and gamification of
single-course activities, such as assignments and collaborative projects. Blended learning environments
and e-learning platforms are the primary contexts for gamification, reflecting the broader digitalization of
educational practice. Despite this growth, the field has moved beyond the initial “peak of inflated
expectations” and is now entering a phase of critical scrutiny, with a notable increase in studies reporting
mixed or inconclusive results regarding the efficacy of gamification (Dicheva & Dichev, 2015).

This study aims to systematically provide clarity on research gaps, establish distinct connections
between theoretical frameworks and practical applications in education, and critically analyze student
perceptions of game-based learning and conventional learning in India. By addressing the critical
challenges in science education and literacy, this study aims to provide empirical evidence of the efficacy
of innovative pedagogical approaches. The methodology section details the nature of this research, data
collection methods, selection techniques, and analytical techniques, thereby providing empirical evidence
for this critical analysis.

1.7 Gaps in Existing Research

Despite the high levels of interest in conventional learning methods and game-based learning,
several gaps in the existing literature convolute the clarity of the topic. The primary gaps in the current
literature are as follows:

I. Inconsistent conceptual definitions: The literature tends to mix up the terms “game-based- learning”
and gamification, leading to inconsistent definitions and making it difficult to compare findings across
studies (Deterding et al., 2011; Werbach & Hunter, 2015)
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Il. Lack of quantitative evidence: There is a paucity of hands-on quantitative research and authentic,
integrative assessment strategies that triangulate cognitive, affective, and behavioural outcomes,
limiting understanding of the sustained impact of pedagogical innovations (Bransford et al., 2000;
Shute & Ventura, 2013)

I11.Limited Empirical Research: Much of the existing research on gamification and student motivation has
been conducted in Western or urban contexts, with limited empirical focus on South Asia, and
especially India, where educational challenges and resource constraints are markedly different (ASER
Centre, 2024).

2. Methodology

This study utilized a rigorously designed quantitative methodology to critically analyze the
comparative effects of game- based learning (GBL) and conventional learning approaches on student
engagement and motivation in under-resourced government schools in India. The methodological
framework is grounded in established educational psychology and learning sciences. Throughout this
research, this framework utilized validated psychometric instruments, robust sampling procedures, and
culturally sensitive adaptation protocols to meet the high standards of validity essential for generalizing
findings. Cognizant of the gaps in existing studies, which are the persistent methodological limitations in
the existing literature, overreliance on Western-centric models, and the paucity of contextually relevant
data, this study was conducted with empirical precision and multidimensional emphasis. The study’s
design was informed by the goal of generating reliable evidence that can inform both pedagogical practice
and policy shifts in resource-constrained educational environments, which can be generalized.

The methodological framework was developed with a high emphasis on the internal validity,
reliability, and transferability of the findings to other resource-deprived environments. Hence,
standardized data collection protocols, rigorous ethical safeguards, and strong privacy protection
protocols, were employed to capture the multidimensional nature of student engagement and motivation.
This approach is explicitly designed to address the complex socioeconomic factors interlinked with
schooling in India.

2.1 Research Aims and Objectives

Primary Aim: The central aim of this research is to critically evaluate the different effects of game-
based learning and conventional pedagogical approaches on student motivation and engagement in
resources-deprived, Indian government school. This study addresses a significant empirical gap by
investigating how technology-enhanced (gamification & game-based-learning) learning environments
interact with student perception; in the hopes of aiding policy-intervention.

Research Objectives:

I.The objective was to empirically assess and contrast student engagement and motivation patterns
across GBL and conventional classrooms by employing multidimensional engagement scales that
captured motivation, engagement, and behavioral dimensions.

Il. This study aimed to analyze students’ perceptions and preferences regarding pedagogical approaches
and perceived learning effectiveness.

By implementing a linguistically adapted and methodologically rigorous research design. This
study underscores the essentiality of critical analyses in pedagogical studies. The findings are intended to
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enhance the generalizability and relevance of evidence-based pedagogical approaches and policy
interventions for marginalized populations.

Research Hypothesis:

H1

H2

H3

H4

HS5

H6

H7

H8

H9

H10

Hi11l
H12
H13
H14
H15

2.2

There is a significant difference between Male and Female students in their preference for
conventional learning (dependent variable).

There is a significant difference between Male and Female students in their preference for game-
based- learning (dependent variable).

There is a significant difference between the Male and Female groups with respect to the
dependent variable Student Engagement

There is a difference between the Male and Female groups with respect to the dependent variable
Student Motivation

There is a significant difference in preference for conventional learning between students aged
13-15 and those aged 16-18.

There is a significant difference in preference for game-based learning between students aged 13—
15 and those aged 16-18.

There is a significant difference in student motivation between students aged 13-15 and those
aged 16-18.

There is a significant difference in student engagement between students aged 13—-15 and those
aged 16-18.

There is a significant negative correlation between preference for conventional learning and
game-based learning.

There is a significant correlation between preference for conventional learning and student
motivation.

There is a significant correlation between student engagement and conventional learning.
There is a significant correlation between student motivation and game-based-learning.
There is a significant correlation between student engagement and game-based-learning.
Game-based learning preference will significantly predict student motivation

Game-based learning preference will significantly predict student engagement

Variable Classification

This study used a systematic variable classification framework. Variables were categorized
according to their theoretical roles within this research design, thus enabling a precise examination of the
relationships between student engagement, student motivation, game-based learning (GBL), and
conventional learning.

An Empirical Analysis of Conventional and Game Based Pedagogical Approaches on Learner Motivation and Engagement 373



Science Research and Review July, 2025

< International Journal of Social T —

Control Variables:

I. Gender: Operationalized as a binary variable (male/female) based on self-reports. Gender was
included as a control variable because of documented differences in educational technology engagement
and gaming preferences (Hamari et al. 2016).

1. Age: Operationalized as a continuous variable (years). The sample was restricted to students aged 13—
18 years to ensure homogeneity and adequate representation of the sample. As mentioned in the sampling
techniques, responses below 13 years of age or above 18 years of age were discarded from the selection.

Dependent Variables:

I. Student Motivation: Conceptualized as a continuous variable. Further illustrated as a multidimensional
construct grounded in Self-Determination Theory, it captures both intrinsic and extrinsic motivational
dimensions.

1. Student Engagement: Conceptualized as a continuous variable. Reflecting the cognitive, affective, and
behavioral dimensions of engagement, as theorized in multidomain engagement theories (Fredricks,
Blumenfeld, & Paris, 2004).

This classification framework ensures that all variables are operationalized in alignment with
established theoretical constructs. This is employed to support the validity and reliability of the
subsequent statistical analyses.

2.3 Participant and Sampling Techniques

This study employed purposive sampling to select government-run schools (no. = 93) within the
Gurgaon region that had implemented game-based learning initiatives. This approach enabled focused
insights into schools with relevant experiential contexts, though it does not claim statistical
generalizability across India.

Quantitative data were collected using a culturally adapted questionnaire to measure student
engagement and motivation levels. These instruments underscore the rigorous methods used to ensure the
validity of this research. This methodologically rigorous approach aimed to generate empirically robust
and generalizable findings while maintaining sensitivity to the unique sociocultural context of Indian
education, thereby contributing to the broader discourse on innovative pedagogical strategies in resource-
constrained educational environments.

From an initial response pool (N& = 2,154), systematically applied exclusion criteria ensured
sample integrity and alignment with the research parameters of this study. Exclusion protocols removed
participants failing age eligibility requirements (n1 = 145) of our target demographic: 13-18 years, (n2 =
38) cases with incomplete ethnicity data. Furthermore, high-minority ethnic groups were sampled to
avoid the risk of wrongful generalization of this research’s findings. Participants with no prior game-
based learning exposure (n3 = 124) were sampled based on essentiality for comparative analysis. Finally,
(n4 = 31) respondents from private educational institutions (outside the study's government school focus)
were discarded.

These exclusions yielded a final analytic sample of (N6 = 1,816 valid cases), representing an 84.3%
retention rate, which exceeded the recommended thresholds for educational intervention research (WWC,
2020).
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Table 2. Showing Selection Metrics

Selection Metrics

Total Cases 2154
Discarded cases in the category of "Age" 145
Discarded cases in the category of "Ethnicity" 38
Discarded cases in the category "Not played game" 124
Discarded cases in the category "Private School" 31
Valid Cases: 1816

2.4  Scales and Instruments

As illustrated previously, the constructs delved into in this research—motivation and learning—are
multidimensional in nature. Hence, this study employed a comprehensive, quantitative survey design to
better meet the conceptual requirements. Psychometrically validated instruments were used to
systematically assess students’ motivation, engagement, and instructional preferences. All instruments
were selected or developed based on their demonstrated internal consistency (onet > 0.80), construct
validity, and suitability for the Indian educational context of this study’s setting. The measurement
framework was specifically designed to enable a robust statistical analysis of the differences between
game-based learning (GBL) and conventional instructional modalities, ensuring methodological rigor and
empirical precision. All scales were adapted to the cultural and linguistic requirements of the sample
demographic, in this case, Indian. Structured Likert-type response formats (ranging from 5-point to 7-
point scales) were employed to capture nuanced variations in responses.

Student Motivation Scale: Student motivation was measured in the questionnaire using validated
scales by Dayel et al. (2018). This instrument, demonstrating high internal consistency (anet = 0.8; net as
mean of aintrinsic = 0.75, aextrinsic = 0.78, alearning beliefs = 0.78; and aself efficacy = 0.89) and
robust construct validity, operationalizes motivation through 20 items rated on a 7-point Likert scale (1 =
Strongly Disagree, 7 = Strongly Agree). The scale comprehensively assesses intrinsic motivation,
extrinsic regulation, and amotivation, consistent with Pintrich’s Social Cognitive Model. The
representative items included: "I feel motivated when lessons are organized and follow a routine.” and
"Learning is fun because | get better at something." This multidimensional methodological framework
enables precise profiling of students’ motivational orientations.

Student engagement was assessed using the Student Engagement Instrument (SEI) developed by
the Check & Connect Program at the University of Minnesota. This 35-item multidimensional scale, with
internal consistency coefficients exceeding desired internal consistency. (onet = 0.82; net as a mean of
arelations = 0.85; alearning = 0.82; agoals = 0.79; alearning goals = 0.79) measures engagement across
cognitive, affective, and behavioral domains using a 5-point Likert scale (1 = Strongly Agree, 5 =
Strongly Disagree). The SEI includes both positively and negatively worded items to minimize response
bias. Example items include: "My teachers are there for me when | need them™ (affective engagement)
"When | do schoolwork, I check to see whether | understand what I'm doing™ (cognitive engagement) "I
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feel like | have a say about what happens to me at school” (behavioral engagement). The SEI’s
multidomain structure ensures comprehensive and reliable assessment of student engagement.

Conventional Learning Scale: A 10-item Conventional Learning Preference Scale was developed
by the research team to measure student affinity for traditional, teacher-directed pedagogical approaches.
Items were rated on a 5-point Likert scale (1 = Strongly Disagree, 5 = Strongly Agree) and captured
dimensions such as comfort, focus, comprehension, and preference for direct instruction. Sample items
include: "I feel comfortable with regular lessons like reading, writing, and listening to the teacher.” and "I
think I understand topics better when they are explained step-by-step by a teacher." The scale’s internal
consistency and validity were established through pilot testing and expert reviews.

Game-Based Learning Preference Assessment: A parallel 10-item instrument was developed to
assess GBL preferences, maintaining structural equivalence with the conventional learning scale while
focusing on the game-mediated educational experience. Items utilize identical 5-point Likert formatting
and include statements such as: "I think | would be more interested in lessons if they included games™ and
"l believe | would try harder if | was learning through games." This instrument includes a dichotomous
screening question (“"Have you ever learned a subject in school through a game or educational app?") to
differentiate between experiential and hypothetical responses, thereby enabling nuanced analysis of
preference formation mechanisms.

The quantitative measurement strategy was explicitly designed to support advanced statistical
analyses, including regression, correlation, t-tests and analysis of variance. This approach enabled the
examination of relationships between methods of learning, motivation, engagement, and preference
constructs. All instruments underwent rigorous adaptation procedures, including translation, back-
translation, and pilot testing, to ensure linguistic and cultural appropriateness for the Indian context.

2.5 Ethical Guidelines

This research adhered to rigorous ethical standards throughout the data collection process. All
participants were comprehensively informed about the study's objectives, methodology, and intended use
of the collected data. A detailed confidentiality and data-handling policy was provided to ensure
transparency regarding data protection measures. Students were notified of this research’s prohibition on
data sharing with third parties for commercial, non- commercial and non-academic purposes.

Prior to participation, students were required to review comprehensive terms of participation that
outlined their rights, responsibilities, and the permanent nature of the data submission. Informed consent
was obtained through an embedded clause in the data collection instrument requiring explicit
acknowledgment: "By continuing with this survey, you affirm that you have read and understood the
terms set forth in this document, and you consent to participate under these conditions. If you do not
accept these terms in full, you are advised to discontinue your participation immediately and exit the
form."

All identifying information, including names, email addresses, were excluded from the analysis and
publication to ensure participant anonymity. Data was immediately aggregated and anonymized upon
analysis to prevent individual identification. The research protocol emphasized voluntary participation
while requiring complete responses to maintain data integrity. Participants were informed that digital
transmission inherently carries minimal security risks, which they accepted as part of their consent to
participate.
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3. Results and Findings

Table 3: Showing T-Test Results for Conventional Learning & Gender

Gender n Mean S.D t df p Cohen's d

Conventional Learning Male 975 14.86 2.84
-1.67 1814 0.096  0.08
Female 841 15.09 2.99

As seen in Table 3. The analysis reveals that the mean preference for conventional learning is
marginally higher among female students (M = 15.09, SD = 2.99) compared to male students (M =
14.86, SD = 2.84). However, an independent sample t-test indicates that this difference is not
statistically significant as t(1814) = -1.67, and p = 0.096 ( p > 0.05), exceeding the conventional alpha
threshold of o = 0.05. Furthermore, the effect size, as measured by Cohen’s d = 0.08, suggests a
negligible difference between the groups. Taken together, these results indicate that there is no
meaningful gender-based variation in students’ preference for conventional learning approaches. Within
the context of Indian schools, this finding implies that both male and female students demonstrate
similarly aligned attitudes toward traditional, teacher-directed modes of instruction. Thus H1 which
states that there would be significant differences between Male and Female students on the dependent
variable of conventional learning is rejected.

Table 4: Showing T-Test Results for Game-Based-Learning & Gender
Gender n Mean SD t df p Cohen'sd

Male 975 46.33 2.95
Game Based Learning -3.48 1814 0.001 0.16
Female 841 46.8 2.76

As seen in Table 4. The analysis reveals female students report a higher mean preference for
game-based learning (M = 46.80, SD = 2.76)) compared to male students (M = 46.33, SD = 2.95), and
this difference is statistically significant as t(1814) = -3.48, and p = 0.001. Where p is highly below the
conventional alpha threshold of a = 0.05 (p < 0.05). Although the effect size is small with Cohen’s d =
0.16, it indicates a consistent trend in the data. These results suggest that female students in this context
exhibit a significantly greater preference for game-based learning than their male peers. This finding
challenges traditional assumptions about gender-based attitudes toward gaming and implies that, within
Indian school settings, game-based pedagogies may hold equal or even greater appeal for female
students. Thus H2 which states that there would be significant differences between Male and Female
students on the dependent variable of game-based- learning is accepted.

Table 5. Showing T-Test Results for Student-Engagement & Gender
Gender n Mean SD t df p Cohen's d

Male 975 140.26 18.9
Student Engagement -1.85 1814 0.064 0.09
Female 841 141.83 16.95
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As seen in Table 5. The analysis illustrated Female students exhibiting a slightly higher mean
engagement score (Mf = 141.83, SD = 16.95) compared to male students (Mm = 140.26, SD = 18.9).
However, the independent samples t-test indicates that this difference is not statistically significant as
t(1814) = -1.85 and p = 0.064, exceeding the conventional significance threshold of a = 0.05. The
corresponding effect size, Cohen’s d = 0.09, underscores a negligible difference in practical terms. These
results suggest that there is no meaningful gender-based variation in overall student engagement. Both
male and female students report comparably high levels of engagement, indicating equitable
engagement outcomes across genders, regardless of instructional differences. Thus, H3 which states that
there would be significant differences between Male and Female students on the dependent variable of
student engagement is rejected.

Table 6: Showing T-Test Results for Student-Motivation &Gender
n Mean SD t df p Cohen'sd

Male 975 190.09 15.16
Student Motivation -3.07 1814 0.002 0.14
Female 841 192.26 14.91

Finally, as seen in Table 6, the analysis showcases that in the context of student motivation,
Female students report higher mean motivation scores (M = 192.26, SD = 14.91) compared to male
students (M = 190.09, SD = 15.16), and this difference is statistically significant as t(1814) = -3.07, p =
0.002. The effect size, Cohen’s d = 0.14, indicates a small but consistent difference. These findings
suggest that female students exhibit significantly greater levels of motivation than their male
counterparts, albeit with a modest effect size. While the practical implications may be slightly limited, the
result points to a meaningful gender-related trend in motivational outcomes, which may warrant
consideration in the development of targeted interventions aimed at enhancing student motivation. Thus,
H4 which states that there would be significant differences between Male and Female students on the
dependent variable of student motivation is accepted.

Table 7: Showing T-Test Results for Conventional Learning & Age Groups

n Mean SD t df p Cohen'sd

Conventional Learning 16-18 1157 15.02 291
1.11 1814 0.266 0.05
13-15 659 14.86 2.92

As seen in Table 7. The analysis of conventional learning preference across age groups (13-15 vs.
16-18 years) reveals that older students (n = 1,157) report a marginally higher mean score (M = 15.02,
SD = 2.91) than younger students (n = 659; M = 14.86, SD = 2.92). However, an independent-samples
t-test shows that this difference is not statistically significant, t(1,814) = 1.11, p = 0.266, and Cohen’s d
= 0.05 indicates a negligible effect size. Both younger and older students in Indian schools exhibit
comparable orientations toward conventional learning methods. Thus, H5 which states that there would
be significant difference in preference for conventional learning between students aged 13-15 and those
aged 16-18 is rejected.
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Table 8: Showing T-Test Results for Game-Based Learning & Age Groups
n Mean S.D t df p Cohen'sd

Game Based Learning 16-18 1157 46.12 2.93
-8.63 1814 <.001 0.42
13-15 659 473 261

As seen in Table 8, Students aged 13-15 report a markedly higher mean preference for game-based
learning (M = 47.30. SD = 2.61) than their older peers aged 16-18 (M = 46.12, S.D = 2.93). An
independent-samples t-test confirms this difference is highly significant, t(1,814) = -8.63, p < .001, and
the effect size (Cohen’s d = 0.42) denotes a moderate practical impact. These results indicate that early
adolescents in Indian schools exhibit a substantially stronger orientation toward game-based pedagogies
than older students, suggesting that gamified instructional interventions may be particularly salient and
engaging for the 13-15 age cohort. Thus H6 which states that there would be significant difference in
preference for game-based-learning between students aged 13-15 and those aged 16-18 is accepted.

Table 9: Showing T-Test Results for Student Motivation & Age Groups
n Mean SD t df p Cohen'sd

Student Motivation 16-18 1157 189.48 15.21
-6.11 1814 <.001 0.3
13-15 659 193.93 14.44

As seen in Table 9. Students aged 13-15 exhibited a higher mean motivation score (M = 193.93,
SD = 14.44) than those aged 16-18 (M = 189.48, SD =15.21). An independent-samples t-test confirmed
this difference as highly significant, t(1,814) = —6.11, p < .001, and the effect size (Cohen’s d = 0.30)
reflects a small-to-moderate practical impact. These results indicate that younger adolescents in Indian
schools demonstrate substantially greater motivation than their older counterparts. This age-related
decline in motivation suggests that targeted interventions—particularly those leveraging game-based
learning strategies—may be especially important for sustaining and enhancing student engagement as
learners advance through secondary school. Thus H7 states that there would be significant difference in

student motivation between students aged 13-15 and those aged 16-18 is accepted.

Table 10: Showing T-Test Results for Student Engagement & Age Groups
n Mean SD t df p Cohen'sd

Student Engagement 16-18 1157 139.18  18.73
-5.71 1814 <.001 0.28
13-15 659 14416  16.28

As seen in Table 10. Students aged 13-15 demonstrated a higher mean engagement score (M =
144.16, SD =16.28) than those aged 16-18 (M = 139.18, SD = 18.73). An independent-samples t-test
shows this difference to be statistically significant, t(1,814) = -5.71, p < .001, and the effect size
(Cohen’s d = 0.28) indicates a small practical impact. These findings reveal that younger adolescents in
Indian schools are notably more engaged than their older peers. Although the effect is modest, the
pattern suggests a gradual decline in engagement as students advance through secondary school,
underscoring the potential value of age-tailored pedagogical strategies to sustain engagement across
grade levels. Thus H8 which states that there would be significant engagement in student motivation
between students aged 13-15 and those aged 16-18 is accepted.
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Table 11: Showing Correlation Between Conventional Learning, GBL, Student Motivation &

Student Engagement
Conventional Game Based Student Student
Learning Learning Motivation Engagement

Conventional Correlation 1 -0.06 002 01
Learning

p 0.006 0.36 <.001
Game Based lati

. Correlation -0.06 1 0.67 0.71

Learning

p 0.006 <.001 <.001
Student Motivation Correlation -0.02 0.67 1 0.72

p 0.36 <.001 <.001
Student .

Correlation 0.1 0.71 0.72 1

Engagement

P <.001 <.001 <.001

As seen in Table 11. The Pearson correlation between conventional learning preference and
game-based learning preference was weakly negative, with r = —-0.06, p = .006, indicating a statistically
significant relationship at the o = 0.05 level. In practical terms, this suggests that students who express a
stronger inclination toward traditional, teacher- directed instruction tend to exhibit slightly lower
enthusiasm for game-based learning, and students who express a stronger preference towards game-
based-learning tend to show lower enthusiasm for game-based learning. However, the magnitude of this
effect is minimal, implying that the two preferences are largely independent and that favoring one
approach does not strongly predict disfavoring the other. H9 is accepted.

The Pearson correlation between conventional learning preference and student motivation was
very weak and non- significant with r = —0.02, p = .36. The p-value exceeds the conventional o = 0.05
threshold, the findings fail to reject the null hypothesis of no linear association. In practical terms, this
indicates that students’ motivational levels bear no meaningful relationship to their orientation toward
traditional, teacher-directed instruction in this Indian school sample. H10 is rejected.

Next, the correlation between preference for conventional learning and student engagement was
weakly negative with r=-0.10, p < .001, indicating a statistically significant relationship at the a = 0.05
level. In practical terms, students who favor traditional, teacher-directed instruction tend to report slightly
lower engagement; however, the effect size is minimal, suggesting that preference for conventional
learning accounts for only a small fraction of the variance in engagement. Consequently, while this
negative association is reliable, other factors are likely far more influential in shaping student
engagement. H11 is accepted.

For game-based learning and student motivation, the correlation was strong and statistically
significant with r = 0.67, p< .001. This indicates a strong positive relationship: students who express
greater preference for game-based instructional approaches also tend to report substantially higher levels
of motivation. The strength of this association underscores the potential of game-based pedagogies to
enhance student motivation, particularly within the context of Indian government schools, and suggests
that integrating such approaches may play a critical role in fostering sustained learner engagement in
underserved communities. H12 is accepted.
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Lastly, correlation between preference for game-based learning and student engagement was
strong and statistically significant with r = 0.71, p < .001. This indicates a strong positive association:
students who favor game-based instructional modalities tend to exhibit markedly higher levels of
engagement. The strength of this correlation highlights the considerable potential of game-based
strategies to enhance student engagement, reinforcing their relevance as effective pedagogical tools in
educational contexts. H13 is accepted.
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Figure 1. Showing The Correlation Relation Between Conventional Learning, Game Based
Learning, Student Motivation, And Student Engagement
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In evaluating the relation between student’s preferences, several key patterns emerged. First, there
is a weak but statistically significant negative correlation between preference for conventional learning
and preference for game-based learning. This finding indicates that, although students who favor teacher-
directed instruction tend to be marginally less enthusiastic about game-based modalities. When
conventional learning preference was correlated with student motivation, the association was effectively
zero signifying no meaningful linear relationship. In other words, a student’s orientation toward
traditional pedagogies provides no reliable indication of their motivation level. A similarly small inverse
relationship emerged between conventional learning preference and student engagement; this weak
effect implies that conventional learning accounts for only a tiny fraction of the variance in engagement,
and other factors are likely far more determinative. By contrast, preferences for game-based learning
demonstrated robust positive associations with both motivation and engagement. Students who
expressed a stronger affinity for game-based instructional approaches reported substantially higher
motivation and markedly greater engagement . Collectively, these results underscore that conventional
pedagogical approaches result in little practical influence on student motivation, with a marginal
negative link to engagement. In contrast, game-based learning preferences are strongly and positively
linked with both engagement and motivation. This evidence points to the considerable promise of game-
based pedagogies as effective tools for enhancing student motivation and engagement in under-resourced
environments where traditional approaches have shown limited impact.

Table 12: Showing Regression of Motivation, And Conventional & Game Based Learning

Model B Beta SE t p R?
Constant 25.22 4.56 553 <.001
Conventional Learning 0.11 0.02 0.09 125 0.212 0.45
Game Based Learning 3.53 0.67 009 3854 <001

*Dependent variable = student motivation

The multiple regression model predicts student motivation from both game-based learning (GBL)
preference and conventional learning preference with an R? of 0.45. This indicates that 45% of the
variance in motivation scores is accounted for by the combined influence of these two predictors, a
notably strong fit for educational research in real- world settings.

As shown in Table 12, Game-based learning preference emerges as the principal driver of student
motivation. Holding conventional learning preference constant, each one-unit increase in GBL scores
corresponds to a 3.53-unit rise in motivation (unstandardized B = 3.53). The standardized beta
coefficient of 0.67 further attests to the large, positive strength of this relationship. The effect is highly
robust, as evidenced by a t-value of 38.54 and p <.001. In practical terms, these results confirm that the
more students favor gamified instructional modalities, the more motivated they become—underscoring
the potent motivational leverage offered by game-based pedagogies in Indian schools.

By contrast, conventional learning preference contributes negatively to the prediction of
motivation once GBL preference is taken into account. The unstandardized coefficient of 0.11 indicates
that a one-unit increase in conventional preference produces only a 0.11-unit increase in motivation, and
the standardized beta of 0.02 reflects its minimal effect size. Statistically, this predictor fails to reach
significance (t = 1.25, p = .212), implying that, in the context of this model, traditional instructional
orientation does not exert a meaningful independent influence on motivational outcomes.

Collectively, these findings highlight game-based learning preference as the dominant
motivational predictor, with its large standardized beta and highly significant effect driving the model’s
explanatory power. Conventional learning preference, by contrast, offers no unique predictive value
beyond that captured by GBL orientation. The model’s R? of 0.45 underscores that attitudes toward
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game-based instruction alone account for nearly half of the variation in motivation among Indian
secondary-school students. These empirical results provide compelling support for integrating game-
based pedagogical strategies to bolster student motivation, while suggesting that reliance on
conventional teaching methods will yield limited motivational benefit in this context. Thus H15 which

states that game-based-learning will significantly predict student motivation is accepted.

Table 13: Showing Regression of Engagement and Conventional & Game Based Learning

Model B Beta S.E t p R?
Constant -59.85 519 -1154 <.001
Conventional Total -032 -005 01 -3.07 0.002 0.5
GBL total 442 0.7 0.1 424 <001

*Dependent variable = student engagement

The multiple regression model predicts student engagement from both game based learning
(GBL) preference and conventional learning preference with an R2 of 0.5. This indicates that 50 percent
of the variance in engagement scores is accounted for by the combined influence of these two
predictors, a significantly high fit for educational research in real world settings, further higher than
motivation.

When both predictors are entered together, game-based learning preference emerges as the
principal driver of engagement. Specifically, each one-unit increase in GBL preference corresponds to a
4.42-point rise in engagement (B = 4.42), and its standardized beta of 0.70 confirms it as a very strong
predictor. This relationship is highly robust (t = 42.40, p < .001), demonstrating that students who favor
gamified instructional approaches consistently report substantially higher engagement.

In contrast, conventional learning preference exhibits a modest negative association with
engagement once GBL preference is controlled. A one-unit increase in conventional preference predicts
a 0.32-point decrease in engagement (B = —-0.32), with a small standardized beta of —0.05. Although this
effect is comparatively minor, it is statistically reliable (t = —3.07, p = .002), indicating that, independent
of game-based orientation, stronger affinity for traditional, teacher-directed methods is linked to slightly
lower engagement.

Together, these predictors explain half of the variance in student engagement (R2 = 0.50),
reflecting a notably high degree of explanatory power for educational field research. The lion’s share of
this model fit derives from game-based learning preference, underscoring its dominant role in shaping
engagement outcomes. Meanwhile, the small but significant negative contribution of conventional
learning preference suggests that traditional pedagogies may slightly undermine engagement when
students are simultaneously considering game-based alternatives. Thus H16 which states that game-
based-learning will significantly predict student engagement is accepted.

These results provide rigorous empirical support for the integration of game-based pedagogical
strategies in Indian secondary-school contexts: GBL preference not only predicts but substantially drives
student engagement. By contrast, conventional instructional orientation appears to detract modestly
from engagement when weighed against gamified approaches. Educators and curriculum designers
aiming to maximize learner involvement should therefore prioritize game-based elements, while
recognizing that an overemphasis on traditional methods may inadvertently dampen student engagement.
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4. Discussion

This study critically examined the differential impacts of game-based, and conventional
pedagogical approaches on multidimensional learning outcomes in Indian science classrooms.

The findings of this research substantially align with and extend with existing empirical evidence
regarding the efficacy of gamified and game-based pedagogical approaches in enhancing student
motivation and engagement. The observed strong positive correlations between game-based learning
preference and both student motivation and engagement corroborate recent systematic reviews and
critical analyses that consistently demonstrate gamification's capacity to enhance motivational outcomes
across diverse educational contexts. These effect sizes align closely with Kim and Castelli's (2021)
meta-analytic findings, which reported moderate to large positive effects (Cohen's d = 0.48) for
gamified interventions on behavioral change in educational settings. However, this research’s findings
notably contrast with studies that have reported mixed or inconclusive outcomes. Particularly, those
examining longer-term implementations. The gender-based findings, where female students
demonstrated significantly higher preferences for game-based learning approaches, challenge traditional
assumptions about gaming preferences. Furthermore, this challenge aligns with emerging research
suggesting that digital learning games may be more effective for female students than commonly
presumed (Alotaibi, 2024; Alsofyani, 2022; Dan et al., 2024; McLaren et al., 2022; Nadeem et al., 2023;
Pittser, 2024). The age-related decline in preference for game-based learning among older adolescents
(16-18 years) supports recent concerns about the persistent efficacy of gamification effects over extended
periods; Furthermore, this aligns with research indicating that brief interventions are significantly more
effective than longer-term implementations (Abedi et al., 2019; Bailey et al., 2020; Schmidt et al.,
2023).

weak correlations between conventional learning preferences and motivational outcomes provide
empirical support for pedagogical approaches in resource-constrained environments, particularly in
developing countries where technology integration faces significant logistic challenges (Ratinho &
Martins, 2023; Kim & Castelli, 2021; Baker et al., 2025; Educational Technology Debate, 2024;
Ghoulam et al., 2024).. The study's findings that game-based learning preferences account for 45% of
variance in motivation and 50% of variance in engagement represent substantial effect sizes that exceed
many reported outcomes in prevalent educational technology research. This aligns with recent meta-
analyses and empirical studies demonstrating that game-based learning significantly enhances student
motivation and engagement (Zhang & Yu, 2022; Chen et al., 2021). For example, Zhang and Yu (2022)
reported strong positive effects of GBL on both motivation and achievement, while Chen et al. (2021)
found that digital games notably increased students’ interest and learning efficiency. Additional research
confirms that GBL fosters higher participation, enjoyment, and attentiveness (Lan Dinh Thi, 2025;
Agustina & Jolanons, 2024), and also supports cognitive and social development (Nisbet, 2024; ).
Collectively, these findings highlight the multifaceted benefits of game-based learning, and its potential
to surpass traditional educational technology approaches in promoting student motivation and
engagement. (Apriani, Apriani, & Prastiawan, 2019; Al-Khayat, Gargash, & Atig, 2023). This
underscores that the cultural adaptation of gamified approaches to Indian educational contexts may have
enhanced their effectiveness beyond what has been observed in predominantly Western-centric studies.
(ALNAP, 2001; Collaborators, 2024; Racherla, 2025; Cruchinho et al., 2024).

5. Conclusion

This study provides a comparative analysis of conventional and game-based pedagogical
approaches in under-resourced Indian secondary schools, revealing that game-based learning (GBL)
exerts a substantially greater positive influence on student motivation and engagement than traditional
teacher-directed approaches. By employing validated, multidimensional instruments and sampling
across diverse government schools, the research demonstrates that preferences for GBL are strongly and
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positively associated with both motivational and engagement outcomes, whereas conventional learning
preferences show negligible or even slightly negative relationships with these constructs. Notably,
younger adolescents and female students exhibit higher affinity and benefit from GBL, challenging
prevailing assumptions about demographic differences in educational technology. These results
highlight the transformative potential of integrating game-based strategies into curricula to address
persistent educational challenges in resource- constrained environments.

6. Limitations

Few methodological limitations constrain the generalizability and interpretation of these findings.
The reliance on self- reported data through Likert-scale instruments introduces potential response bias,
social desirability effects, and cultural adaptation. Such potential biases may have influenced participant
responses, in self-reported data. Next, the methodological design prevents causal inferences about the
relationships between pedagogical preferences and learning outcomes. Furthermore, the study's focus on
schools in India limits generalizability to other educational contexts or cultural settings. Additionally,
the exclusion of participants without prior game-based learning exposure may have introduced selection
bias, while the linguistic adaptation of Western-developed instruments, despite rigorous translation
procedures, may not have fully captured linguistically specific constructs.

7. Future recommendations and policy interventions

Future research should employ longitudinal designs, incorporate objective behavioral measures
alongside self-reported data, and examine the long-term sustainability of gamification effects across
diverse cultural and socioeconomic contexts—such as tracking students’ engagement and performance
in a gamified classroom over a year using platform data and motivation surveys, and implementing
gamification in schools from different cultures, collecting digital activity logs and self-reports over a
semester to assess the long-term, cross-cultural sustainability of effects.

Based on the findings, three actionable policy frameworks are proposed to translate empirical
insights into systemic change. First, national teacher training reforms should restructure certification
programs to include pedagogical hybridization modules. This training must equip educators to design
gamified reward systems aligned with regional learning objectives, develop hyperlocal game-based
scenarios using community-specific contexts—such as agriculture- based science challenges in farming
communities—and implement triangulated assessment strategies that synthesize cognitive tests,
affective self-reports, and behavioral analytics. Such reforms would bridge theoretical rigor with
contextual implementation.

Second, infrastructure-agnostic digital frameworks should guide state-level edtech policies,
prioritizing offline- compatible gamification tools like SMS-based quizzes and physical progress
boards for electricity-scarce regions.

Concurrently, open-source repositories for culturally adapted game-based learning templates and
mobile assessment Kits for behavioral data collection in remote schools would democratize access while
respecting socioeconomic constraints. These measures would transform technological limitations into
opportunities for innovation.

Third, longitudinal equity audits must be institutionalized as mandatory five-year evaluations.
These should systematically track retention disparities across gender and caste cohorts in gamified
environments, analyze cost-per- outcome efficiency of hybrid models versus conventional approaches,
and assess transferability of skills to livelihood activities such as agro-science applications. Such audits
would ensure accountability while generating evidence for iterative policy refinement.
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