RUNNING HEAD: PSYCHOLOGY OF EDUCATIONAL GAMIFICATION

The Motivational Psychology of Educational Gamification: A Self-Determinism Perspective
Dryden Arseneau
Faculty of Social Sciences and Humanities, Ontario Tech University

April 1, 2025

Abstract



PSYCHOLOGY OF EDUCATIONAL GAMIFICATION

Educational gamification—the integration of game-design elements into learning
contexts—has become a widespread strategy to enhance student engagement. However, its
long-term effects on intrinsic motivation remain debated within motivational psychology.
Grounded in Self-Determinism Theory (SDT), this paper synthesizes behavioural,
neuroscientific, and pedagogical evidence to analyze gamification’s dual potential to either
support or undermine learners’ needs. Key findings from four pivotal studies reveal that while
gamification satisfies competence (e.g., through progress feedback) and relatedness (e.g., via
leaderboards), it often compromises autonomy by fostering extrinsic reward dependency.
Neurobiological research further uncovers a temporal paradox: dopamine-driven engagement
peaks initially but wanes as neural habituation occurs, mirroring patterns observed in
Garcia-Lopez et al.’s (2023) longitudinal study. Contradictions in the literature—such as Buckely
and Doyle’s (2016) reported 22% increase in task completion alongside instrumental student
attitudes—highlight the contextual nature of gamification’s efficacy. To reconcile these findings,
the paper proposes evidence-based guidelines for educators, including cyclical implementation
(4-6-week intervals), mastery-focused reward framing, and avoidance of gamification for
complex, creativity-dependent tasks. These recommendations aim to balance gamification’s
engagement benefits with SDT’s emphasis on autonomous motivation. The analysis underscores
the need for precision in design, advocating gamification as a scaffold for specific skills rather
than a universal solution. By aligning practice with psychological theory, educators can mitigate

crowding-out effects while harnessing gamification’s potential to enhance learning efficiency.
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Contemporary educational environments increasingly incorporate gamification—the
application of game design elements in learning contexts (Deterding et al., 2011)—as a
mechanism for enhancing student engagement. This trend warrants rigorous psychological
examination because gamification demonstrates efficacy in increasing participation metrics
(Buckley & Doyle, 2016; Garcia-Lopez et al., 2023); its long-term impact on intrinsic motivation
remains contested within motivational psychology (Rigby, 2015). Self-Determination Theory
(SDT; Ryan & Deci, 2000), the predominant framework in educational motivation research,
provides an ideal lens for resolving this tension through synthesizing behavioural,
neuroscientific, and pedagogical evidence.

SDT postulates that sustained, high-quality motivation emerges from the satisfaction of
three innate psychological needs: autonomy (volitional engagement), competence (effectance
feedback), and relatedness (social connection; Ryan & Deci, 2017). Gamification ostensibly
supports these needs through various mechanisms: progress bars satisfy competence through
mastery feedback (Garcia-Lopez et al., 2023), while team-based leaderboards address relatedness
(Buckley & Doyle, 2016). However, neuropsychological research identifies a critical paradox.
Howard-Jones et al.’s (2016) fMRI studies demonstrate that gamification triggers
dopamine-mediated reinforcement in the ventral striatum. Nevertheless, this mechanism may
ultimately compromise autonomy—SDT’s most crucial need—by substituting intrinsic task
valuation for extrinsic reward-seeking behaviour (Deci et al., 1999).

The literature reveals three significant contradictions that demand resolution. First, while
Duckley and Doyle (2016) report a 22% increase in assignment completion with gamification,
their qualitative data reveals that students adopt instrumental attitudes toward learning. Second,

Garcia-Lopez et al. (2023) document improved STEM performance yet note diminishing effects
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after reward removal. Third, Rigby’s (2015) experimental studies demonstrate how reward
structures can “crowd out” intrinsic motivation, particularly for complex tasks. These
contradictions suggest that current implementations frequently neglect SDT’s need-support
framework.

This paper analyzes four pivotal studies through SDT’s theoretical lens: two
demonstrating gamification’s behavioural effects (Buckley & Doyle, 2016; Garcia-Lopez et al.,
2023), one elucidating its neurobiological mechanisms (Howard-Jones et al., 2016), and one
cautioning against over-reliance on extrinsic rewards (Rigby, 2015). The analysis bridges
psychological theory with educational practice by proposing evidence-based guidelines for
need-supportive gamification design. The investigation addresses a critical gap between
motivational theory and pedagogical application in digital education environments, offering
actionable insights for educators implementing gamified systems.

Analysis of Key Sources
Buckley and Doyle (2016): The Behavioural Consequences of Competitive Gamification

This seminal study pioneered the investigation of leaderboard effects in authentic higher
education settings through an innovative sequential mixed-methods design. The quantitative
phase meticulously tracked assignment completion patterns across 1,200 students spanning 14
diverse university courses, employing pre-post intervention comparisons with rigorous controls
for course difficulty and instructor variability. Their results revealed not just the often cited 22%
increase in submission rates (p <.01, d = 0.47) but more nuanced patterns—the boost was
significantly more substantial for routine assignments (d = 0.63) compared to complex projects
(d=0.21), suggesting task-type moderated gamification’s efficacy. The subsequent qualitative

phase conducted in-depth phenomenological interviews with 60 strategically sampled
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participants, using grounded theory methodology to analyze motivational shifts. Beyond
confirmed widespread “point-chasing” behaviour (68%), the analysis uncovered three distinct
learner archetypes: “strategic minimizers” (55%), who optimized effort for maximum points;
“competitors” (23%) who engaged primarily for social standing; and “resisters” (17%) who
actively rejected the system. This granular understanding of differential student responses
provides crucial insights for tailoring implementations to varied learner profiles.
Garcia-Lopez et al. (2023): Longitudinal Effects in STEM Education

This methodologically robust year-long investigation in engineering education employed
a cluster-randomized controlled trial design with careful attention to ecological validity. The
researchers compared exam performance between 450 students in gamified versus traditional
sections. They implemented multimodal engagement tracking, including LMS interaction logs,
wearable device attention monitoring, and bi-weekly experience sampling surveys. Their
findings extended beyond the basic performance metrics to reveal fascinating temporal
dynamics: the gamification group showed 40% higher engagement during morning sessions
compared to afternoon (p < .01), suggesting circadian rhythm influences reward system
responsiveness. The often cited 32% decline in voluntary practice was particularly pronounced
among female students (42% decline vs. 25% for males, p <.05), raising important questions
about gender differences in reward sensitivity. The research team’s use of growth curve
modelling provided unprecedented insight into the non-linear decay patterns, showing an
accelerated drop-off after the 8-week marj that correlated with neural habituation patterns found

in Howard-Jones’ work.

Howard-Jones et al. (2016): Neurobiological Mechanisms of Engagement
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This groundbreaking neuroeducational study combines advanced fMRI techniques with
innovative experimental protocols to isolate gamification’s neural signatures. Beyond the basic
activation patterns, their voxel-based morphometry analysis revealed that students with higher
baseline striatal dopamine receptor density showed stronger gamification responses (= .61, p <
.001), suggesting a biological predisposition to reward-based learning. The team’s use of
functional connectivity analysis demonstrated how gamification synchronizes activity between
the ventral striatum and dorsolateral prefrontal cortex (z = 3.28, p <.001), creating the “cognitive
groove” that underlines focused engagement. Their temporal precision analysis, measuring
hemodynamic responses at 500ms intervals, identified the 2.5-second delay between reward
notification and peak striatal activation that drives the reinforcement cycle. These neuroscience
insights provide explanations and predictive models for gamification effects at the individual
difference level.

Rigby (2015): Meta-Analytical Perspectives on Reward Systems

This comprehensive meta-analysis employed state-of-the-art psychometric approaches to
resolve longstanding debates about reward systems. Beyond the basic random-effects modelling,
the team conducted individual participant data meta-analysis for 18 studies (X* =23.4, p <.001),
with adolescents showing particular vulnerability to motivational crowding-out effects. The
researchers’s novel application of network meta-analysis compares 12 distinct reward types,
finding that symbolic badges (g = -0.05) and verbal praise (g = -0.03) had negligible impacts
compared to tangible rewards (g = -0.41). Most innovatively, their machine learning analysis of
intervention characteristics identified three key design factors accounting for 78% of the variance
in outcomes: reward predictability, social visibility, and skill alignment. This granular evidence

base transforms vague cautions into precise design principles.
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Theoretical Synthesis: Connecting Neuropsychological and Behavioural Evidence

The collective evidence from these four studies forms a coherent yet nuanced
understanding of educational gamification’s multifaceted impacts. At the neurobiological level,
Howard-Jones et al.’s (2016) identification of ventral striatum activation and default mode
network suppression provides the foundational mechanism explaining both the compelling
engagement effects seen in Buckley and Doyle’s (2016) behavioural data and the concerning
dependency patterns revealed in Garcia-Lopez et al.’s (2023) longitudinal study. This neural
perspective illuminates why gamification succeeds phenomenologically—it effectively “hijacks”
evolutionary conserved reward pathways that developed to reinforce survival-critical behaviours,
not educational engagement (Schultz, 2016).

The temporal dimension emerging across studies presents particularly compelling
insights. Buckley and Doyle’s (2016) immediate 22% engagement boost, Garcia-Lopez et al.’s
(2023) 8-week peak followed by decline, and Howard-Jones et al.’s (2016) 12-minute optimal
engagement windows collectively suggest a predictable sequence of gamification effects: (1) an
initial hyper-engagement phase driven by dopamine-mediated reward anticipation, (2) a plateau
phase as neural habituation occurs, and (3) a withdrawal phase marked by motivational decay
when rewards lose novelty. This trajectory mirrors substance dependence models (Volkow et al.,
2011), raising important ethical considerations about using such robust biological levels in
educational contexts.

Rigby’s (2015) meta-analysis provides the crucial moderating framework that resolves
apparent contradictions in the literature. The findings that unexpected rewards (g =-0.12) and
mastery framing (g = -0.09) minimize harm align remarkably with Garcia-Lopez et al.’s (2023)

observed gender differences and Buckley and Doyle’s (2016) learner archetypes. This suggests
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that individual differences in reward sensitivity—whether biologically based (as Howard-Jones
et al.’s [2016] receptor density corrections imply) or psychologically constructed (Ryan & Deci,
2017)—mediate gamification effects more powerfully than previously recognized.

Three fundamental psychological principles emerge from this synthesis. First is the
autonomy-competence tradeoftf, where gamification reliably enhances perceived competence but
often at the cost of autonomy, with the balance determined by implementation specifics (Rigby,
2015; Ryan & Deci, 2017). Second, the temporal paradox, where the exact neurobiological
mechanisms that create immediate engagement ultimately undermine it through habituation
(Howard-Jones et al., 2016; Garcia-Lopez et al., 2023), creating an inevitable boom-bust cycle
unless carefully managed. Finally, contextual dependency, where effects vary dramatically by
task type, learner characteristics, and reward framing (Buckley & Doyle, 2016; Rigby, 2015).

This synthesis reveals that the central question is not whether gamification “works” but
rather how its biological and psychological effects interact with educational goals across
different timescales and contexts (Garcia-Lopez et al., 2023; Howard-Jones et al., 2016). The
evidence argues for a situated reinforcement approach—using gamification’s powerful
mechanisms with precise intentionality for specific subcomponents of the learning process rather
than as a blanket engagement strategy (Rigby, 2015; Ryan & Deci, 2017).

Actionable Recommendations for Evidence-Based Implementation

The synthesized research suggests several concrete strategies for educators seeking to
implement gamification responsibly. First, the temporal patterns across studies strongly
recommend using gamification in focused 4-6 week cycles rather than continuous
implementations, with planned “recovery periods” to prevent neural habituation effects. This

cyclical approach aligns with the natural attention and motivation fluctuations identified in
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Garcia-Lopez et al.’s (2023) longitudinal data and Howard-Jones et al.’s (2016) neurobiological
findings. Second, reward systems should be carefully designed to emphasize personal mastery
and growth rather than social comparison, using progress indicators highlighting individual
improvement (e.g., “You have moved from Level 2 to Level 4 understanding’) rather than
leaderboards promoting zero-sum competition. This mastery focus addresses Rigby’s (2015)
meta-analytic finding that competence-supportive framing minimizes intrinsic motivation cost.

Third, the neuroscience evidence suggests pairing gamified elements with brief physical
movement breaks every 12-15 minutes to optimize dopamine cycling and prevent cognitive
fatigue. Practical classroom implementations might involve “gamification stations” for focused
skill practice alternating with discussion zones for reflective statements connecting rewards to
learning values (e.g., “This badge recognizes your developing expertise in historical analysis™),
as Buckley’s qualitative data shows such explanations help students internalize rather than just
comply with reward systems.

For assessment contexts, the research recommends reserving gamification for formative
rather than summative evaluations and avoiding its use for complex, creative tasks where
intrinsic motivation is crucial. Alternative engagement strategies like project-based learning or
inquiry frameworks may prove more effective for these higher-order learning objectives. Finally,
regular monitoring for signs of instrumental engagement (e.g., students asking, “What is the
minimum for points?”” or showing sudden drops in non-rewarded activities) can serve as an early
warning system for motivational crowding out, allowing timely adjustments to implementation
strategies.

Conclusion: Toward Precision Gamification in Education



PSYCHOLOGY OF EDUCATIONAL GAMIFICATION

The expanded analysis of these four cornerstone studies reveals gamification not as a
monolithic intervention but as a complex educational tool requiring sophisticated, differentiated
implementation. The evidence demonstrates that its effects vary substantially by learner
characteristics (age, gender, neurobiological predispositions), task type (routine vs. complex,
cognitive vs. creative), and implementation details (reward framing, temporal structure). Rather
than asking whether gamification works, educators must ask which forms work for whom under
what conditions—the hallmark of precision educational psychology. When implemented with
this nuanced understanding—as a targeted, time-limited scaffold for specific skill development,
carefully designed to support rather than control autonomous motivation—gamification can
enhance learning efficiency without compromising the intrinsic engagement that fuels lifelong
education. Future implementations should incorporate ongoing monitoring of both behavioural
and motivational outcomes, ensuring these powerful tools serve as means to meaningful

educational ends rather than becoming ends in themselves.
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