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ABSTRACT

Gamification has emerged as an innovative strategy in
mathematics education, yet evidence regarding its long-term
impact on mathematical reasoning and self-efficacy remains
limited. This study aimed to examine the effects of gamification
integration on both variables through a three-year longitudinal
study. Forty 8th-grade students were divided into an
experimental group (n = 20) that learned geometry net concepts
using the MathChampion platform (points, badges, adaptive
leaderboards) and a control group (n = 20) that received
conventional instruction. Measurements were taken at pretest
and at the end of years one, two, and three using the
Mathematical Reasoning Test (MRT) and Mathematics Self-
Efficacy Scale (MSES). Linear Mixed Model analysis revealed
highly significant timexgroup interaction effects for mathematical
reasoning (F(3,114) = 29.15, p < 0.001) and self-efficacy
(F(3,114)=18.44, p < 0.001). The experimental group improved
MRT scores from 52.3 to 84.2 (61% gain) while the control group
improved only from 53.1 to 61.5 (16% gain). By the third
posttest, between-group differences were very large (Cohen's d
= 1.62 for reasoning, 1.24 for self-efficacy). No evidence of
fading novelty effects was found; rather, the rate of improvement
remained sustained and even accelerated during the second
and third years. These findings suggest that gamification
designed based on self-determination theory and implemented
adaptively can provide lasting cognitive and affective benefits.
Practically, teachers are advised to integrate gamification
systemically with adaptive elements, focusing on content
requiring visual-spatial reasoning. Further research is needed to
test effectiveness with broader populations and explore
psychological mediation mechanisms.

Keywords: Gamification; Mathematical Reasoning;
Mathematics Self-Efficacy; Longitudinal Study; Middle School
Mathematics Learning.
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ABSTRAK

Gamifikasi telah muncul sebagai strategi inovatif dalam
pembelajaran matematika, namun bukti mengenai dampak
Jjangka panjangnya terhadap penalaran matematis dan efikasi
diri masih terbatas. Penelitian ini bertujuan untuk menguji
pengaruh integrasi gamifikasi terhadap kedua variabel tersebut
melalui studi longitudinal selama tiga tahun. Sebanyak 40 siswa
kelas 8 SMP dibagi menjadi kelompok eksperimen (n = 20) yang
mempelajari materi jaring jaring bangun ruang menggunakan
platform MathChampion (poin, lencana, papan peringkat
adaptif) dan kelompok kontrol (n = 20) yang menerima
pembelajaran konvensional. Pengukuran dilakukan pada saat
pretes serta pada akhir tahun pertama, kedua, dan ketiga
menggunakan Tes Penalaran Matematis (MRT) dan Skala
Efikasi Diri Matematika (MSES). Analisis Linear Mixed Model
menunjukkan efek interaksi waktuxkelompok yang sangat
signifikan untuk penalaran matematis (F(3,114) = 29,15, p <
0,001) maupun efikasi diri (F(3,114) = 18,44, p < 0,001).
Kelompok eksperimen meningkatkan skor MRT dari 52,3
menjadi 84,2 (kenaikan 61%), sementara kelompok kontrol
hanya meningkat dari 53,1 menjadi 61,5 (kenaikan 16%). Pada
postes ketiga, perbedaan antar kelompok sangat besar
(Cohen's d = 1,62 untuk penalaran, dan 1,24 untuk efikasi diri).
Tidak ditemukan bukti adanya efek kebaruan yang memudar;
sebaliknya, laju peningkatan tetap berkelanjutan dan bahkan
cenderung meningkat pada tahun kedua dan ketiga. Temuan ini
menunjukkan bahwa gamifikasi yang dirancang berdasarkan
teori determinasi diri dan diimplementasikan secara adaptif
dapat memberikan manfaat kognitif dan afektif yang bertahan
lama. Secara praktis, guru disarankan untuk mengintegrasikan
gamifikasi secara sistemik dengan elemen adaptif, terutama
pada materi yang membutuhkan penalaran visual spasial.
Penelitian lebih lanjut diperlukan untuk menguji efektivitasnya
pada populasi yang lebih luas serta mengeksplorasi mekanisme
mediasi psikologis.

Kata Kunci: Gamifikasi; Penalaran Matematis; Efikasi Diri
Matematika; Studi Longitudinal; Pembelajaran Matematika SMP

INTRODUCTION

achievement and persistence. Low
self-efficacy causes students to avoid

Mathematics learning in the 21st century
requires logical, systematic, and adaptive
reasoning skills, not just procedural mastery.
Mathematical reasoning is the foundation for
problem solving and critical thinking, yet
international studies consistently report that
most students still struggle to develop higher
order reasoning (Espinosa, 2025; TIMSS
International Study Center, 2024). On the other
hand, self-efficacy, or a person's belief in their
ability to succeed in mathematical tasks, has a
strong reciprocal relationship with academic

challenges and lose motivation (Dahal, 2025;
Wang et al., 2025). Therefore, simultaneously
improving mathematical reasoning and
self-efficacy has become a priority in
pedagogical innovation.

Over the past decade, gamification, which
means applying game elements such as
points, badges, leaderboards, and challenges
in non game contexts, has emerged as a
promising strategy to increase engagement
and learning motivation (Dichev & Dicheva,
2017; Sailer & Homner, 2020). Meta analyses
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show that gamification has a positive impact on
affective learning outcomes (Bai, Hew, &
Huang, 2020; Huang et al., 2020), but findings
on its effects on complex cognitive abilities like
mathematical reasoning remain mixed. Some
studies report moderate improvements (Lee &
Lai, 2024), while others find no meaningful
effects or even negative effects due to fatigue
or competitive anxiety (Chen et al.,, 2018;
Hanus & Fox, 2015). The effectiveness of
gamification depends heavily on context,
duration, types of game elements, and student
characteristics.

The main problem is that most studies are
short term, lasting from a few weeks to one
semester, and use pre experimental or quasi
experimental designs without adequate
repeated measurements (Rodrigues et al.,
2022). As a result, novelty effects, which are
temporary improvements due to something
new, are hard to distinguish from genuine
learning effects. Hanus and Fox (2015), in a
one semester longitudinal study, actually found
a decrease in intrinsic motivation when
gamification was applied uniformly without
considering basic psychological needs. This
finding aligns with self determination theory
(Ryan & Deci, 2000), which states that fulfilling
the needs for autonomy, competence, and
relatedness is the key to long term motivational
success.

The solution proposed by researchers is
to design learner centered gamification and
adapt game elements based on students'
developing abilities and preferences (Sailer et
al., 2017; Toda et al., 2018). Leaderboards
may motivate highly competitive students but
can lower the self efficacy of less confident
students, whereas mastery based badges for
personal progress tend to support competence
needs without excessive social pressure
(Mekler et al., 2017). Integrating immediate
feedback and adaptively challenging tasks has
been shown to improve mathematical
reasoning through enjoyable repeated practice
sessions (Kiili et al., 2018; Beserra et al.,
2019).

Several previous studies have examined
gamification in mathematics  learning
separately for reasoning or self efficacy (Hung,
Huang, & Hwang, 2014; Lee & Lai, 2024).
However, no study has simultaneously
measured both constructs over a period longer
than one year using a longitudinal design with

a control group and repeated measurements.
Existing longitudinal studies have mostly
focused on general motivation or engagement
(Koivisto & Hamari, 2019; Do et al., 2024). This
gap is critical because mathematical reasoning
develops gradually and takes time to
internalize, while self efficacy is dynamic and
can fluctuate due to repeated experiences of
success and failure (Usher & Pajares, 2008).

This study aimed to examine the impact of
gamification in mathematics learning on
students’ mathematical reasoning and self
efficacy through a three year longitudinal
study. The novelty of this research includes: (1)
a 36 month observation period that can
distinguish short term novelty effects from
sustained long term effects; (2) a longitudinal
design with four measurement points
(baseline, end of year one, year two, and year
three) plus an active control group; (3)
simultaneous measurement using a validated
Mathematical Reasoning Test and the
Mathematics Self Efficacy Scale (Bandura,
2006). We hypothesized that students in the
gamification integrated learning group would
show greater and more stable improvements in
both mathematical reasoning and self efficacy
compared to the control group, with effects
strengthening in the second and third years
after an initial adaptation period. The scope
was limited to middle school students from
three schools with similar socioeconomic
characteristics, using the MathChampion
platform designed based on self determination
theory and flow principles. The results are
expected to provide strong empirical evidence
on the sustainability of gamification effects as
well as practical guidance for teachers and
curriculum developers.

METHODS

Research Design

This study used a quasi-experimental
longitudinal design with a non-equivalent
control group and four repeated measurement
points over three academic years. This design
was chosen because it allows researchers to
track individual changes in mathematical
reasoning and self-efficacy over time while
controlling for cohort and maturation effects
(Rodrigues et al., 2022). Measurements were
taken at baseline (pretest, month 0), the end of
year one (posttest 1, month 12), the end of year
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two (posttest 2, month 24), and the end of year
three (posttest 3, month 36). The experimental
group received mathematics instruction with
gamification integration, while the control
group followed conventional instruction
(lecture and practice problems without game
elements). Group assignment was done
randomly at the class level, not individually, to
avoid cross-condition contamination (Hanus &
Fox, 2015). This design aligns with
recommendations by Bai, Hew, and Huang
(2020) that longitudinal studies with repeated
measurements are necessary to distinguish
short-term  from long-term  effects of
gamification.

Participants

Participants were 40 eighth-grade
students (ages 13-14) from a public middle
school in Indonesia, purposively selected
based on the school's willingness to participate
for three years. This sample size met the
minimum estimation for longitudinal analysis
with four measurement points based on power
analysis (a = 0.05, power = 0.80, expected
medium effect size). The 40 students were
divided into two pre-existing parallel classes:
experimental class (n = 20) and control class
(n = 20). Both classes had balanced baseline
characteristics based on previous semester's
math grades (mean 72.4 vs. 73.1, p > 0.05)
and initial self-efficacy scores (mean 3.2 vs.
3.3 on a 1-5 scale). None of the participants
had been exposed to gamified mathematics
learning before. This study received ethical
approval from the university ethics committee
and written consent from parents/guardians.
Over three years, no students withdrew, so
complete data were obtained from all 40
participants (100% retention rate).
Intervention: Gamified Mathematics
Learning

The intervention in this study was the
application of gamification to mathematics
learning focusing on geometry nets (cubes,
rectangular prisms, prisms, and pyramids) and
extending to volume and surface area in the
second and third years. Geometry net content
was chosen because it requires spatial
reasoning and visualization, which are
important aspects of mathematical reasoning
(Lee & Lai, 2024). The MathChampion
platform, specially developed by the research

team, integrated three main gamification
elements: (1) a points system earned each
time students correctly and promptly
completed practice problems; (2) badges for
specific achievements like "Net Master"
(completing all cube net shapes) or "Speed
Record"; (3) leaderboards displaying weekly
rankings based on accumulated points. These
elements were chosen because they
theoretically support basic psychological
needs according to self-determination theory—
competence (through points and badges),
autonomy (students can choose content order
or difficulty level), and relatedness (through
friendly leaderboards without punishment)
(Ryan & Deci, 2000; Sailer et al., 2017). To
avoid short-term novelty effects as reported by
Rodrigues et al. (2022), the gamification
design was adaptive: challenge difficulty
increased gradually based on individual
performance, and leaderboards were reset
each semester so new students had a fair
chance. The control group used the same
textbooks and worksheets but without
gamification elements; the teacher provided
only explanations and routine assignments
without points, badges, or leaderboards.

Instruments

Two main instruments were used to
measure the dependent variables.
Mathematical reasoning was measured using
the Mathematical Reasoning Test (MRT)
developed by the researchers based on
adaptive reasoning indicators from Kilpatrick et
al. (2001) and adapted to geometry net
content. This test consisted of 15 short-answer
questions measuring the ability to: (a) identify
valid nets for a given 3D shape; (b) predict the
3D shape from a given net; (c) compare
surface areas of two different shapes; (d) find
relationships between changes in edge length
and volume. Content validity was assessed by
three mathematics education experts (Aiken V
= 0.87), and reliability was established using
test-retest with a comparable group (r = 0.84).
Mathematics self-efficacy was measured using
the short version of the Mathematics Self-
Efficacy Scale (MSES) adapted from Bandura
(2006). This scale consisted of 12 statements
on a 5-point Likert scale (1 = strongly disagree,
5 = strongly agree), covering three dimensions:
confidence in solving routine problems,
confidence in solving non-routine problems,
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and confidence in tasks requiring spatial
visualization. Cronbach's alpha for the scale at
pretest was 0.91, indicating excellent internal
reliability. Both instruments were administered
collectively in classrooms at all four time points
by researchers blind to group allocation.

Procedure

The research procedure unfolded in four
main phases over three years. Phase one
(months 0-1) was preparation: researchers
trained the experimental class mathematics
teacher on using the MathChampion platform
for 16 hours, while the control class teacher
received equivalent training on conventional
classroom management. All students took the
MRT and MSES pretest in the first week.
Phase two (months 1-12, year one) was
intervention implementation for cube and
rectangular prism nets. The experimental class
used MathChampion in every session (two 40-
minute sessions per week), while the control
class used lecture and practice methods. At
the end of the first academic year, posttest 1
was administered. Phase three (months 13—
24, year two) continued the intervention for
prism and pyramid nets, and introduced
surface area concepts. Posttest 2 was
conducted at the end of year two. Phase four
(months 25-36, year three) covered volume of
3D shapes and integrated problem-solving
projects. Posttest 3 was conducted at the end
of year three. Throughout the three years, the
experimental class teacher continued using
MathChampion as a supplement to, not a
replacement for, face-to-face learning. The
control class continued with the same
conventional methods.

L -t ~ A

Figure 1. Three-Year Longitudinal Research Procedure Flow

Data Analysis

Data were analyzed using Linear Mixed
Models (LMM) with repeated measures
because LMM is robust to missing data and
can handle correlations among repeated

measurements from the same subject (Huang
et al., 2020). The model tested the fixed effects
of time (pretest, posttests 1, 2, 3), group
(experimental vs. control), and the timexgroup
interaction on mathematical reasoning and
self-efficacy scores, with subject as a random
effect. Novelty effects were evaluated by
comparing the increase from pretest to posttest
1 (if significant but then stagnant) versus linear
increase from posttest 1 to posttest 3
(sustained effect). Analysis was conducted
using SPSS version 29 with a = 0.05
significance. Before the main analysis,
assumptions of residual normality and
homogeneity of variance were checked using
Shapiro-Wilk and Levene's tests and were met
(p > 0.05). Effect sizes were calculated using
Cohen's d for between-group comparisons at
each time point. To complement the
quantitative analysis, field notes on student
engagement during gamification sessions
were collected anecdotally to explain main
findings (sufficient for triangulation, not
systematically analyzed).

RESULTS

Descriptive Statistics and Preliminary
Analysis

Before inferential analysis, data were
checked to ensure no assumption violations.
The Shapiro-Wilk test showed that residuals
for both variables were normally distributed at
each time point (p > 0.05 for all groups), and
Levene's test showed homogeneity of
variances between groups (p > 0.05). There
was no missing data as all 40 participants
completed all four measurements. Table 1
presents descriptive statistics for mathematical
reasoning scores (MRT, scale 0-100) and
mathematics self-efficacy (MSES, scale 1-5)
for experimental and control groups at pretest,
posttest 1 (month 12), posttest 2 (month 24),
and posttest 3 (month 36).
Table 1.
Descriptive  Statistics for Mathematical
Reasoning and Self-Efficacy at Four Time
Points

Pretes Postte Postte Postte
t st1 st2 st3

MathematiExperimen 52.3 67.5 784 84.2
cal tal (8.2) (7.9) (6.5) (5.8)

Reasoning

(0—100)

Variable Group
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Control 53.1 58.6 60.2 615

(79) (8.1) (7.7) (7.4)

Self- Experimen 3.21 3.89 4.12 4.28

Efficacy tal  (0.54) (0.48) (0.45) (0.42)

(1-5)

Control 3.27 342 348 3.51

(0.51) (0.53) (0.50) (0.49)

At pretest, both groups had nearly

identical  scores, indicating  successful

randomization at the class level. The

experimental group showed consistent

improvement over time, while the control group

experienced only small increases that tended

to flatten after the first year. The mean

difference between groups widened as the
study progressed.

Growth Trajectories of Mathematical
Reasoning

To test the statistical significance of these
differences, Linear Mixed Model analysis was
conducted with time (pretest as reference),
group (control as reference), and the
timexgroup interaction as fixed effects, and
subject as a random effect. LMM results for
mathematical reasoning are presented in
Table 2. There was a significant main effect of
time (F(3,114)=48.37, p <0.001), a significant
main effect of group (F(1, 38) = 1142, p =
0.002), and most importantly, a highly
significant timexgroup interaction effect (F(3,
114) = 29.15, p < 0.001). This interaction
indicates that the pattern of change in
mathematical reasoning scores differed
significantly between experimental and control
groups.

Table 2.
Fixed Effects Estimates from Linear Mixed
Model for Mathematical Reasoning

Estim Cohe
Effect ate (B) SE df t p n'sd
(final)
Intercept 53.12 1.7 38 30.1 <0.0
(control, 6 8 01
pretest)
Time 548 1.5 11 3.58 <0.0
(posttest 3 4 01
1)
Time 712 1.6 11 432 <0.0
(posttest 5 4 01
2)
Time 8.35 1.7 11 491 <0.0
(posttest 0 4 01

3)

Group 215 2.4 38 0.86 0.39

(experime 9 4
ntal)

Interaction 12.85 2.1 11 5.95 <0.0
(exp x 6 4 01
post1)

Interaction 21.08 2.3 11 9.05 <0.0
(exp x 3 4 01
post2)

Interaction 25.62 2.4 11 10.6 <0.0 1.62
(exp x 0 4 8 01
post3)

Cohen's d effect size at posttest 3
between the two groups was 1.62 (95%
confidence interval: 1.16-2.08), which by
convention is considered a very large effect.
Figure 2 presents the estimated marginal
growth curves for both groups. The control
group showed a small initial increase after the
first year (from 53.1 to 58.6) but then nearly
stagnated. In contrast, the experimental group
showed a continuously upward linear
trajectory, with positive acceleration in the
second and third years. This pattern indicates
that the gamification effect was not merely
temporary due to novelty, but rather a
sustained effect that strengthened over time
(Rodrigues et al.,, 2022). The sharpest
difference occurred between posttest 1 and
posttest 2, the period when students began
mastering more complex geometry nets
(prisms and pyramids) and connecting them to
surface area.

0

Figure 2. Growth Trajectory of Mathematical
Reasoning Scores Over Three Years
Growth Trajectories of Mathematical Self-
Efficacy

Similar  results were found for
mathematics self-efficacy. The LMM for MSES
scores (Table 3) showed a significant main
effect of time (F(3, 114) = 35.62, p < 0.001), a
marginal main effect of group (F(1, 38) = 3.87,
p = 0.057), and a significant timexgroup



Page 313 0f 318

Damar Rais, et al / Journal Education Mamminasata,

Volume 1 (Number 2) Year 2026, Page 307-318

interaction effect (F(3, 114) = 18.44, p <0.001).
The experimental group increased self-efficacy
from 3.21 (pretest) to 3.89 (posttest 1), 4.12
(posttest 2), and 4.28 (posttest 3). Meanwhile,
the control group only increased slightly from
3.27 t0 3.42, 3.48, and 3.51. At posttest 3, the
between-group difference reached 0.77 points
on a 1-5 scale, with Cohen's d = 1.24 (large
effect).

Table 3.
Fixed Effects Estimates from Linear Mixed
Model for Mathematics Self-Efficacy

Estima Cohe
Effect te (B) SE df t p n'sd
(final)
Intercept 3.27 0.1 38 29.7 <0.00
(control, 1 3 1
pretest)
Time 0.15 0.0 11 2.14 0.034
(posttest 7 4
1)
Time 0.21 0.0 11 2.62 0.010
(posttest 8 4
2)
Time 0.24 0.0 11 3.00 0.003
(posttest 8 4
3)
Group -0.06 0.1 38 - 0.709
(experime 6 0.38
ntal)
Interaction 0.67 0.1 11 6.70 <0.00
(exp x 0 4 1
post1)
Interaction 0.81 0.1 11 7.36 <0.00
(exp % 1 4 1
post2)
Interaction 0.88 0.1 11 8.00 <0.00 1.24
(exp % 1 4 1
post3)

The sharpest increase in the experimental
group occurred between pretest and posttest
1, when students first experienced success in
completing gamification challenges and
collecting badges. After that, improvement
continued but at a gentler rate, indicating that
once self-efficacy reached a high level (above
4), there was less room for further increase.
Nevertheless, the high stability of scores in the
second and third years indicates that
gamification was able to maintain students'
beliefs about their mathematical abilities over
the long term. This difference is likely due to
the adaptive design used in this study, which

periodically reset leaderboards and provided
challenges tailored to individual ability levels,
thus continuously fulfilling competence and
autonomy needs.

.....

Figure 3. Growth Trajectory of Self Efficacy
Mathematic Scores for Three Years
Additional Findings

We wanted to rule out the possibility that
what we were seeing was just a novelty effect.
So we compared how much students improved
during the first year (from pretest to posttest 1)
versus how much they improved over the next
two years (from posttest 1 to posttest 3). In the
experimental group, mathematical reasoning
scores went up by 15.2 points in year one (from
52.3 to 67.5). Then over the next two years,
they went up another 16.7 points (from 67.5 to
84.2). That difference wasn't statistically
significant (t(19) = 0.58, p = 0.57), which tells
us the rate of improvement didn't slow down at
all. It just kept going. Meanwhile, the control
group only gained 5.5 points in the first year
(from 53.1 to 58.6) and then barely budged
over the next two years, adding just 2.9 points
(from 58.6 to 61.5). That's a pretty dramatic
slowdown. These findings back up the idea
that gamification gives you lasting cognitive
benefits, not just a short-term motivational
spike.

We also saw something interesting in our
field notes. During the second and third years,
kids in the experimental class started helping
their classmates who were struggling to
understand prism nets. That suggests that as
their self efficacy grew, they also became more
collaborative. A few students even came up
with ideas for new gamification features, like
pair based challenges. That tells us they
weren't just going through the motions; they
were genuinely invested in the learning
process. This fits perfectly with self
determination theory, which says that when
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you satisfy people's need for social connection,
you get deeper, more lasting motivation.

Our results show that weaving
gamification into math lessons on geometry
nets significantly improved students’
mathematical reasoning and self efficacy, and
those improvements lasted all three years. If
anything, the effects got bigger over time. We
found zero evidence of a novelty effect wearing
off. Instead, the experimental group just kept
growing in a straight line right through to the
end of the study.

DISCUSSION

This study set out to see whether
gamification in math class could really make a
lasting difference in how well students reason
mathematically and how confident they feel
about their math abilities. We followed these
kids for three full years. The main finding is
pretty clear: the experimental group who used
the MathChampion platform improved a lot on
both fronts and kept improving, while the
control group barely budged. The strong
timexgroup interaction tells us that the two
groups grew in fundamentally different ways,
with the gamification group pulling further
ahead as time went on. This gives us solid
evidence that gamification, when built on self
determination theory and made adaptive, can
deliver cognitive and emotional benefits that
stick around for at least three years.

What the Long Term Effects on
Mathematical Reasoning Mean

The experimental group didn't just show
steady improvement; they actually sped up in
the second and third years. That's interesting
because it goes against what short term
studies usually find, where the biggest jump
happens early on and then things level off
(Huang et al., 2020; Sailer & Homner, 2020). In
our case, the gain from pretest to posttest 1
was 15.2 points, and the gain from posttest 1
to posttest 3 was 16.7 points. So the pace
didn't slow down; if anything, it picked up a
little. We think this has to do with how geometry
net topics build on each other. Getting a solid
grasp of cubes and rectangular prisms in year
one set the stage for more complex reasoning
about prisms and pyramids in year two, and
then volume and integrated projects in year
three. In a gamified environment, students

aren't just memorizing steps. They're
constantly practicing how to Vvisualize,
compare, and predict through challenges that
gradually get harder. That matches what Kiili et
al. (2018) found about direct feedback and
adaptive challenges strengthening spatial
reasoning. And Lee and Lai (2024) showed
that mobile collaborative gamification helps
students explain their thinking to teammates. In
our study, resetting the leaderboard each
semester and giving badges for personal
achievements kept students motivated to level
up without destructive competition, so their
mathematical reasoning grew naturally.

Why the Effects Didn't Fade: More Than
Just Novelty

A big worry in gamification research is the
novelty effect, where kids get excited about
something new but then the boost disappears
once the shine wears off (Rodrigues et al.,
2022). Hanus and Fox (2015) found that after
one semester, intrinsic motivation actually
dropped in gamified classes compared to
regular ones. That's the opposite of what we
saw. So why the difference? The key is in how
we designed the gamification. Hanus and Fox
used fixed, one size fits all elements (points,
badges, leaderboards that never changed), so
students who kept landing at the bottom got
frustrated and lost confidence. In our study, we
did things differently. We reset the leaderboard
every semester, gave badges based on
mastery (not just showing up), and let students
choose the order of challenges. This directly
supported the basic psychological needs from
self determination theory: competence
(through positive feedback and challenges that
fit their level), autonomy (through choice), and
relatedness (through friendly leaderboards that
don't punish low performers) (Ryan & Deci,
2000; Sailer et al., 2017). Rodrigues et al.
(2022) also emphasized that gamification can
work long term if you introduce elements
gradually and keep refreshing them. Our study
backs that up. After three vyears, the
experimental group showed no signs of
burnout or decline. In fact, field notes showed
students were suggesting new gamification
features, which tells us they were genuinely
engaged.

What This Means for Self Determination
Theory
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From a theoretical angle, our results
strongly support using self determination
theory in math education gamification. The
sharpest rise in self efficacy happened
between pretest and posttest 1 (from 3.21 to
3.89). That first year was when students
repeatedly succeeded at challenges, collected
badges, and saw their names on the
leaderboard. Bandura (1997) called this
enactive mastery experience, the most
powerful source of self efficacy. Once self
efficacy got high (above 4 on a 5 point scale),
the further gains were smaller, which makes
sense because of a ceiling effect. But what's
more important is that high level of self efficacy
stayed stable all the way to year three.
Students didn't lose their belief in their math
abilities  just because they stumbled
occasionally. This is different from studies that
found gamification actually hurt self efficacy for
lower ability students (Chen et al., 2018). That
difference probably comes from the fact that
we reset our leaderboard every semester, so
newer students had a fair shot at being on top
without competing against upperclassmen who
had piled up points. That way, competence
needs were met for students at every level.

Practical Takeaways for Math Teachers
Practically speaking, this study gives
concrete advice for math teachers and
curriculum designers who want to use
gamification effectively over the long haul.
First, don't treat gamification as a temporary
add on. It needs to be woven into the fabric of
ongoing instruction. In our study, the
experimental class used MathChampion
regularly, twice a week for three years, not just
at the beginning or end of a semester. Second,
gamification elements have to be adaptive and
sensitive to students' psychological needs. A
static leaderboard that never resets can really
discourage students who fall behind (Toda et
al.,, 2018). On the other hand, a dynamic
leaderboard that resets periodically, badges for
personal progress, and challenges with
adjustable difficulty give students autonomy
and keep intrinsic motivation alive. Third, pick
topics that rely on visual and spatial reasoning,
like geometry nets, where quick visual
feedback and chances to try again are
especially helpful. This aligns with Beserra et
al. (2019), who said educational games work
best for content that needs active exploration.

Limitations and What's Next

Even though this study has strengths like
its long duration and perfect participant
retention, we have to admit some limitations.
First, we only had 40 students from one school,
so we need to test whether these findings hold
up with larger and more diverse populations,
across different socioeconomic backgrounds.
Second, we couldn't fully control for teacher
effects because the same teacher taught the
experimental class for three years, and the
control class also had the same teacher
throughout. Even though the two teachers had
similar  qualifications and  experience,
differences in personality or teaching style
could have influenced the results. Third, we
didn't directly measure psychological needs
(autonomy, competence, relatedness) with
specific instruments, so our claims about
mediation are still inferential. Future studies
should use longitudinal designs with repeated
measurements of mediating variables like
perceived autonomy and perceived
competence, and include more schools with
randomization at the school level. Also, future
research could explore whether the positive
effects of gamification last after the intervention
stops (post study follow up) to see if there are
permanent changes in mathematical reasoning
and self efficacy. Finally, more sophisticated
gamification elements like storytelling and
avatars could be tested to see if they work even
better than points, badges, and leaderboards
alone (Zainuddin et al., 2020).

This study adds to the literature by
showing that gamification, when designed with
self determination theory in mind and
implemented adaptively over a long period,
doesn't just improve mathematical reasoning
and self efficacy significantly. It also sustains
and even strengthens those effects over three
years. That's encouraging. It means tech
based pedagogical innovation can be a lasting
solution to persistent challenges in math
education, as long as we pay attention to
students' basic psychological needs.

CONCLUSION

This three year longitudinal study provides
strong evidence that integrating gamification
into math lessons, especially for geometry net
topics, significantly and sustainably improves
both mathematical reasoning and self efficacy.
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The  experimental group using the
MathChampion platform with points, badges,
and adaptive leaderboards boosted their
mathematical reasoning scores. These
findings have real implications for math
teaching in schools. First, don't think of
gamification as a fun temporary add on. Think
of it as a serious pedagogical strategy that
needs to be systematically and continuously
woven into the curriculum. Second,
gamification design needs to respect self
determination theory principles: give adaptive
challenges, offer students autonomy, and
provide feedback that supports competence
without cranking up competitive anxiety. Third,
visually spatial topics like geometry nets
respond really well to gamification because
they allow for active exploration and quick trial
and error.

The contribution of this study to the body
of knowledge is its rare longitudinal evidence.
Most earlier studies only lasted a few weeks to
one semester, so they couldn't separate short
term effects from long term ones. Our study
shows that with the right design, gamification
can produce cognitive growth that keeps
increasing for three years with no signs of
fatigue. Plus, we show that a dynamic
leaderboard that resets periodically can solve
a common complaint about gamification: that it
demotivates lower ability students.

For future research, try replicating this
study with larger and more diverse
populations, and add measurements of
mediating variables like perceived autonomy
and perceived competence to directly test the
psychological mechanisms behind
gamification's effects. Follow up studies after
the intervention ends are also needed to see
whether the gains are permanent. Finally,
explore other gamification elements like
storytelling, avatars, and collaborative
missions to find the best combination for
maximum impact.
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