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Abstract: Gamification is increasingly applied in primary school mathematics, yet evidence on the consistency of its 
effects on students' learning outcomes and affective responses remains unclear. This systematic review analyzes the 
gamification elements and platforms used in primary school mathematics and their reported effects on learning.  
Following the PRISMA 2020 guidelines, Scopus, Web of Science, and journals accredited by SINTA (Indonesia's 
national accreditation system) were searched, with the final search conducted on October 20, 2026. English-language 
empirical studies published between 2016 and 2026, including journal articles and conference proceedings, were 
screened against predefined inclusion and exclusion criteria. Eleven studies involving students in grades 1–6 were 
included. The review protocol was developed in advance but not formally registered. Data extraction and quality 
assessment were performed independently by three researchers, and the findings were synthesized narratively. The 
results indicate that gamification can support mathematics achievement,  engagement,  motivation,  and interest 
through  points,  badges,  levels,  challenges,  and  immediate  feedback  delivered  via  both  digital  and  non-digital 
platforms.  However,  its  effect  on learning outcomes is  not consistent across studies,  and evidence on reducing 
mathematics anxiety remains limited. Heterogeneous designs and interventions, together with small samples in 
several studies, limit the strength of these conclusions. Gamification therefore holds promise as a supporting strategy 
in primary school mathematics, but its implementation should be aligned with learning objectives and student 
characteristics and evaluated through more rigorous research.

Keywords: gamification;  mathematics  learning;  primary  school;  learning  motivation;  systematic 
literature review

Received 5 October 2026; Accepted 29 October 2026; Published 10 November 2026

Citation: Surya, A., Salimi, M., Hidayah, R., Wahyudi, A. B. E., & Wahyono. (2026). Gamification in primary school 
mathematics: Findings and implications from a systematic literature review. Premiere Educandum: Jurnal 
Pendidikan Dasar dan Pembelajaran, 16(1), 25–43. https://doi.org/10.25273/pe.v16i1.29

 
Published by Universitas PGRI Madiun. This work is licensed under the Creative Commons Attribution-NonCommercial-
ShareAlike 4.0 International License.



Surya, A., Salimi, M., Hidayah, R., Wahyudi, A. B. E., & Wahyono

INTRODUCTION

Mathematics plays an important role in equipping students with the 21st century skills such as 
critical thinking, problem-solving, creativity, communication, and collaboration (Toheri et al., 
2019; Whitney-Smith et al., 2022). By using various approaches like problem-based learning and 
contextual problem-solving, this subject is expected to strengthen students’ numerical literacy 
and prepare them to address the complexity of 21st century life challenges (Smit, 2016; Szabo et 
al., 2020). In the primary education context, mathematics helps cultivate skills that are also 
applicable to other learning disciplines  (Chang et al., 2021; So et al., 2023). Therefore, early 
mathematics learning is believed to have a long-term impact on students’  educational and 
developmental qualities (Bodovski & Youn, 2011; Cerezci, 2020).

However, this belief is not reflected in actual conditions. International studies like Trends 
in International  Mathematics and Science Study (TIMSS) in 2015 report  that fourth-grade 
primary school students in Indonesia achieved an average mathematics score of 397—well 
below the international average of 500  (Mullis et al.,  2015). Consistent with these findings, 
Andrijati et al. (2020) reported that the mathematical reasoning ability of fourth-grade primary 
school students in Tegal City remains low to moderate, with 53% of students falling into the low 
category.  Studies in different countries like South Africa and Kuwait also support this issue, 
highlighting that primary school students’ achievement in mathematics is still relatively low 
(Al-Mutawa et al., 2021; Isdale et al., 2017). This condition reflects poor mastery in mathematical 
basic concepts. 

In addition to cognitive issues, students’ perception towards mathematics also emerges as 
one of the barriers to achieve the learning objectives (Howard & Whitaker, 2011). Students often 
perceive mathematics as a difficult subject (Akhter & Akhter, 2018; Amanatallah & Safa, 2023; 
Barnes & Raghubar, 2014) and suffer from mathematical anxiety. Mathematics anxiety can 
interfere with cognitive processes—specifically the use of working memory—when solving 
mathematical  problems  (Ashcraft,  2002).  This  anxiety  hinders  individuals  from  solving 
mathematical  problems in  various  situations,  both in  classroom contexts  and in  daily  life 
contexts (O’Leary et al., 2017). This non-cognitive factor has been reported to significantly lower 
students’ achievement because it causes lower self-confidence and problem-solving initiatives, 
and weakens their ability to draw connections among mathematical domains  (Blazer, 2011; 
Zakaria & Nordin, 2008; Zhu et al., 2024). Consistent with these findings, Ramirez et al. (2018) 
summarize  evidence  indicating  that  mathematics  anxiety  is  linked to  lower  mathematical 
achievement, though this relationship may be bidirectional. Therefore, mathematics anxiety 
should be addressed as early as possible to mitigate its negative impact on students' learning 
development. This is particularly important in the primary education context where children 
are still in concrete thinking stage, need enjoyable learning experience, and are significantly 
influenced by their environment in order to develop self-confidence (Muthivhi, 2015).

Children at this age also tend to learn through interactive activities like games (Hsieh et 
al., 2015; Kim et al., 2017) and can understand a concept better when presented in the form of 
direct, interactive, and playful experiences (Fletcher et al., 2024). They also often have a high 
level of curiosity and a need for positive affirmation. In addition, children's inclination toward 
competition  and  collaboration  makes  games  effective  means  for  improving  their  learning 
engagement  (Evans et al., 2023). A learning approach that integrates play elements may be 
aligned with the characteristics of children at the primary education level. Such an approach 
also  has  the  potential  for  reducing  anxiety  while  developing  intrinsic  motivation to  learn 
mathematics (Divjak & Tomić, 2011; Fadda et al., 2022; Partovi & Razavi, 2019). 

Gamification is among various innovative pedagogical approaches to address children's 
characteristics.  It  integrates  gaming  elements  like  points,  levels,  challenges,  rewards,  and 
narratives into non-gaming contexts, including mathematics learning  (Deterding et al., 2011; 
Ružic & Dumancic,  2015;  Yadav & Yadav,  2024).  Gamification has been proven to improve 
cognitive outcomes,  motivation,  and engagement,  in addition to a more enjoyable learning 
experience perceived by students (Alsawaier, 2018; Hamari et al., 2014; Koivisto & Hamari, 2019; 

26



Surya, A., Salimi, M., Hidayah, R., Wahyudi, A. B. E., & Wahyono

Sailer & Homner, 2020). It has also been reported to develop the socio affective aspects relevant 
to the 21st-century learning (Figueroa-Flores, 2016). 

Several previous studies have conducted systematic reviews on gamification and digital 
games in mathematics education.  Vrcelj et al. (2023) reviewed gamification in primary and 
secondary education across various subjects;  however,  they did not specifically address its 
characteristics and impact within the context of primary school mathematics. Yan and Matore 
(2023) mapped research trends in gamification within mathematics education—along with its 
effects on affective, cognitive, and psychomotor aspects—but their scope was not limited to the 
primary  school  setting.  Fadda  et  al.  (2022) provided  quantitative  evidence  regarding  the 
influence of digital games on the mathematics motivation of K–12 students, though their work 
was not intended to synthesize a broad range of mathematics learning outcomes.  Dan et al. 
(2024) focused on digital game-based learning in primary school mathematics, mapping out 
mathematical topics, methodologies, research findings, as well as the types and modes of games 
used.  Meanwhile,  Jutin  and  Maat  (2024) examined  the  effectiveness  of  gamification  in 
mathematics learning, reporting its potential benefits for engagement, motivation, retention, 
academic performance, social and cognitive skills, and mathematics anxiety. 

Although several previous systematic reviews have examined gamification and game-
based  learning  in  mathematics,  this  review offers  a  more  focused  analysis  specifically  on 
mathematics education in primary schools. The contribution of this review lies in three aspects. 
First,  it  focuses  specifically  on  primary  school  students.  Second,  it  maps  the  gamification 
elements and strategies employed and examines their connections to cognitive and affective 
dimensions. Third, it encompasses empirical research published during the 2016–2026 period. 
By integrating these three aspects,  this  review provides a targeted synthesis  regarding the 
application of gamification and its impact on mathematics learning outcomes at the primary 
school  level.  Thus,  this  review  contributes  through  its  specific  focus  on  primary  school 
mathematics education, the mapping of gamification elements and strategies, and an analysis of 
their links to cognitive and affective dimensions over the 2016–2026 period. To clarify the scope 
of  the  study,  this  review  is  guided  by  the  following  three  research  questions:  1)  What 
gamification elements and platforms are used in mathematics education in primary schools? 2) 
How does the application of gamification in mathematics education affect the mathematics 
learning outcomes of primary school students compared to instruction without gamification or 
alternative pedagogical approaches (where a comparison group is available)? 3) How does the 
application of  gamification in mathematics  education relate  to  the affective dimensions of 
primary school  students—specifically their  motivation,  engagement,  interest,  and attitudes 
toward mathematics?

METHODS

Research Design

The method used in this study was a systematic literature review (SLR). A systematic literature 
review is a method for synthesizing scientific evidence in a comprehensive and structured 
manner,  aimed at answering specific research questions through transparent,  explicit,  and 
replicable procedures  (Lame, 2019). This study employs a systematic literature review (SLR) 
method  to  examine  empirical  research  on  the  application  of  gamification  in  mathematics 
instruction within primary schools. A review protocol was developed, outlining the criteria for 
article selection, search strategies, data extraction, and data analysis procedures; however, this 
systematic review protocol was not formally registered.

Information Sources and Search Strategies 

The literature search was conducted using three information sources: Scopus, Web of Science, 
and national scholarly journals accredited by the Science and Technology Index (SINTA) in 
Indonesia. Scopus and Web of Science were used to identify international scholarly publications, 
while  SINTA-accredited  journals  were  used  to  capture  research  published  in  Indonesian 
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national journals. Utilizing these three sources ensures comprehensive coverage of relevant 
research on the application of gamification in mathematics education at the primary school 
level.

The  search  strategy  was  developed  using  a  combination  of  keywords  related  to 
gamification, primary education, and mathematics learning. The keywords employed included 
"gamification,"  "primary  school,"  "elementary  school,"  "primary  education,"  "mathematics 
learning," and "mathematics education." These keywords were combined using the Boolean 
operators AND and OR to identify publications aligned with the research focus. For the search 
within  SINTA-accredited  national  journals,  Indonesian-language  keywords—such  as 
gamifikasi  (gamification),  matematika  sekolah  dasar  (primary  school  mathematics),  and 
pembelajaran  matematika  (mathematics  learning)—were  also  used  to  capture  relevant 
publications.

The search was limited to publications from the years 2016–2026, in accordance with the 
established eligibility criteria for the articles. The search strategy, applied limitations, and the 
final search date (October 20, 2026) were recorded for each information source to ensure the 
search process  remains traceable and replicable.  The identified articles  were subsequently 
screened based on the inclusion and exclusion criteria established for this study.

Eligibility Criteria 

The inclusion and exclusion criteria in this study were established to maintain consistency, 
transparency, and validity in the literature selection process so that the synthesis results could 
be  scientifically  justified  (Christou  et  al.,  2025).  The  inclusion  and  exclusion  criteria  are 
presented in Table 1. 
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Study Selection 

The eligibility assessment of the articles was conducted by two researchers (A.S. and M.S.), who 
independently  reviewed  the  titles  and  abstracts  based  on  pre-established  inclusion  and 
exclusion criteria. Articles that potentially met the criteria were then subjected to a full-text 
review  to  determine  their  suitability  for  inclusion  in  the  study.  Any  discrepancies  in  the 
assessments were resolved through consensus, with the involvement of other researchers (R.H., 
A.B.E.W., and W.).
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TABLE 1. Eligibility criteria

Aspect
Inclusion criteria Exclusion criteria

Research 
focus

Empirical research that explicitly 
examines the implementation of 
gamification in mathematics education 
at the primary school level

Research that does not address 
mathematics education or does 
not examine the implementation 
of gamification.

Definition of 
gamification

Research that incorporates game 
elements—such as points, badges, 
leaderboards, levels, challenges, or 
game-based feedback—into a non-
game mathematics learning context.

Research that solely utilizes 
games as a teaching method 
(game-based learning) or 
employs "serious games" without 
integrating specific gamification 
elements into the learning 
activities

Educational 
level

Research involving primary school 
students (typically grades 1–6, or 
approximately 6–12 years of age).

Research involving only early 
childhood, secondary, or higher 
education students.

Special 
educational 
needs

Research conducted in regular schools, 
as well as in settings or classrooms for 
students with special educational 
needs or exceptional abilities, provided 
the context is primary school 
mathematics education and other 
criteria are met.

Research unrelated to primary 
school mathematics education.

Research 
design

Empirical research utilizing 
quantitative, qualitative, or mixed-
methods designs that report on the 
implementation or evaluation of 
gamification.

Systematic literature reviews, 
scoping reviews, meta-analyses, 
editorials, opinion pieces, or 
other non-empirical publications.

Outcomes 
examined

Research that reports on the outcomes 
of gamification, such as mathematics 
learning achievement, conceptual 
understanding, problem-solving, 
motivation, engagement, attitudes, or 
students' social aspects.

Research that does not report 
outcomes related to mathematics 
learning or student responses to 
the implementation of 
gamification.

Publication 
type

Research articles published in 
academic journals or conference 
proceedings, available in full-text 
format.

Non-academic publications, 
duplicate articles, and articles for 
which the full text is unavailable.

Publication 
language

Articles published in English. Articles published in languages 
other than English.

Publication 
year range

Articles published during the 2016–
2026 period, in accordance with the 
search timeframe established for the 
study.

Articles published before 2016 or 
after the 2026 search cutoff date.
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Data Extraction and Quality Assessment

Data extraction and quality assessment of the articles were conducted independently by three 
researchers. Information obtained from each study was recorded and compiled into an evidence 
table to facilitate the organization and analysis of the research findings. Data collection from the 
primary studies involved all five authors of the article—A.S., M.S., R.H., A.B.E.W., and W. Any 
discrepancies in the extraction results or assessments were resolved through discussion to reach 
a consensus among the reviewers.

Data Collection Process

The selection and data collection process in this  study is  reported in accordance with the 
Preferred  Reporting  Items  for  Systematic  Reviews  and  Meta-Analyses  (PRISMA)  2020 
guidelines (Page et al., 2021). This process includes the identification of articles, removal of 
duplicates, screening of articles, assessment of full-text eligibility, and determination of the 
studies to be included in the review.

In the identification phase, articles were searched for via Scopus, Web of Science, and 
national journals accredited by SINTA, following established information sources and search 
strategies. Any articles identified through reference searching or other methods were recorded 
separately. All identified records were then examined to detect and remove duplicates before the 
screening process began.

During the screening phase, the titles and abstracts of the articles were reviewed for their 
relevance to the research focus: the application of gamification in mathematics education at the 
primary school  level.  Irrelevant articles  were excluded from the selection process.  For the 
remaining articles, the full texts were retrieved and assessed for eligibility based on predefined 
inclusion and exclusion criteria—specifically, a focus on mathematics education, the primary 
school level, the presence of gamification elements, the use of empirical research methods, and 
the reporting of learning outcomes. Articles that did not meet these criteria were excluded, with 
the reasons for their exclusion documented.

Articles that met all eligibility criteria were then included in the synthesis. Information 
from each included article was extracted based on study characteristics, gamification elements, 
mathematics learning outcomes, and findings relevant to the research questions. The number of 
records  identified,  removed,  screened,  assessed  for  eligibility,  and  ultimately  included  is 
documented in the PRISMA 2020 flow diagram, as presented in Figure 1.
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RESULTS

Based on the review process, 11 articles were identified that discussed the use of gamification in 
mathematics  learning.  These  articles  examined  the  elements,  activities,  and  impacts  of 
gamification in elementary mathematics education.  A summary of  the reviewed articles is 
presented in Table 2. 
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TABLE 2. Characteristics and main findings of the included studies

No. Study and 
country

Research design Participants Mathematical 
content

Gamification elements 
and platform

Duration Comparison 
condition

Outcome measures Main findings

1 Guro & Corpuz 
(2025)
Philippines

Quasi-experimental 
(non-equivalent 
control and 
experimental 
groups, pretest–
posttest)

80 Grade 5 students 
at Mulondo Central 
Elementary School 
(40 control, 40 
experimental)

Grade 5 first-
quarter 
mathematics 
curriculum

Elements: points, 
levels/progress bars, 
badges, leaderboards, 
rewards, team challenges
Platform: game-based 
activities adapted from 
DepEd K to 12 Self-Learning 
Modules and a Minecraft 
Education Edition context

1 school year 
(2023–2024)

Control: traditional 
instruction
Experimental: 
gamification strategy

40-item mathematics 
pretest and posttest; 
student attitude 
survey questionnaire

Pretest: equivalent baseline skills (p = 
0.112).
Attitude: strongly positive (M > 3.50).
Posttest: control (M = 13.68) 
outperformed experimental (M = 12.10), p 
< 0.001.

2 Phuntsho & 
Dorji (2025)
Bhutan

One-group pretest–
posttest design

32 Grade 5 students 
(18 boys, 14 girls) at 
Phuensum Primary 
School, Samtse

Fractions, 
multiplication, 
and geometry

Elements: points, levels, 
challenges, small-group 
dynamics, 
competitive/interactive 
tasks
Platform: digital

7 weeks No control group; pre- 
vs. post-intervention 
comparison

Mathematics 
Achievement Test (20 
multiple-choice and 
10-mark extended 
items); 15-item 
Student Engagement 
Scale (behavioral, 
emotional, cognitive)

Achievement: posttest (M = 62.3) > 
pretest (M = 48.7), t(31) = 19.23, p < 0.001, 
d = 3.36.
Engagement: total score rose from 51.84 
to 68.54, with gains in all three domains.

3 Turkmen & 
Soybas (2019)
Turkey

Mixed methods 
(quasi-
experimental 
pretest–posttest 
control group with 
observations and 
interviews)

50 Grade 5 students 
in Nigde (28 
experimental, 22 
control)

Fractions Elements: points, scoring 
systems, direct feedback, 
competition, rules, game 
scenarios
Platform: Educational 
Informatics Network (EBA) 
digital games and 
applications

14 weeks (28 
lesson hours; 
2 
lessons/week
)

Control: curriculum 
instruction without 
digital games
Experimental: 
gamified learning 
with EBA games

20-item Mathematics 
Academic 
Achievement Test; 
Mathematics Attitude 
Scale; observations 
and unstructured 
interviews

Achievement: experimental 10.14 → 
13.39; control 10.59 → 13.27; no significant 
between-group difference (p = 0.922).
Attitude: significant within-group gain in 
the experimental group (2.91 → 3.08, p = 
0.015); no significant between-group 
difference (p = 0.328).
Qualitative: peer collaboration, lower 
anxiety, more enjoyment and 
participation.

4 Karamert & 
Vardar (2021)
Turkey

Quasi-experimental 46 Grade 5 students 
(23 experimental, 23 
control)

Fractions (Grade 
5 curriculum)

Elements: pyramidal 
design model (avatars, 
badges, progress map, 
collections, content 
unlocking, levels, points, 
quests, teams)
Platform: physical, non-
digital materials

6 weeks (5 
hours/week; 
30 hours)

Control: non-
gamified instruction 
based on the national 
curriculum
Experimental: 
instruction with 
physical gamification 
elements

24-item multiple-
choice achievement 
test on fractions; 21-
item 4-point Attitude 
Scale towards 
Mathematics

Achievement: experimental 27.89 → 
60.14; control 27.17 → 47.10; significant 
difference favoring the experimental 
group (U = 143.00, p = 0.007).
Attitude: no significant between-group 
difference (U = 243.50, p = 0.644) or 
within-group change (p = 0.843).

5 Laksana et al. 
(2024)
Indonesia

Quasi-experimental 108 students at a 
Muhammadiyah 
elementary school in 
Ponorogo (55 
experimental, 53 
control)

Mathematical 
problem solving

Elements: rewards, levels, 
challenges, 
open-world/exploratory 
mechanics, social 
cooperation
Platform: application-
based digital gamification

During 
regular 
mathematics 
lessons

Control: conventional 
teaching without 
digital gamification
Experimental: 
mathematics learning 
with digital 
gamification

Problem-solving test; 
Metacognitive 
Awareness Inventory 
(MAI)

Gamification effect: significant, favoring 
digital gamification (F = 5.231, p = 0.024).
Metacognition effect: significant (F = 
47.963, p < 0.001).
Interaction: significant (F = 7.649, p = 
0.001).

(continued on next page)
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TABLE 2. (Continued)

No. Study and 
country

Research design Participants Mathematical 
content

Gamification elements 
and platform

Duration Comparison 
condition

Outcome measures Main findings

6 Rahayu et al. 
(2026)
Indonesia

One-group pretest–
posttest (quasi-
experimental)

28 Grade 2 students 
in Malang City

Addition and 
subtraction of 
whole numbers

Elements: scores, levels, 
interactive quiz challenges, 
inter-group competition, 
star-sticker rewards
Platform: digital media 
built with Genially and 
Educaplay

3 stages 
(pretest, 
gamified 
treatment, 
posttest)

No control group; pre- 
vs. post-intervention 
comparison within 
the Team Games 
Tournament model

20-item learning 
interest questionnaire 
(4-point Likert: 
enjoyment, 
involvement, interest, 
attention)

Interest: posttest (M = 77.46) > pretest 
(M = 56.86); Wilcoxon Z = −4.624, p < 
0.001; all 28 students improved.

7 Jagust et al. 
(2018)
Croatia

Within-subjects 
repeated-measures 
quasi-experiment 
with focus group 
interviews

54 students (27 
female, 27 male) in 
two Grade 2 classes 
and one Grade 3 
class

Addition/
subtraction 0–
100; 
multiplication/d
ivision by 2, 3, 4, 
5; multiplication 
by 0

Elements: leaderboard, 
points, narrative 
(computer-virus scenario), 
time-adaptive algorithm, 
group score aggregation
Platform: custom “Math 
Widget” mobile platform on 
tablets

4 sessions of 
15 minutes 
(November 
2016–April 
2017)

Four conditions: non-
gamified, competitive, 
adaptive, 
collaborative

In-app logs 
(completion rate, 
time, correct and 
incorrect attempts); 
focus groups (15 
students)

Performance trend: gamified conditions 
sustained or increased performance, 
whereas non-gamified showed a decline 
(p = 0.002).
Adaptive: highest gain, outperforming 
non-gamified (p < 0.05), but most 
incorrect attempts (22%, p = 0.028).

8 Lee & Lai (2024)
Taiwan

Two-stage 
sequential quasi-
experiment (CCA 
baseline → GCA 
treatment vs. 
continuous CCA) 
with lag sequential 
analysis and 
interviews

52 Grade 5 students 
(26 experimental, 26 
control)

Equivalent 
fractions; 
addition and 
subtraction of 
fractions with 
unlike 
denominators

Elements: virtual monster 
roles, real-time points, 
rubrics for group/personal 
encouragement, reminders
Platform: collaborative 
argumentation platform 
(ClassDojo module, tablets)

4 weeks (2 
weeks/560 
min CCA; 2 
weeks/560 
min GCA)

Control: conventional 
collaborative 
argumentation (CCA) 
for 4 weeks
Experimental: CCA 
then gamified 
collaborative 
argumentation (GCA)

100-point 
achievement test; 
intrinsic/extrinsic 
motivation scale (6 
items); tendency to 
collaborate (5 items); 
coding of 
argumentation 
behaviors; interviews

Achievement: GCA > CCA (F = 5.71, p < 
0.05).
Motivation: intrinsic (F = 20.55, p < 
0.001) and extrinsic (F = 8.97, p = 0.004) 
higher.
Collaboration: higher in GCA (F = 49.01, p 
< 0.001).

9 Widodo & 
Rahayu (2019)
Indonesia

Mixed methods 
(quasi-
experimental 
pretest–posttest 
control group with 
interviews and 
observations)

Grade 3 students in 
Purwakarta, West 
Java, across public, 
private, and 
religious-based 
schools

Multiplication, 
addition, and 
subtraction

Elements: game rules, dice 
(6-, 8-, 10-, 20-sided), 
honeycomb map, cards, 
point-based competition, 
win conditions, 
referee/peer roles
Platform: paper-based 
board games (“Beemmath” 
and “Kurtacil”)

3 treatment 
sessions

Experimental: 
instruction with 
arithmetic games 
during exercises
Control: direct 
instruction without 
gamified exercises

Multiplication 
achievement test 
(max. 15); N-gain; 
mastery (score ≥ 
70%)

Mastery: students reaching mastery rose 
from 28 to 53.
N-gain: moderate in public (0.51) and 
private (0.47) classes; low in the religious-
based class (0.16) owing to high baseline 
scores.
Engagement: positive perceptions; all 
students reported better understanding.

10 Rahim et al. 
(2024)
Pakistan

Quantitative 
descriptive survey

27 Grade 5 students 
in Gorikote, Astore 
District

Primary school 
mathematics 
(general)

Elements: points, 
leaderboards, competition, 
interactive quizzes, 
immediate feedback
Platform: Kahoot (digital)

Not reported 
(students 
with prior 
Kahoot 
experience)

No control or 
comparison group

22-item 5-point Likert 
perception 
questionnaire (CVI = 
1; Cronbach's  > α
0.70)

96.3% found Kahoot enjoyable and helpful 
for mathematical skills; 92.6% responded 
positively to its immediate feedback and 
interactivity.

11 Sucipto et al. 
(2026)
Indonesia

Quasi-experimental 
non-equivalent 
control group with 
pretest–posttest

93 Grade 5 students 
(47 gamification, 46 
traditional)

Integers, 
fractions, 
decimals, 
measurement, 
perimeter, and 
area

Elements: points, badges, 
levels, stories, progress 
boards, tiered challenges, 
immediate feedback
Platform: non-digital/low-
tech

4–6 sessions 
of 70–90 
minutes

Control: traditional 
teaching
Experimental: low-
tech gamification

Achievement test; N-
gain; Hedges' g; 
mastery; observation 
of engagement

Achievement: adjusted mean 79.2 vs. 
72.7, F(1, 89) = 11.0, p = 0.0012.
N-gain: 0.53 vs. 0.37; mastery 83% vs. 
63%.
Engagement: 78.6% vs. 68.1%.
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DISCUSSION

Gamification Elements and Platforms in Mathematics Learning in Elementary Schools

A  systematic  review  indicates  that  the  implementation  of  gamification  in  mathematics 
education at the primary school level incorporates a variety of game elements, including points, 
levels,  badges,  leaderboards,  rewards,  challenges,  immediate  feedback,  narratives,  and 
collaborative  activities.  These  elements  serve  distinct  functions—ranging  from  tracking 
learning  progress  and  providing  reinforcement  to  presenting  challenges  and  facilitating 
interaction among students. Jagust et al. (2018), for instance, integrated points, leaderboards, 
narratives, aggregated group scores, and adaptive algorithms into the "Math Widget" platform. 
Their research findings demonstrate that an adaptive gamified environment leads to better 
mathematical performance compared to a non-gamified one. Meanwhile,  Lee and Lai (2024) 
incorporated game roles, points, positive reinforcement, and rubrics into collaborative learning 
to foster mathematical argumentation in the context of fractions. These findings suggest that 
gamification elements can be embedded within instructional designs that go beyond mere task 
completion, creating space for interaction and the development of mathematical thinking. 

Theoretically, gamification elements can be understood as design components that shape 
the learning experience through goals, challenges, feedback, and social interaction.  Grabner-
Hagen and Kingsley (2023) explain that gamification elements can be leveraged to support 
intrinsic  motivation,  social  engagement,  and  students'  perceptions  of  achievement.  The 
effectiveness of gamification highly depends on the harmony between these elements and the 
learning  context.  Clear  narratives  and  personalized  feedback  can  help  foster  cognitive 
engagement, while the combination of meaningful rewards and social interaction has been 
shown to increase students' motivation without creating an overly competitive atmosphere 
(Smiderle et al., 2020).

In addition to the variety of elements,  the review indicates that gamification can be 
implemented through both digital  and non-digital  platforms.  Digital  platforms are used to 
provide interactive quizzes, score tracking, immediate feedback, and monitoring of learning 
progress.  Phuntsho  and  Dorji  (2025) implemented  digital  gamification  through  activities 
involving points, levels, challenges, and group interactions, while Rahayu et al. (2026) utilized 
Genially and Educaplay to integrate scores, levels, interactive quizzes, competition, and rewards 
into the learning of  addition and subtraction operations.  Turkmen and Soybas (2019) also 
employed digital games and applications for teaching fractions. These research findings suggest 
that the use of digital platforms incorporating gamification elements contributes to improved 
scores among elementary school students in mathematics, although some studies indicate that 
no significant impact has yet been observed. This aligns with literature reviews reporting that 
gamification—when integrated into e-learning systems through the inclusion of gamification 
elements—can influence both the learning process and learning outcomes (Saleem et al., 2022). 

Conversely,  non-digital  gamification  utilizes  physical  media  and  simple  materials  to 
construct game-based learning experiences.  Karamert and Vardar (2021) employed physical 
game materials for teaching fractions, while Widodo and Rahayu (2019) developed arithmetic 
games based on dice, cards, and game boards. Sucipto et al. (2026) also implemented low-tech 
gamification by combining elements such as points, badges, progress boards, narratives, tiered 
challenges,  and  immediate  feedback.  A  synthesis  of  the  findings  further  indicates  an 
improvement  in  student  scores  through the  application  of  non-digital  gamification.  These 
results align with previous research, which suggests that non-digital gamification can have a 
positive  impact  on  the  outcomes  and  performance  of  elementary  school  students  in 
mathematics learning (Russo et al., 2024; Setambah et al., 2024). 

 This variation demonstrates that gamification elements are not dependent on the use of 
digital applications; rather, they can be implemented through physical media designed with 
clear rules, objectives, and game mechanics. The primary distinction between the two platforms 
lies in the means of implementation and the nature of the interactions they facilitate. Digital 
platforms can automate score tracking and the provision of  feedback,  whereas non-digital 
games allow teachers to manage rules, challenges, and interactions directly through tangible 

34



Surya, A., Salimi, M., Hidayah, R., Wahyudi, A. B. E., & Wahyono

materials.  Consequently,  both  approaches  serve  as  viable  alternatives  for  mathematics 
instruction, depending on the specific learning objectives, subject matter, and the context in 
which the instruction takes place.

The Influence of Gamification on the Mathematical Cognitive Ability Dimensions of 
Elementary School Students 

A systematic  review indicates  that  gamification has  the  potential  to  support  mathematics 
learning outcomes for elementary school students within the cognitive domain; however, its 
impact  must  be examined by taking several  components into account.  Some studies  show 
significant advantages in learning outcomes, while others report score improvements that do 
not differ significantly from those of control groups. This pattern suggests that the effectiveness 
of gamification cannot be assessed solely based on score increases following an intervention; 
rather,  it  requires  consideration  of  intergroup  comparisons,  the  characteristics  of  the 
instructional design, the nature of the intervention, and the specific type of mathematical ability 
being measured.

Evidence supporting the effectiveness of gamification can be seen in studies that report 
significant differences between gamified groups and comparison groups. Karamert and Vardar 
(2021) found a significant difference in mathematics achievement (p=0.007). Lee and Lai (2024) 
reported  superior  learning  outcomes  in  gamification-based  collaborative  learning  (F=5.71, 
p<0.05),  while  Laksana et al.  (2024) found a significant impact on mathematical problem-
solving skills (F=5.231, p=0.024). A similar pattern was observed by Sucipto et al. (2026), who 
reported adjusted mean learning outcomes of 79.2 for the gamified group and 72.7 for the 
traditional learning group (F(1,89)=11.0, p=0.0012). The N-gain score for the gamified group was 
also higher than that of the control group, at 0.53 and 0.37, respectively. Overall, these research 
findings indicate that gamification can support mathematics achievement. 

Beyond test results, gamification also has the potential to support the development of 
mathematical performance throughout the learning process. Jagust et al.  (2018) found that 
gamified activities can maintain or improve mathematical performance over time, whereas non-
gamified activities showed a declining trend (p=0.002). Adaptive conditions outperformed non-
gamified conditions (p<0.05). Meanwhile, Widodo and Rahayu (2019) reported an increase in 
the number of students reaching mastery—from 28 to 53—through the use of dice- and card-
based arithmetic games. These findings regarding the effectiveness of gamification align with 
research by Agustin et al. (2025), which indicates that the implementation of gamification can 
positively  influence  mathematical  achievement,  including  by  enhancing  conceptual 
understanding and learning outcomes among elementary school students. Furthermore, a study 
by  Pires et al.  (2019) also highlights the potential  of  gamification to improve mathematics 
learning  outcomes  through  activities  that  foster  reasoning  and  problem-solving  skills. 
Theoretically, the "Theory of Gamified Learning" posits that gamification can influence learning 
outcomes by driving changes in behavior and relevant learning processes (Landers, 2014). 

However, these positive results are not universal. Turkmen and Soybas (2019) found no 
significant difference in learning outcomes between the experimental and control groups in the 
post-test (p=0.922), even though both groups showed an increase in scores. Guro and Corpuz 
(2025) reported that the implementation of gamification did not have a significant effect on 
mathematics performance (F = 1.605, p = 0.112). Phuntsho and Dorji (2025) also reported an 
increase  in  the  mean  learning  outcome  from  48.7  to  62.3  (t(31)=19.23,  p<0.001,  d=3.36). 
Nevertheless, that study employed a single-group design without a control group; therefore, the 
improvement observed following the intervention cannot be definitively attributed solely to 
gamification. This varied pattern aligns with a systematic review by Tonioka et al. (2025) which 
reported that 86.7% of the 15 studies examined showed positive results, while 13.3% did not 
demonstrate effectiveness. These findings reinforce the notion that the potential effectiveness of 
gamification  in  mathematics  education  may  depend  on  various  components  to  achieve 
academic success.

The effectiveness of gamification in mathematics education can be influenced by game 
design, the alignment of gamification elements with learning objectives, student characteristics, 
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the learning environment, the teacher, and the duration of the intervention. Zeng et al. (2024) 
examined factors such as geographical region, educational level, learning environment, field of 
study, and game elements in relation to academic achievement. Diaz et al. (2024) also analyzed 
region,  educational  level,  field  of  study,  learning  modality,  and  the  specific  gamification 
application used as moderating variables. Meanwhile, Vazquez-Cano et al. (2023) emphasized 
the importance of aligning gamification applications with the curriculum, feedback, assessment, 
and accessibility, as well as maintaining a balance between the level of challenge and students' 
abilities (Leiss et al., 2025). Furthermore, teachers' perceptions and their capacity to implement 
gamification  can  also  influence  its  application  and  overall  success  in  the  classroom. 
Consequently,  the  varied  outcomes  of  gamification  in  mathematics  education  should  be 
examined by considering both the game design and the context of its implementation, rather 
than focusing solely on the presence of game elements.

The Influence of Gamification on the Affective Dimension of Mathematics Learning 
among Elementary School Students

Beyond  academic  achievement,  gamification  is  used  to  support  engagement,  motivation, 
interest, and attitudes toward learning mathematics. Findings in this area generally indicate 
that gamification can serve as a means to make learning activities more interactive. Regarding 
attitudes,  Guro and Corpuz (2025) reported that  elementary school  students  held a  highly 
positive attitude toward mathematics, with a score greater than 3.50—falling into the "highly 
positive" category. Turkmen and Soybas (2019) found a significant improvement in attitudes 
within an experimental group (p = 0.015); however, the difference between the experimental 
and control groups was not statistically significant (p = 0.328). Theoretically, shifts in attitude 
can be explained by the mechanisms of gamification that shape a student's learning experience. 
Gamification incorporates various game-design elements that can influence user experience and 
responses (Robson et al., 2015). In the context of mathematics education, clear goals, immediate 
feedback, challenges, and reinforcement for success can help students feel more capable and 
comfortable while learning (Sinay & Nahornick, 2016). Such positive experiences may foster a 
more favorable attitude toward mathematics.  Nevertheless,  the results  from Turkmen and 
Soybas (2019) suggest that improvements in attitude within an experimental group do not 
necessarily translate into a significant difference when compared to a control group. Similarly, 
Karamert and Vardar (2021) found no significant difference in attitudes between groups (p = 
0.644). These inconsistencies may stem from variations in students' initial conditions or the 
specific  design of  the  gamification implementation;  however,  these  factors  require  further 
investigation before they can be definitively identified as the underlying causes. In summary, 
while  gamification  has  the  potential  to  cultivate  a  positive  attitude  toward  learning 
mathematics, evidence that it consistently produces better attitudes compared to conventional 
instruction remains limited.

A positive trend is evident in research measuring student engagement. Phuntsho and 
Dorji  (2025)  reported  an  increase  in  engagement  scores  from  51.84  to  68.54  following  an 
intervention. Sucipto et al. (2026) found task engagement to be 78.6% in the gamified group, 
compared  to  68.1%  in  the  traditional  learning  group,  and  identified  a  positive  predictive 
relationship between engagement and post-test results (p=0.004). These findings align with 
research suggesting that gamification can enhance student engagement in learning (Qiao et al., 
2023; Solekhah et al., 2023; Taşkın & Çakmak, 2023). 

Lee and Lai (2024) also reported significant differences in intrinsic motivation (F=20.55, 
p<0.001) and extrinsic motivation (F=8.97, p=0.004). Taken together, these findings suggest that 
gamification can support participation and the learning experience, particularly when game-
based activities are integrated with mathematical interactions and tasks. These findings align 
with  research  indicating  that  gamification  can  enhance  both  the  extrinsic  and  intrinsic 
motivation  of  students  (Bovermann  &  Bastiaens,  2020;  Buckley  &  Doyle,  2016;  Faiella  & 
Ricciardi, 2015). 

Regarding interest and perception, Rahayu et al. (2026) reported an increase in interest in 
learning mathematics, with the mean score rising from 56.86 to 77.46 (Z = -4.624, p < 0.001). 
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Meanwhile,  Rahim et al. (2024) found that 96.3% of respondents provided positive feedback 
concerning the enjoyment and utility of Kahoot, while 92.6% responded positively regarding its 
feedback mechanisms and interactivity.  Theoretically,  the  concept  of  "situational  interest" 
posits  that  engaging  characteristics  within  a  learning  environment  can  trigger  students' 
attention and interest toward the activities in which they are participating  (Durmus, 2016; 
Magen-Nagar & Steinberger, 2017). 

This synthesis highlights a distinction between the learning experience and academic 
achievement. While gamification can make activities more engaging, encourage participation, or 
boost  motivation,  such  responses  do  not  automatically  translate  into  superior  learning 
outcomes  (Alt,  2023).  Conversely,  mathematics  achievement  may  improve  without  any 
significant shift in attitudes. Therefore, engagement, motivation, interest, attitudes, perceptions, 
and learning outcomes should be  treated as  distinct  dimensions.  Consequently,  evaluating 
gamification  requires  measuring  these  various  outcomes  separately  and  examining  the 
relationships between them, if one wishes to explain how the learning experience relates to 
mathematics achievement.

CONCLUSION

The results of a systematic literature review indicate that gamification has the potential to 
support  mathematics  learning among elementary school  students,  particularly in terms of 
achieving  learning  outcomes  and  developing  mathematical  cognitive  abilities,  such  as 
conceptual understanding and problem-solving. Several studies have reported better learning 
outcomes in groups that implemented gamification compared to comparison groups. However, 
other studies have found no significant difference between the two groups. Consequently, the 
available findings are insufficient to conclude that gamification is consistently more effective 
than other approaches to learning.

Varied  research  findings  indicate  that  the  implementation  of  gamification  requires 
careful  consideration  of  how  game  elements  align  with  mathematics  learning  objectives, 
student characteristics, the design of the intervention, and the specific context in which it is 
applied. While elements such as points, badges, levels, challenges, feedback, and collaborative 
activities can be incorporated into instructional design, their presence alone does not guarantee 
improved learning outcomes. Furthermore, evidence regarding affective aspects—specifically 
mathematics anxiety—remains limited; therefore, no definitive conclusion can yet be drawn as 
to whether gamification is effective in reducing such anxiety.

The findings of this review should be interpreted with consideration for the limitations of 
the evidence, including the relatively small sample sizes in several studies, the diversity of 
research  designs  and  interventions,  and  the  absence  of  a  systematic  assessment  of 
methodological  quality.  Furthermore,  the  limited  scope  of  information  sources  and  the 
restriction of publications to the English language may mean that not all relevant research has 
been identified. Consequently, the results of this review are best understood as an overview of 
the potential and varied applications of gamification in primary school mathematics education, 
rather than as evidence that gamification invariably yields positive outcomes.

Future research should employ more robust experimental or quasi-experimental designs, 
utilize adequate sample sizes, and transparently report effect sizes as well as outcomes for 
comparison groups. Subsequent studies should also broaden their focus to include learning 
outcomes  within  the  psychomotor  domain.  Longitudinal  research  is  further  required  to 
determine the sustainability of the impact of gamification on learning outcomes. Additionally, 
studies comparing various gamification elements, platforms, and durations could help identify 
implementation conditions better suited to the characteristics of students and the objectives of 
mathematics education in primary schools.
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