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teams games Students’ low mathematical critical thinking skills, as shown by the 2022 PISA results
tournament; and studies, suggest that traditional teaching methods may inadequately develop
these abilities. This study examines the effectiveness of combining Kahoot technology
kahoot; with the Teams Games Tournament (TGT) cooperative model to enhance these skills.
Using a quasi-experimental pretest-posttest design, fifth-grade students in Madiun
mqt.“hema.ticc.ll City were divided into experimental and control groups. Data were analyzed via
;ZZ;GI i General Linear Models (GLM) and MANOVA. Results indicate a significant difference
! between groups (p=0.011), with the intervention explaining 17.4% of variance in
mathematics improvement (Partial Eta Squared=0.174). This study provides novel evidence that a
learning Kahoot-based TGT model effectively improves mathematical critical thinking in
elementary students—an underexplored area in primary education.
INTRODUCTION

Background of the Study

Critical thinking skills rank among the most essential competencies in the era of globalization
and the Fourth Industrial Revolution The World Economic Forum (2022) designates critical thinking as
one of the top ten skills essential for future success. Recognizing its significance, education systems
worldwide—including Indonesia’s—have prioritized the development of these skills as a key
educational objective. Such competencies are indispensable for addressing contemporary challenges
and enhancing individual competitiveness across diverse fields. In the realm of mathematics
education, critical thinking transcends basic problem-solving; it encompasses the capacity to analyze,
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synthesize, and systematically interpret information (Facione, 2015). These competencies empower
students to engage in logical reasoning, identify patterns, construct coherent arguments, and develop
effective solutions to complex problems. Given their importance, the cultivation of critical thinking has
emerged as a central goal in mathematics curricula at both national and international levels (Syafril et
al., 2020).

One of the primary challenges in contemporary education is the persistent deficiency in
students’ mathematical critical thinking skills across various academic stages. This challenge is
primarily attributed to a continued reliance on traditional, unidirectional pedagogical strategies that
prove broadly ineffective. Research indicates that conventional methods, such as lecture-based
instruction, fail to adequately nurture critical thinking due to their limited provision for conceptual
exploration, inquiry, and independent problem analysis (Sari et al., 2023). Consequently, there is an
urgent imperative for innovative, student-centered learning strategies that effectively foster
engagement in mathematical critical thinking processes.

The 2022 Programme for International Student Assessment (PISA) reveals persistent challenges
in cultivating mathematical reasoning competencies globally, with only 9% of students worldwide
attaining advanced proficiency in mathematical thinking (OECD, 2023). In Indonesia, this issue is
exacerbated, as students consistently underperform relative to OECD benchmarks. These findings
expose significant shortcomings in current pedagogical frameworks and underscore the need for
substantial educational reforms. The rationale for adopting the Kahoot-based Teams Games
Tournament (TGT) model lies in its potential to address these gaps. TGT, an empirically validated
cooperative learning strategy, fosters collaborative problem-solving, while Kahoot—a gamified
interactive platform—enhances learner engagement and intrinsic motivation. Their integration offers
a promising alternative to conventional methods, which frequently overlook opportunities for
analytical and reflective thinking. This study thus investigates the efficacy of this combined approach
in advancing critical mathematical thinking skills within primary education, a crucial yet underexplored
domain.

Problem of The Study

Initial classroom observations and baseline assessments of critical thinking skills revealed
significant deficiencies in students' mathematical problem-solving abilities. Diagnostic data indicated
that most students exhibited limited capacity in three key areas: understanding the interconnected
nature of mathematical concepts, constructing structured arguments supported by logical reasoning,
and generating alternative problem-solving approaches. These limitations were consistently observed
across multiple assessments. The analysis of current teaching practices revealed a persistent reliance
on conventional instructional methods characterized by teacher-centered lectures and repetitive
procedural exercises. Such approaches proved ineffective in developing higher-order cognitive skills,
fostering a learning environment that prioritized memorization over conceptual understanding. This
traditional pedagogical paradigm resulted in several interconnected challenges, including over-
reliance on algorithmic procedures, limited classroom engagement, and underdeveloped
mathematical reasoning abilities.

More specifically, these traditional methods led to difficulties in constructing valid logical
arguments, recognizing conceptual relationships between mathematical ideas, and formulating
mathematical proofs. The identified challenges stem from four primary factors: conventional teaching
methods, limited student engagement, inadequate active learning opportunities, and insufficient
technology integration in mathematics instruction. Traditional pedagogical approaches that emphasize
rote memorization significantly impede students’ development of conceptual mathematical
understanding. In contrast, research demonstrates that student-centered learning strategies, inquiry-
based methods, and effective technology integration enhance mathematical thinking skills (Elvina,
2025).
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These educational shortcomings carry profound implications in the contemporary context,
where 21st-century competencies—particularly critical thinking, analytical reasoning, problem-
solving, and complex logical abilities—are indispensable. Such cognitive skills form the foundation for
success in an increasingly globalized and rapidly evolving world, where modern workforce demands
require graduates to possess both academic knowledge and the adaptive capacity to address
technology-driven, real-world challenges. The persistent deficiency in students' critical mathematical
thinking skills demands immediate attention. This challenge necessitates pedagogical approaches that
extend beyond mere academic performance to systematically cultivate higher-order cognitive abilities
through interactive, context-rich learning experiences. Innovative instructional models that stimulate
active participation, enhance motivation, and strengthen critical thinking capacities offer a promising
avenue for preparing students to meet contemporary global demands.

Research’s State of the Art

The Teams Games Tournament (TGT) cooperative learning model presents an effective
approach for enhancing engagement and critical thinking. According to Slavin (1980), as cited in
Rahmawati and Purwaningrum (2022), TGT combines collaborative teamwork with competitive
academic games, drawing on Vygotsky's social constructivist framework to underscore the cognitive
benefits of social interaction. When augmented with digital tools such as Kahoot, this method aligns
with Digital Game-Based Learning Theory (Prensky, 2001), which demonstrates that game dynamics
can effectively boost both motivation and intellectual growth. Kahoot’s interactive, gamified platform
elevates learning through competitive quizzes. Its game mechanics—such as scoring systems, rankings,
and timed challenges—create a vibrant classroom atmosphere that encourages active participation.
Additionally, its compatibility across various devices supports a range of learning contexts. By merging
technology with gamification, this modern educational strategy effectively boosts engagement while
making the learning process both dynamic and enjoyable. Extensive research has substantiated the
efficacy of the Teams Games Tournament (TGT) model in enhancing students' mathematical critical
thinking and academic performance. This cooperative learning approach integrates team
collaboration, academic competition, and game-based activities to foster an engaging environment
that deepens conceptual understanding through active discussion, problem-solving, and group
decision-making. Numerous studies confirm TGT’s positive effects on learning motivation, social
interaction, and higher-order thinking skills in mathematics education (Fauziyah & Anugraheni, 2020;
Fitriyani & Supriatna, 2020; Ningsyih et al., 2022; Palupi & Rahayu, 2021; Pratama et al., 2023; Quines,
2017; Samtari & Fakhriyana, 2024; Silva et al., 2019; Sukmawati & Purnamasari, 2016; Suseno et al.,
2023; Susilo et al.,, 2019; Veloo et al.,, 2016). Sutama et al. (2022) further demonstrate that
collaborative learning innovations enhance material comprehension through peer support while
concurrently developing essential 21st-century skills, particularly critical thinking.

Similarly, integrating technology in education yields significant benefits. Digital learning media
stimulate curiosity, enhance motivation, and improve the understanding of complex concepts while
maintaining student engagement (Hidayati et al., 2023). Gamification platforms such as Kahoot have
proven particularly effective in cultivating critical thinking skills (Amanda et al., 2024; Holiqi et al., 2022;
Maulidah et al., 2020; Mertayasa et al., 2022; Sari et al., 2023; Suryani et al., 2024; Triantafyllou et al.,
2024). Research consistently indicates that these tools enhance critical thinking both directly and
indirectly—through increased motivation that correlates with improved learning outcomes (Aibar-
Almazan et al., 2024; Angkotasan et al., 2019; Ares et al., 2018; Fokides, 2018; Harahap, 2023; Ismail
& Mohammad, 2017; Ismail et al., 2018; Kaya & Ercag, 2023; Liu et al., 2020; Licorish et al., 2018;
Mattawang & Syarif, 2023; Muzayanati et al., 2022; Petrusly et al., 2024; Plump & LaRosa, 2017;
Prasetiani & Sukirman, 2024; Wang & Tahir, 2020).
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Gap Study & Objective

Existing research has established the efficacy of the Teams Games Tournament (TGT) model in
enhancing learning outcomes and mathematical critical thinking (Fauziyah & Anugraheni, 2020;
Fitriyani & Supriatna, 2020; Ningsyih et al.,, 2022; Palupi & Rahayu, 2021). However, these
implementations have predominantly relied on conventional media, without fully integrating
gamification technologies. Conversely, while studies have confirmed Kahoot!'s effectiveness in
fostering engaging, competitive learning environments (Wang & Tahir, 2020; Licorish et al., 2018),
most investigations have focused on its motivational aspects rather than rigorously examining its
impact on mathematical critical thinking. Furthermore, some research (Silva et al., 2019; Pratama et
al.,, 2023) has measured only general cognitive outcomes, neglecting systematic critical thinking
indicators and prioritizing test score improvements over the development of cognitive processes.

The integration of TGT with gamification platforms such as Kahoot! in elementary mathematics
education remains insufficiently explored, despite its potential synergistic benefits for engagement
and critical reasoning (Quines, 2017; Suseno et al., 2023). While studies have demonstrated the
positive effects of cooperative learning on metacognition (Veloo et al., 2016; Susilo et al., 2019), they
have yet to investigate the role of gamification in enhancing critical thinking processes. Recent findings
Samtari and Fakhriyana, (2024) indicate that current innovative strategies combining competition and
collaboration still fall short in addressing the evaluative and reflective dimensions of critical thinking.
The proposed gamification-enhanced cooperative learning model draws on Vygotsky’s social
constructivist framework, which positions social interaction and cognitively demanding tasks as
catalysts for intellectual development. However, empirical validation of this relationship remains
scarce. To bridge this gap, this study introduces the Kahoot-Based Teams Games Tournament (KB-TGT)
model—a pedagogical innovation designed to foster mathematical critical thinking through active
collaboration, reflective reasoning, and gamified engagement, while simultaneously enhancing
motivation and participation.

This study advances existing scholarship through its novel integration of Kahoot's gamified
platform with the cooperative TGT framework, specifically structured to develop mathematical critical
thinking competencies. The investigation evaluatesd the model’s efficacy in addressing three
persistent challenges in primary mathematics education: (1) comprehension of mathematical word
problems, (2) systematic analysis of quantitative information, and (3) application of logical reasoning
in problem-solving. The central research question—“What impact does the implementation of the
Kahoot-based TGT model have on enhancing primary school students’” mathematical critical thinking
skills?” —guides an empirical exploration of technology-enhanced collaborative learning strategies that
prioritize active cognitive engagement. By addressing pressing needs for evidence-based pedagogical
methods that integrate technological innovation, this research contributes to both theory and practice
in mathematics education. The findings aimed to substantiate the role of interactive, gamified learning
environments in advancing critical reasoning abilities while providing educators with actionable
insights for adopting engagement-driven instructional strategies.

METHOD

Type and Design

This study employed a quasi-experimental pretest-posttest control group design to evaluate the
efficacy of the Kahoot-enhanced Teams Games Tournament (TGT) model in developing mathematical
critical thinking skills. Two intact classes were assigned to either an experimental group receiving the
Kahoot-integrated TGT intervention or a control group utilizing conventional TGT methods. The
experimental design is outlined in Table 1 below.
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Table 1. Pretest—Posttest Control Group Design

Group Pretest Intervention Posttest
Experimental X1 T X2
Control X1 0 X2
Note:
X1 =Baseline assessment
X2 = Post-intervention assessment
T = Kahoot-integrated TGT intervention
(0] = Conventional TGT instruction

Data and Data Sources

This study was conducted at a private Islamic elementary school in Madiun City, involving 50
fifth-grade students (aged 10-11 years) from two classes. The research site and sample were selected
based on the common characteristics of mathematics education in Indonesian primary schools, where
traditional teaching methods remain predominant (OECD, 2023). Such methods have been linked to
students’ limited mathematical reasoning skills. A random sampling technique was employed to
ensure equal probability of selection for all population members (Sugiyono, 2013), aligning with
quantitative research principles that emphasise generalisability. As Creswell (2012) notes, random
sampling enhances the likelihood of obtaining an objective representation of the research population.

Data Collection Technique

Data were collected using pre-test and post-test instruments designed to measure students’
mathematical critical thinking abilities before and after the learning intervention. Guided by the
frameworks of Ennis (1993) and Facione (1991), the following indicators were assessed: (see Table 2)

Table 2. Critical Thinking Ability Rubric
Indicator Description Score

Interpretation 4: Demonstrates comprehensive problem understanding, 1-4

identifying all key elements.

3: Identifies most elements but omits critical details.

2: Shows partial understanding of key elements.

1: Fails to interpret the problem or omits essential elements.

Analysis 4: Deconstructs problems effectively, constructing logical, 1-4
relevant calculations/arguments.

3: Provides mostly sound analytical steps.
2: Offers incomplete analysis with errors.
1: Lacks analysis or presents illogical reasoning.

Inference 4: Draws accurate, logically supported conclusions. 1-4
3: Produces mostly accurate conclusions with limited
support.

2: Reaches partially relevant or vague conclusions.
1: Fails to infer conclusions or provides irrelevant responses.

Evaluation 4: Thoroughly evaluates evidence, identifying errors. 1-4
3: Evaluates adequately but lacks depth.

2: Demonstrates limited or flawed evaluation.
1: Provides no evaluation or uncritically accepts evidence.
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A pilot test was conducted to establish instrument validity and reliability. Validity was assessed
using Pearson correlation coefficients, comparing individual item scores to total scores. All items
showed significant correlations with the total score. For df = 50, the critical r-values were 0.273 (p <
0.05) and 0.354 (p < 0.01). All calculated r-values exceeded these thresholds, confirming validity.
Validity test results confirm that the study’s instruments adequately measure the intended constructs.
Item P8 demonstrated the highest item-total correlation (r = 0.791, p < 0.01), indicating its strongest
contribution to the construct. Conversely, item P7 showed the lowest correlation (r = 0.379, p < 0.05)
but still met the minimum validity threshold at the 0.05 significance level. Reliability analysis further
supports the instrument’s internal consistency. The 10-item scale yielded a Cronbach’s Alpha of 0.791,
surpassing the standard minimum threshold of 0.60. This confirms satisfactory reliability. Table 3
summarizes the reliability statistics.

Table 3. Cronbach’s Alpha Reliability Statistics
Reliability Statistics
Cronbach's Alpha N of Items
791 10
Source: SPSS 27

Data Analysis

Pretest and posttest data from the control and experimental groups were analyzed using a
General Linear Model (GLM). This analysis included descriptive statistics for an initial data overview,
Box’s Test of Equality of Covariance Matrices to evaluate equal covariance across groups, Levene’s Test
of Equality of Error Variances to assess homogeneity of variance for pretest and posttest scores,
Multivariate Analysis of Variance (MANOVA) to assess the overall treatment effect, Tests of Between-
Subjects Effects to identify significant differences in pretest/posttest scores, and parameter estimates
and effect sizes (Partial Eta Squared) to quantify the intervention’s impact on critical thinking. The
intervention’s effectiveness was evaluated by comparing improvements in mathematical critical
thinking scores between pretest and posttest.

RESULTS

Prerequisite Assumption Tests

Prior to GLM analysis, prerequisite assumptions (normality and homogeneity of variance) were
tested. Data met parametric analysis requirements when p-values exceeded 0.05. Normality test
hypotheses were as follows: Ho (null hypothesis): The sample is drawn from a normally distributed
population; H, (alternative hypothesis): The sample is not drawn from a normally distributed
population. Homogeneity of variance test hypotheses were: Ho : Variances across groups are equal; H,
: Variances across groups are unequal. (See Table 4 below)

Table 4. Shapiro-Wilk Normality Test for Pretest and Posttest in
Control and Experimental Groups

Variable Class Shapiro-Wilk
Statistic df  Sig.
Pretest - Critical Control Class 944 25 .187

Thinking Ability )
Experimental Class 938 25 .135

Post Test - Critical Control Class 920 25 .051
Thinking Ability Experimental Class 968 25 .599
Source: SPSS 27
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The Shapiro-Wilk normality test results for pretest and posttest critical thinking skills data in
both control and experimental groups (using the Kahoot-based Teams Games Tournament approach)
showed significance values (p > 0.05), confirming normal distribution. (See Table 5 below)

Table 5. Homogeneity Test for Pretest and Posttest of Kahoot-based TGT in
Control and Experimental Groups
Levene

Statistic dfi df2 Sig.
Pretest Based on Mean .067 1 48 798
Posttest Based on Mean 464 1 48 .499

Source: SPSS 27

Levene’s Test for homogeneity revealed that variances across groups were homogeneous, as all
significance values (p > 0.05) exceeded the threshold. Specifically, the pretest showed p = 0.798, and
the posttest yielded p = 0.499. These findings confirm that the data meet normality and homogeneity
assumptions, validating the use of General Linear Models (GLM) to analyze differences in critical
thinking skills before and after the intervention. The General Linear Models (GLM) analysis revealed
improvements in critical thinking scores for both groups. The control group’s mean pretest score was
7.52 (SD = 2.903), rising to 9.32 (SD = 3.301) posttest, while the experimental group’s mean increased
from 7.56 (SD = 2.800) pretest to 9.52 (SD = 3.070) posttest. (See Table 6 below)

Table 6. Descriptive Statistics (GLM)
Category Mean Std. Deviation N

Control Group Pretest 7.52 2.903 25
Posttest 9.32 3.301 25
Total 8.42 3.208 50
Experimental Pretest 7.56 2.800 25
Group Posttest 9.52 3.070 25
Total 8.54 3.072 50

Box’s M test confirmed homogeneity of covariance matrices (a prerequisite for multivariate
analysis), with Box’s M = 1.163 and p = 0.775 (p > 0.05). This indicates equal covariance matrices across
groups for the dependent variables (pretest/posttest scores): (See Table 7 below)

Table 7. Box’s Test of Equality of Covariance Matrices

Box's M 1.163

F .370
dfl 3

df2 414720.000
Sig. 775

Source: SPSS 27
To assess the equality of variances within groups, Levene’s Test for Equality of Error
Variances was conducted. (See Table 8 below)
Table 8. Levene’s Test of Equality of Error Variances

Levene
Statistic dfl df2  Sig.
The Control Group  Based on the Mean 900 1 48 347  results of
Levene’s Test Experimental Based on the Mean 236 1 48 629 yjelded p-
values greater _Group than 0.05 for
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both the control and experimental groups, indicating homogeneity of error variances. This confirms
that the assumption of homogeneity required for subsequent analyses is met.

Multivariate test results demonstrated a statistically significant effect of group membership (p
= 0.011) across all indicators—Pillai’s Trace, Wilks’ Lambda, Hotelling’s Trace, and Roy’s Largest Root
(see Table 9). The Partial Eta Squared value of 0.174 suggests that approximately 17.4% of the variance
in outcomes can be attributed to group differences. (See Table 9 below)

Tabel 9. Multivariate Tests

Effect Value F Sig. Partial Eta Interpretation
Squared
Category Pillai's Trace 174 4.948° 011 174 Signifikan (p < 0,05)
Wilks' Lambda .826 4.948° 011 174 Signifikan (p < 0,05)
Hotelling's Trace 211 4.948° 011 174 Signifikan (p < 0,05)

Roy's Largest Root 211 4.948° 011 174 Signifikan (p < 0,05)

To investigate the differences in treatment effects across each dependent variable, a Test of
Between-Subjects Effects was conducted. The analysis revealed a statistically significant effect of group
category on the outcome measures. For the control group, the F-value was 4.193 (p = 0.046), with a
variance contribution of 8% (Partial Eta Squared = 0.080). In contrast, the experimental group yielded
an F-value of 5.562 (p = 0.022), accounting for 10.4% of the variance (Partial Eta Squared = 0.104).
These results suggest that the experimental group exhibited a slightly greater improvement in
outcomes compared to the control group, although the overall effect of group category on total
outcome variance was relatively modest. The detailed results are presented in the Table 10 below:

Table 10. Tests of Between-Subjects Effects

Source Dependent F Sig.  Partial Eta Interpretasi
Variable Squared
Category  Control Group 4.193 .046 .080 Significant effect; small variance
explained
Experimental 5.562 .022 .104 Significant effect; slightly larger
Group contribution

a. R?=0.080 (Adjusted R* = 0.061)

b. R? =0.104 (Adjusted R? = 0.085)

¢. Computed using a = 0.05

Parameter estimates were examined to further quantify the effect of the treatment on critical
thinking skills. In both groups, posttest scores for Category 1 were significantly lower than those for
Category 2, with B = -1.800 (p = 0.046) for the control group and B = -1.960 (p = 0.022) for the
experimental group. (See Table 11 below)

Table 11. Parameter Estimates

Dependent Variable = Parameter B t Sig.

Intercept 9.320 14.993 .000

Control Group [Category =1] -1.800 -2.048 .046
[Category = 2] 0? . .

Intercept 9.520 16.200 .000

[Category =1] -1.960 -2.358 .022

Experimental Group 0°

[Category = 2]

a. Parameter set to zero (redundant).
b. Computed using a = 0.05
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The multivariate General Linear Model (GLM) analysis revealed statistically significant
differences between the control and experimental groups in their pretest and posttest outcomes.
Specifically, both groups demonstrated significantly lower mean posttest scores for Category 1
compared to Category 2, with the experimental group exhibiting a slightly greater decrease (B =-1.960,
p = 0.022) than the control group (B = -1.800, p = 0.046). Although the proportion of variance
accounted for by these group differences remains relatively small, the intervention implemented in
the experimental group resulted in a modest yet statistically significant improvement over the control
group. These findings highlight the meaningful, albeit limited, impact of group category on the
development of critical thinking skills.

DISCUSSIONS

The findings of this study demonstrate that integrating the Teams Games Tournament (TGT)
model with Kahoot positively impacts students’ mathematical critical thinking abilities. Quantitative
analysis revealed statistically significant differences in posttest critical thinking scores between the
control group, which employed a conventional TGT approach, and the experimental group, which
incorporated Kahoot into the TGT framework. These results underscore the potential of embedding
interactive technology within cooperative learning models to enhance pedagogical effectiveness and
student engagement. Furthermore, the integration of Kahoot with the TGT model fosters a dynamic,
motivating, and immersive learning environment, aligning with prior research on technology-
enhanced instructional strategies (Wang & Tahir, 2020).

Statistical analysis via the General Linear Model (GLM) indicated a significant effect of group
category on posttest outcomes (p =0.011, n?=0.174). The experimental group achieved a higher mean
posttest score (M =9.52, SD = 3.070) compared to the control group (M =9.32,SD =3.301), with 17.4%
of the variance in outcomes attributable to the intervention—specifically, the incorporation of Kahoot
into the TGT model. While the effect size is moderate, this finding emphasizes the critical role of
interactive technology in cultivating higher-order thinking skills, consistent with existing literature
(Sulistyowati & Asriati, 2024). Further analysis of the Between-Subjects Effects revealed that the
control group yielded an F-value of 4.193 (p = 0.046), whereas the experimental group, which
employed Kahoot, yielded an F-value of 5.562 (p = 0.022). These findings indicate that the experimental
group exhibited a more substantial improvement in critical thinking scores compared to the control
group. Although the group effect accounted for a comparatively small portion of the total variance, it
nonetheless underscores a positive impact of the intervention. Consequently, the integration of
interactive quiz-based technology into the learning process has proven effective in enhancing student
engagement and fostering the development of mathematical critical thinking skills.

The parameter estimation analysis demonstrated that the control group achieved a lower mean
posttest score than the experimental group, with regression coefficients of B = -1.800 (p = 0.046) for
the first category and B = -1.960 (p = 0.022) for the second category in the experimental group. This
evidence suggests that students engaging with Kahoot attained superior performance in assessments
of critical thinking skills relative to their counterparts in the control group. This finding highlights the
significant contribution of Kahoot as a learning tool in strengthening students’ mathematical critical
thinking abilities. These empirical results align with Vygotsky’s (1978) theory of social constructivism,
which emphasizes the critical role of social interaction in learning and cognitive development. Social
interaction serves as a foundation for cultivating cognitive abilities, enabling students to develop
higher-order thinking skills through peer collaboration or teacher guidance (Vygotsky, 1978; Zahroni
et al., 2024). Within this framework, the integration of Kahoot into the TGT model fosters a
collaborative, engaging, and motivating learning environment, thereby supporting the advancement
of critical thinking skills
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The study's findings are consistent with previous research by Sutama et al. (2022), which
demonstrated that collaborative learning models significantly enhance students’ analytical
capabilities. In a similar vein, Fauziyah and Anugraheni (2020) found that active participation in group
discussions within cooperative learning environments markedly improves both analytical and problem-
solving skills. These results also align with literature indicating that gamification-based learning—
exemplified by Kahoot—substantially increases student motivation (Suryani et al., 2024). This supports
the conclusions drawn by Wang and Tahir (2020), whose meta-analysis of 93 studies revealed that
Kahoot consistently fosters higher levels of motivation, participation, and overall academic
performance. The gamification features inherent in Kahoot, such as scoring systems, leaderboards,
and time constraints, provide cognitive stimulation that prompts students to engage critically with the
learning process, thereby promoting a more rigorous approach to solving mathematical problems.

Furthermore, the present findings echo those of Maulidah et al. (2020), who showed that
gamification via interactive quizzes positively impacts critical thinking skills in mathematics. This is
further corroborated by Suryani et al. (2024), who confirmed that Kahoot-based learning significantly
enhances critical thinking in mathematical contexts. By offering an engaging and interactive platform,
Kahoot facilitates a deeper understanding of abstract mathematical concepts. Licorish et al. (2018)
found that Kahoot enhances students’ concentration and fosters the development of rapid thinking
strategies, which are key indicators of critical thinking ability. Similarly, Korkmaz and Oz (2021)
demonstrated that the integration of gamification with cooperative learning models not only increases
intrinsic motivation but also strengthens critical thinking skills and deepens conceptual understanding.
Furthermore, studies by Plump and LaRosa (2017) and Bicen and Kocakoyun (2018) suggest that
incorporating games into educational settings promotes active learning and enhances student
interaction. Overall, the present study affirms that Kahoot-based learning methods can improve
students’ critical thinking skills. Although the effect size was moderate, the findings underscore
Kahoot's value as an effective pedagogical tool, particularly in enhancing motivation and engagement.
Nevertheless, further research is required to explore the mechanisms underpinning improvements in
critical thinking and to identify strategies for maximising the educational potential of technology.

CONCLUSION

This study demonstrates that integrating Kahoot into the Teams Games Tournament (TGT)
learning model significantly enhances the mathematical critical thinking skills of students in the
experimental group compared to the control group. Statistical analysis revealed a statistically
significant difference between pretest and posttest outcomes (p < 0.05), with a Partial Eta Squared
value of 0.174 indicating that group category differences accounted for approximately 17.4% of the
variance in learning outcomes. Although the effect size is modest, these findings underscore the
potential of Kahoot to foster critical thinking skills through technology-enhanced collaborative
learning. The study contributes new empirical evidence on the integration of gamification and
cooperative learning in mathematics education, while proposing an innovative, engaging instructional
approach for students. Its novelty lies in combining the TGT model with the Kahoot digital platform—
an area that has received limited in-depth exploration in the context of developing mathematical
critical thinking skills at the primary education level. The primary contribution of this research is its
advancement of digital pedagogy by introducing a technology-driven, interactive learning framework
that supports students’ cognitive development. This study presents several limitations that should be
considered when interpreting its findings. Firstly, the sample—comprising only 50 students from two
classes within a single primary school in Madiun City—limits the generalisability of the results to wider
populations or varied geographical contexts. Secondly, the short duration of the intervention may not
adequately capture the long-term effects of the Kahoot-based TGT model on students’ critical thinking
skills. Educators are encouraged to integrate technology into their pedagogical practices to foster a
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more dynamic and effective learning environment. It is recommended that educational institutions
offer professional development opportunities to equip educators with the skills necessary to
effectively utilise technology-based tools such as Kahoot. This study underscores the need for
continued investigation into the role of technology in education. Future research should build upon
these findings by examining the effectiveness of technology-enhanced learning approaches across a
range of educational contexts and subject areas.
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