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Mathematics learning in elementary school plays an
essential role in developing students’ logical reasoning and
problem-solving skills; however, many students still
experience difficulties in solving non-routine mathematical
problems, particularly in heterogeneous classrooms. This
study examined the effect of a differentiated Teams Games
Toumament (TGT) cooperative learning model on
mathematics achievement and problem-solving skills of
elementary students. A quantitative quasi-experimental
method with a nonequivalent control group design was
employed. The participants were fifth-grade students of SD
Negeri 01 Kebondalem, Pemalang Regency, Indonesia,
divided into an experimental group receiving differentiated
TGT instruction and a control group taught using
conventional methods. Data were collected through pretests
and posttests measuring mathematics achievement and
problem-solving skills based on Polya’s stages. The results
showed that the experimental group achieved higher
learning outcomes and demonstrated better problem-solving
skills than the control group. These findings indicate that
integrating differentiation principles into the TGT model
effectively improves mathematics achievement and
problem-solving skills in elementary education.

1. Introduction

Mathematics instruction in elementary education plays a fundamental role in
developing students’ logical reasoning, analytical thinking, and structured problem-
solving abilities from an early stage. These competencies are essential not only for
academic success but also for equipping learners with higher-order thinking skills
required to address authentic real-life problems. However, empirical evidence
indicates that elementary students’ mathematical problem-solving abilities remain
relatively low, particularly when they encounter contextual and non-routine
problems. Students frequently struggle to interpret problem situations, determine
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appropriate strategies, implement procedures systematically, and evaluate the
validity of their solutions (Abdul Wahab et al., 2024). This condition reflects a
persistent gap between the intended goals of mathematics education and the realities
of classroom instruction, where learning often emphasizes procedural practice
rather than conceptual understanding and reflective thinking.

The challenge becomes more complex in heterogeneous classrooms characterized
by diverse readiness levels, learning profiles, and learning paces. Conventional
teacher-centered approaches tend to deliver uniform instruction that does not
sufficiently accommodate these differences. Research shows that high levels of
mathematics anxiety are associated with decreased confidence and motivation in
mathematics learning, contributing to lower achievement and disengagement in the
classroom (Smith et al., 2025). Such instructional mismatches contribute to
widening achievement gaps and limit equitable learning opportunities. Recent
studies published in Journal of Educational Sciences highlight the urgency of
implementing innovative and student-centered instructional designs to enhance
engagement and learning effectiveness in elementary education (Utami et al., 2025;
Ardiana et al., 2025).

Previous research on mathematical problem-solving has examined influencing
factors such as metacognitive awareness and the implementation of Polya’s
problem-solving stages (Huda et al., 2025). These studies consistently indicate that
effective problem-solving depends not only on conceptual mastery but also on
instructional environments that promote active participation, collaborative
reasoning, and reflective thinking. Cooperative learning approaches have therefore
been widely recommended because they foster interaction, teamwork, and shared
responsibility in solving academic tasks (Khayyirah et al., 2024). Through
structured collaboration, students are encouraged to articulate their reasoning,
negotiate solution strategies, and construct deeper conceptual understanding.

In parallel, differentiated instruction has emerged as a strategic approach to
addressing learner diversity. Grounded in Tomlinson’s framework, differentiation
involves adjusting content, process, and product according to students’ readiness,
interests, and learning profiles. Empirical findings indicate that differentiated
instruction can enhance students’ academic achievement and engagement in
mathematics learning (Salazar & Gumanoy, 2025; Manuel & Mempin, 2025).
Nevertheless, many existing studies apply differentiation in a general or isolated
manner without systematically embedding it into structured cooperative learning
models. This indicates a need for instructional innovation that integrates
differentiation within a well-defined collaborative framework.

One cooperative learning model that has consistently demonstrated positive effects
on students’ achievement and motivation is the Teams Games Tournament (TGT)
model. TGT integrates collaborative team discussions with structured academic
games and tournament sessions, creating a dynamic and motivating learning
atmosphere that enhances students’ engagement and achievement in mathematics
learning (Setiana et al., 2024). Studies in Journal of Educational Sciences report
that TGT supported by educational games significantly enhances students’
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cognitive outcomes and learning motivation (Rosyida et al., 2025). Similarly, Rizqi
et al. (2025) found that TGT-based instruction improves elementary students’
numeracy skills and active participation. Despite these advantages, conventional
implementations of TGT typically employ uniform learning tasks and tournament
questions, which may not sufficiently address differences in students’ readiness
levels and learning pace. As a result, some students may still experience limited
cognitive challenge or insufficient support.

Based on the review of previous studies, comprehensive research that
systematically integrates differentiated instruction into each phase of the TGT
cooperative learning model to improve both mathematics learning outcomes and
structured problem-solving skills in elementary education remains limited. The
novelty of this study lies in modifying the TGT model by incorporating
Tomlinson’s principles, specifically the differentiation of content, process, and
product based on students’ readiness levels within the stages of team discussion,
academic games, and tournament sessions. Such an approach aligns with recent
instructional innovations emphasized in Journal of Educational Sciences, which
advocate adaptive learning designs and innovative pedagogical strategies to
enhance educational effectiveness (Khusnunnisa & Andriani, 2025; Oktama et al.,
2026; Putri et al., 2025). Therefore, this study aims to analyze the effect of a
differentiated Teams Games Tournament (TGT) cooperative learning model on
elementary students’ mathematics learning outcomes and mathematical problem-
solving skills.

2. Methodology

This study employed a quantitative approach using a quasi-experimental method,
which is widely applied in educational research when random assignment is not
possible in real classroom contexts (Creswell & Creswell, 2018; Sugiyono, 2022).
The research design used was a nonequivalent control group design within a quasi-
experimental framework, involving an experimental class and a control class
receiving different instructional treatments. Both groups were measured through
pretests and posttests to determine the effectiveness of the differentiated Teams
Games Tournament (TGT) cooperative learning model on students’ mathematics
learning outcomes and problem-solving skills. Cooperative learning models have
been reported as effective in improving students’ cognitive achievement and
motivation in elementary school learning contexts (Adinda et al., 2025).

The research was conducted during the first semester of the 2025/2026 academic
year at SD Negeri 01 Kebondalem, Pemalang Regency, Indonesia. The
implementation followed the school’s academic calendar and regular mathematics
learning schedule to ensure that the intervention was carried out in a natural
instructional setting (Fraenkel et al., 2019). The population consisted of all fifth-
grade students at the school. The sample was selected using purposive sampling
based on class equivalence in terms of student number, initial academic ability, and
learning conditions (Sugiyono, 2022). Two intact classes were chosen, with one
assigned as the experimental group and the other as the control group.
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The intervention was implemented in three stages: preparation, implementation,
and completion. During the preparation stage, lesson plans, differentiated learning
materials, and research instruments were developed. Instrument validity and
reliability were examined to ensure the accuracy of the measurement tools
(Arikunto, 2019). During the implementation stage, students in both classes were
given a pretest to identify baseline mathematics ability. The experimental group
then received instruction using differentiated TGT based on Tomlinson’s
framework, emphasizing differentiation of content, process, and product according
to students’ readiness (Tomlinson, 2017). The differentiated TGT learning activities
included team discussions, academic games, and tournament sessions adapted to
students’ readiness levels, while the control group participated in conventional
instruction. At the completion stage, a posttest was administered to evaluate
students’ mathematics learning outcomes and problem-solving performance after
the intervention.

Instrument

The instruments used in this study consisted of a multiple-choice mathematics
achievement test and an open-ended problem-solving test. The problem-solving test
was constructed based on Polya’s four stages: understanding the problem, devising
a plan, carrying out the plan, and reviewing the solution (Polya, 1973). Content
validity was established through expert judgment involving mathematics education
specialists, while reliability was estimated using appropriate reliability coefficients
based on the test format (Arikunto, 2019; Fraenkel et al., 2019).

Data Collection

Data were collected through test techniques in the form of pretests and posttests.
The pretest was conducted to determine students’ initial mathematics abilities prior
to the learning intervention. The posttest was administered after the implementation
of the differentiated TGT model to identify improvements in students’ learning
outcomes and problem-solving skills (Fraenkel et al., 2019). Similar quasi-
experimental learning model studies have also been applied in JES publications
focusing on improving elementary school achievement (Utami et al., 2025; Ardiana
et al., 2025).

Data Analysis

Data analysis included descriptive and inferential statistics. Descriptive statistics
were used to summarize students’ mean scores, standard deviations, and score
distribution. Inferential analysis involved prerequisite testing such as normality and
homogeneity tests to ensure parametric assumptions were met (Field, 2018).
Learning improvement was measured using the normalized gain (N-Gain), which
is commonly used to evaluate the effectiveness of instructional interventions (Hake,
1999). Hypothesis testing was conducted using an independent samples t-test with
SPSS software at a significance level of 0.05.
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3. Results and Discussion

The differentiated Teams Games Tournament (TGT) learning model implemented
in this study followed a structured cooperative procedure integrated with
instructional differentiation principles. At the beginning of the learning process,
students were assigned to heterogeneous teams based on their initial mathematics
abilities to promote balanced peer interaction. The teacher then presented the
learning objectives and core mathematical concepts using differentiated
instructional materials adjusted to students’ readiness levels. During team
discussions, students worked collaboratively to solve mathematical problems, with
higher-achieving students providing peer support and explanations, while lower-
achieving students received structured scaffolding to strengthen conceptual
understanding.

Following the discussion phase, students participated in academic games using
mathematics problem cards designed at varying levels of difficulty. Each student
then joined a tournament session, where representatives from different teams
competed with peers of similar ability levels. This tournament structure ensured
fairness and reduced performance anxiety, allowing all students to contribute
meaningfully to their team scores. Points obtained during the tournaments were
accumulated as team scores, fostering both collaboration and healthy competition.
This integration of cooperative learning and differentiation enabled students with
diverse abilities to remain actively engaged without feeling left behind or
insufficiently challenged, representing a key pedagogical advantage of embedding
differentiation within the TGT framework (Dulfer et al., 2025).

Mathematics Learning Qutcomes

The descriptive analysis indicates that the initial mathematics abilities of students
in the experimental and control groups were relatively comparable, as reflected in
their pretest mean scores. After the instructional intervention, both groups
demonstrated improvement in mathematics learning outcomes; however, the
increase observed in the experimental group was substantially higher. A
comparison of pretest and posttest scores for both groups is presented in Table 1.

Table 1. Descriptive Statistics of Mathematics Learning Outcomes for the
Experimental and Control Groups

Group N Pretest (Mean =SD)  Posttest (Mean + SD)
Experimental (Differentiated TGT) 28 56.32 + 8.41 82.14+7.26
Control (Conventional Instruction) 28 55.89 +£8.17 71.07 = 7.84

As shown in Table 1, the experimental group achieved a higher posttest mean score
than the control group. This finding indicates that the differentiated TGT learning
model provided a more effective learning environment for enhancing students’
mathematics achievement. Cooperative interaction within heterogeneous teams
encouraged active participation, peer explanation, and shared responsibility for
learning, which supported deeper conceptual understanding. The integration of
differentiation further strengthened this effect by aligning learning tasks with
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students’ readiness levels. Lower-achieving students benefited from structured
scaffolding and peer assistance, while higher-achieving students remained
cognitively challenged through more complex tasks during discussions and games.
This balanced instructional approach helped minimize learning gaps and optimized
learning opportunities for all students, thereby contributing to higher overall
achievement in the experimental group (Dulfer et al., 2025; Manuel & Mempin,
2025).

Improvement in Learning Outcomes (N-Gain)
To examine the extent of learning improvement, a normalized gain (N-Gain)
analysis was conducted. The categories of learning improvement for both groups

are summarized in Table 2.

Table 2. N-Gain Values and Improvement Categories

Group Mean N-Gain Category
Experimental 0.63 Moderate—High
Control 0.38 Moderate

The data in Table 2 indicate that students who learned through the differentiated
TGT model experienced greater learning improvement than those who received
conventional instruction. The experimental group reached a moderate—high
improvement category, while the control group remained in the moderate category.
This difference demonstrates that the differentiated TGT model not only improved
students’ final achievement but also enhanced their learning growth more
effectively. The higher N-Gain achieved by the experimental group can be
attributed to the synergistic effects of cooperative learning and differentiation. The
tournament element created a motivating learning atmosphere that encouraged
students to prepare, participate actively, and apply mathematical concepts during
competitive yet supportive activities. Meanwhile, readiness-based differentiation
ensured that each student could progress from their initial level of understanding,
making learning more meaningful and sustainable. A comparison of N-Gain values
between groups is illustrated in Figure 1, reinforcing the superior learning growth
achieved by students in the differentiated TGT class (Rizqi et al., 2025).
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Figure 1. Comparison of N-Gain Values Between Groups
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Mathematical Problem-Solving Skills

Students’ mathematical problem-solving skills were analyzed based on Polya’s four
indicators: understanding the problem, planning a solution, implementing the
solution, and evaluating the solution. The mean scores for each indicator in both
groups are presented in Table 3.

Table 3. Mean Scores of Mathematical Problem-Solving Skill Indicators

Indicator Experimental Control
Understanding the problem 84.21 72.68
Planning the solution 81.79 69.46
Implementing the solution 79.64 67.14
Evaluating the solution 77.50 65.36

As shown in Table 3, the experimental group outperformed the control group across
all problem-solving indicators. These results indicate that the differentiated TGT
model effectively supported the development of students’ mathematical problem-
solving processes. During team discussions, students were encouraged to articulate
their reasoning, compare solution strategies, and receive immediate feedback from
peers, which strengthened their ability to understand problems and plan appropriate
solutions.

Furthermore, tournament sessions required students to apply problem-solving skills
independently under motivating conditions, reinforcing procedural fluency and
higher-order thinking. Differentiated tasks ensured that students with lower
readiness levels could focus on mastering fundamental problem-solving steps,
while higher-achieving students were challenged to evaluate and refine solutions
more critically. The comparison of problem-solving skill indicators is visually
presented in Figure 2, illustrating the consistent superiority of the experimental
group across all indicators (Ardiari et al., 2023; Meisari et al., 2025).

EEE Experimental
mmm Control

Mean Score (C4)
w ey w o ~ @™
o o o o o (=]
L L | L | |

[N]
o
L

=
o
L

o
I

Understanding Planning Implementing Evaluating
the problem the solution the solution the sclution
Problem-Solving Indicators

Figure 2. Comparison of Mathematical Problem-Solving Skill Indicators
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Hypothesis Testing and Discussion

The results of the independent samples t-test revealed a statistically significant
difference between the experimental and control groups in both mathematics
learning outcomes and mathematical problem-solving skills (p < 0.05). Therefore,
the research hypothesis stating that differentiated TGT instruction has a significant
effect on students’ mathematics achievement and problem-solving performance is
accepted.

Overall, the findings demonstrate that integrating differentiation into the TGT
cooperative learning model enhances both students’ achievement and problem-
solving abilities. Differentiation ensured instructional accessibility for students
with lower readiness while simultaneously providing enrichment opportunities for
higher-achieving students. Cooperative interaction within teams promoted peer
tutoring and shared responsibility for learning, which are essential for conceptual
understanding. Additionally, the tournament component increased students’
motivation and engagement, making mathematics learning more enjoyable and
meaningful. These results are consistent with previous studies reporting the
effectiveness of cooperative learning models in improving mathematics
achievement and learning motivation (Roka & Khatri, 2024; Zaki et al., 2024). The
distinct contribution of this study lies in the systematic integration of Tomlinson’s
differentiation principles at each stage of the TGT learning process, enabling
equitable participation and maximizing learning outcomes for students with diverse
abilities.

Beyond the statistical significance identified through the independent samples t-
test, the findings of this study provide important pedagogical insights into why the
differentiated TGT model generated higher improvement in both mathematics
achievement and problem-solving skills. The integration of differentiation within
the cooperative TGT structure allowed students to engage in learning tasks that
were aligned with their readiness levels. Lower-achieving students received
structured scaffolding during team discussions, which reduced learning anxiety and
enhanced their confidence in solving mathematical problems. At the same time,
higher-achieving students were challenged with more complex tasks during the
tournament phase, preventing disengagement and promoting deeper analytical
thinking. This balance between support and challenge contributed to more equitable
learning opportunities in heterogeneous classrooms.

The mechanism of peer tutoring within heterogeneous teams also played a crucial
role in strengthening conceptual understanding. When students explained their
reasoning to peers, they reorganized their mathematical thinking, which reinforced
their own comprehension. Furthermore, the tournament component increased
students’ intrinsic motivation through structured academic competition. Competing
with peers of similar ability levels minimized performance gaps and created a
psychologically safe environment, enabling all students to participate actively. This
pedagogical mechanism explains the higher N-Gain and problem-solving indicators
observed in the experimental group.
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The results of this study are consistent with several previous studies. Research
published in Journal of Educational Sciences by Rizqi et al. (2025) demonstrated
that TGT-based learning significantly improved elementary students’ numeracy
skills and learning motivation. Similarly, Rosyida et al. (2025) reported that
cooperative learning supported by educational games enhanced cognitive
achievement and classroom engagement. A comprehensive meta-analysis by Fauzi
et al. (2025) confirmed that cooperative learning models consistently yield
significantly higher mathematics achievement among primary school students
compared to conventional instruction. Furthermore, Oktavia, Asmara, and
Suparman (2025) revealed that adjusting instruction based on students’ readiness
levels significantly improves learning outcomes in elementary mathematics. In
addition, Wardhani et al. (2025) showed that differentiated instruction increases
active participation and responsivity to individual learner needs in heterogeneous
classrooms. The present study extends these findings by systematically integrating
differentiation principles into every stage of the TGT learning process, thereby
strengthening both cognitive achievement and structured problem-solving skills
simultaneously.

Despite its effectiveness, several strengths and limitations of the differentiated TGT
model were identified during implementation. The strengths include: (1) promoting
active participation among all students regardless of ability level, (2) reducing
mathematics anxiety among lower-achieving students through readiness-based
tournament grouping, (3) increasing intrinsic motivation through structured
academic competition, and (4) fostering peer tutoring that enhances conceptual
understanding. However, this model also has several limitations. First, it requires
substantial preparation time to design differentiated learning materials and multi-
level problem cards. Second, effective classroom management is essential to
maintain a conducive atmosphere during tournament sessions. Third, without
careful monitoring, there is a potential risk of dominance by certain students during
team discussions. Therefore, teacher readiness and classroom management skills
are important factors in ensuring the successful implementation of differentiated
TGT. Overall, the strengthened discussion demonstrates that the effectiveness of
differentiated TGT is not merely reflected in statistical differences, but is rooted in
clear pedagogical mechanisms involving structured cooperation, readiness-based
differentiation, motivational competition, and cognitive scaffolding processes in the
classroom.

4. Conclusion

This study concludes that the differentiated Teams Games Tournament (TGT)
cooperative learning model effectively enhances elementary students’ mathematics
learning outcomes and mathematical problem-solving skills. The research objective
was successfully achieved, as the integration of differentiation principles within the
structured stages of the TGT model provided learning experiences that
accommodated students’ varying readiness levels. The implementation of
differentiated tasks within cooperative teams, academic games, and tournament
activities fostered active participation, equitable engagement, and deeper
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conceptual understanding. Students were able to apply systematic problem-solving
strategies more confidently, while the inclusive learning design ensured that both
lower- and higher-achieving students received appropriate support and academic
challenge. These findings demonstrate that integrating differentiated instruction
into cooperative learning models represents a successful pedagogical innovation for
heterogeneous elementary classrooms. The study confirms that adaptive and
collaborative instructional approaches can improve both cognitive achievement and
structured problem-solving competence in mathematics. Future studies are
recommended to examine the application of differentiated TGT across different
mathematical topics, grade levels, and technology-enhanced learning environments
to further validate and expand its implementation.
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