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The experimental group received instruction using the Find Match in
Group model, while the control group received conventional learning.
Data were collected through pretest and posttest instruments on
cube and cuboid volume topics. Results revealed no significant
difference between the pretest scores of both groups, indicating
comparable initial abilities. Posttest results, however, demonstrated
significant differences, with the experimental group achieving higher
gains. N-gain analysis further confirmed that the improvement in the
experimental group was significantly greater than that in the control

group. These findings indicate that the Find Match in Group model
effectively enhances students’ mathematical critical thinking skills.
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INTRODUCTION

Critical thinking is widely recognized as a core competence in modern
mathematics education, emphasized in the 2013 Curriculum as a foundation for
developing students’ analytical, logical, and evaluative abilities (Kemendikbud, 2016).
Despite this mandate, students in Indonesia continue to demonstrate low performance in
tasks requiring higher-order thinking (Munifah et al, 2019a; Sumarni et al, 2019a;
Sumarni et al, 2019b; Huda et al, 2019). The PISA 2018 report places Indonesia at rank 72
out of 78 participating countries, with most students struggling to interpret information,
analyze problems, and apply reasoning strategies effectively (OECD, 2019). These
findings are consistent with national studies showing persistent difficulties in conceptual
understanding, representational fluency, and analytical reasoning among elementary
students (Irawan & Kencanawaty, 2017; Kartimi et al.,, 2012).

One major factor contributing to these challenges is the persistence of teacher-
centered instructional practices, where learning activities prioritize procedural execution
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over inquiry, exploration, and justification (Widayanti, 2019). Research in mathematics
education underscores that developing critical thinking requires learning environments
that allow students to articulate ideas, evaluate alternatives, solve open-ended problems
(Diani et al, 2019; Munifah et al, 2019b; Huda et al, 2020a; Huda et al, 2020b), and
collaborate meaningfully conditions particularly important in elementary settings
(Ariana, 2016; Sleman, 2022). Recent empirical studies further confirm that interactive,
inquiry-oriented teaching approaches such as Problem-Based Learning and collaborative
problem solving result in significantly higher gains in critical thinking than conventional
instruction (Setyaningsih & Abadi, 2024; Yuliyanti & Rahayu, 2021).

Although various cooperative learning models have been shown to improve
engagement and achievement, studies specifically examining their impact on
mathematical critical thinking skills especially at the elementary level remain limited.
Existing literature tends to focus on outcomes such as motivation, participation, or
general academic performance rather than deeper cognitive processes such as analysis,
justification, and inference (Yasin et al, 2020; Sunyono et al, 2022). Even models like
Group Investigation and Make a Match, while beneficial, still show weaknesses in
individual accountability and depth of reasoning (Ariana, 2016). More recent studies also
highlight that elementary students require structured collaborative scaffolds to optimize
reasoning, as seen in research on Collaborative Learning and TPS-based cooperative
structures (Rosidah et al., 2022; Yani et al., 2023; Sejati & Widjajanti, 2024).

The Find Match in Group model, which integrates structured reasoning tasks with
investigation and card-matching activities requiring justification and explanation, has
conceptual potential to strengthen critical thinking. However, empirical evidence
assessing its effectiveness particularly at the elementary school level remains scarce. Most
existing cooperative learning studies do not specifically measure critical thinking
indicators, nor do they evaluate hybrid cooperative models that combine collaborative
investigation with individual analytical responsibility (Ridwanulloh et al, 2022; Bumi et
al, 2025: Usman et al, 2025). Recent findings on digital-assisted cooperative learning also
suggest that structured collaborative tasks can significantly enhance elementary
students’ reasoning abilities (JEMS, 2023), further indicating a need to examine hybrid
models like Find Match in Group more rigorously.

Therefore, this study fills a significant research gap by investigating the
effectiveness of the Find Match in Group model in improving the mathematical critical
thinking skills of fifth-grade students. This research provides new empirical evidence on
cooperative learning approaches specifically designed to develop early-stage critical
thinking in mathematics.

METHOD

This study employed a quasi-experimental method using a pretest-posttest
control group design. This design was selected because it allows a direct comparison
between the experimental group—taught using the Find Match in Group model—and the
control group, which received conventional instruction. The design is appropriate for
measuring changes in students’ mathematical critical-thinking skills before and after the
intervention.

The study was conducted at SDN Leuwinutug 04 with Grade V students as
participants. A purposive sampling technique was used to select two classes with
relatively similar characteristics. Class 5A, consisting of 30 students, served as the
experimental group, while Class 5B, with 31 students, served as the control group. Both
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classes shared comparable academic backgrounds and learning environments, making
them suitable for comparison.

The research instrument consisted of a mathematical critical-thinking test in the
form of open-ended items based on indicators adapted from Ennis. The test materials
focused on the topic of volume of three-dimensional shapes (cubes and rectangular
prisms). The assessed indicators included:

1. identifying and focusing on the problem;
2. defining terms and concepts;
3. selecting appropriate strategies or procedures for solving problems.

Two versions of the instrument were administered: a pretest to measure students’
initial critical-thinking abilities, and a posttest to measure their performance after the
intervention. In addition, Student Worksheets (LKPD) were used in the experimental class
to guide activities involving collaborative reasoning and problem solving.

The study was carried out over five instructional sessions. The procedures
consisted of the following stages:

1. Pretest

Both groups were administered a pretest to assess their initial mathematical

critical-thinking skills. The results showed that the two groups had comparable

baseline abilities.
2. Treatment
The experimental class received instruction using the Find Match in Group learning
model following its structured sequence:
forming student groups,
presenting objectives and problems,
guiding group discussion,
distributing question and answer cards,
having students collaboratively match cards,
facilitating presentations and justification of solutions.
Throughout the activities, students were encouraged to identify given information,
define mathematical concepts, choose appropriate strategies, justify their
reasoning, and communicate solutions. Meanwhile, the control class received
conventional instruction as typically implemented by the teacher.

3. Posttest
After the treatment phase, both groups completed a posttest to measure
improvement in their mathematical critical-thinking skills.

me a0 oW

Data were analyzed using both descriptive and inferential statistical techniques.
1. Descriptive Statistics
Descriptive analyses included the calculation of mean, median, mode, maximum
and minimum scores, range, variance, and standard deviation for pretest and
posttest results.
2. Normality Test
The Kolmogorov-Smirnov test was used to determine whether the data were
normally distributed.
3. Difference Test
a. If data were normally distributed — parametric t-test was applied.
b. If data were not normally distributed — nonparametric Mann-Whitney U
test was used.
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4. N-Gain Score
The normalized gain (n-gain) was calculated to measure the level of improvement
in each group. The n-gain results were further analyzed using the same inferential
procedures applied to the pretest and posttest scores.

These analytical procedures were used to determine whether the Find Match in
Group learning model produced a significantly greater improvement in mathematical
critical-thinking skills compared to conventional instruction. Procedures research can see
in Figure 1.

Research Design

» Quasi-Experimental Method
« Pretest-Posttest Control Group

L

Participants

¢ Grade V Students
» Class 5A (Experimental)
¢ Class 5B (Control)

!

¢ Mathematical Critical Thinking
Test

« Indicators based on Ennis

¢ Student Worksheets (LKPD)

!

Procedures

¢ Pretest
» Treatment - Find Match in Group
¢ Group Formation
¢ Problem Presentation
« Card Matching Collaboration
« Presentation & Justification
* Posttest

( T J

Data Analysis

Figure 1. Research Procedure
RESULTS AND DISCUSSION

Based on the research that has been conducted, research data in the form of pre-test
and post-test scores were obtained, which were then processed and analyzed to
determine the improvement in mathematical critical thinking skills. The results are
presented in Table 1.
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Table 1. Descriptive Statistics

Value Experiment Control N-Gain

Pre Test PostTest PreTest PostTest Experiment Control
Mean 0.767 43.233 1.419 54 54 42
Median 0 42 0 53 53 40
Modus 0 35 0 44 44 38
Maximum 7 58 12 73 73 76
Minimum 0 35 0 43 43 17
Range 7 23 12 30 30 60
Variance 3.220 48.323 101.978 79.787 79.787 179.365
Standard deviation 1.794 6.951 10.098 8.932 8.932 13.393

Based on Table 1, it can be seen that the pre-test scores in the experimental class
and the control class were different. The average pre-test score of the control class was
almost double that of the experimental class. The lowest score in both classes was 0, while
the highest score was different, with the control class scoring higher. However, many
students in both the experimental and control classes scored 0.

The post-test results for the experimental and control classes showed an
improvement. The average post-test score for the experimental class was 43.233, while
the average post-test score for the control class was 35.387. This shows that the average
scores for the two classes were different. The lowest scores obtained by both classes also
increased. The lowest score in the experimental class was 35, while the lowest score in
the control class was 15. However, the highest score in the control class was higher than
that in the experimental class, which was 61, while the highest score in the experimental
class was 58.

Furthermore, the data were analyzed for hypothesis testing using inferential
statistics, and the results are shown in Table 2.

Table 2. Inferential Statistics Results
Kolmogorov-Smirnov test

Pre Test Post Test N-Gain
Experiment Control Experiment Control Experiment Control
P value 0.00001 0.00004 0.49076 0.21081 0.36001 0.20988
a 0.05 0.05 0.05 0.05 0.05 0.05
Mann Whitney Test T-Test T-Test
P value 0.50926 0.00083 0.000607
a 0.05 0.05 0.05
Results Not Any Different Any Different Any Different

Based on Table 1, the pre-test, post-test, and n gain results were first tested for
normality using the Kolmogorov-Smirnov test. For the pre-test results of the experimental
class, a p-value of 0.00001 was obtained, which is smaller than ¢ = 0.05, indicating that
the data is not normally distributed. The control class pre-test results obtained a p-value
of 0.00004, which is smaller than a = 0.05, meaning that the data is not normally
distributed. Because both data sets are not normally distributed, we continued with the
Mann Whitney non-parametric test. From the Mann Whitney test analysis, a p-value of
0.50926 was obtained, which is greater than a = 0.05, meaning that there was no
difference in the average results of the pre-test for the experimental class and the control
class.

For the post-test results of the experimental class, a p-value of 0.49076 was
obtained, which is greater than @ = 0.05, indicating that the data is normally distributed.
The pre-test results of the control class obtained a p-value of 0.21081, which is greater
than a¢ = 0.05, indicating that the data is normally distributed. Since both data sets are
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normally distributed, the parametric t-test was used. From the t-test analysis, a p-value of
0.00083 was obtained, which is less than @ = 0.05, meaning that there is a difference in
the mean of the post-test results between the experimental class and the control class.

To see the increase in both classes, we continued with the calculation of n gain,
which will also be analyzed using Kolmogorov Smirnov. For the experimental class, the p-
value obtained was 0.36001, which is greater than a = 0.05, indicating that the data is
normally distributed. For the control class n gain, the p-value obtained was 0.20988,
which is greater than @ = 0.05, indicating that the data is normally distributed. Since both
data sets are normally distributed, we proceeded to use the parametric t-test statistic.
From the t-test analysis, a p-value of 0.000607 was obtained, which is smaller than a =
0.05, meaning that there is a difference in the increase in mathematical critical thinking
skills between the experimental class and the control class.

This study focused on the mathematical critical thinking skills of elementary school
students. This study was conducted in 5th grade over four meetings. In the first meeting,
the researcher first observed the class to determine the students' initial conditions in
learning, their learning styles, and their prior knowledge. The researcher also used this
opportunity to approach the students so that they would not be surprised when learning
with the researcher.

The second meeting began with a pre-test in the experimental and control classes,
followed by treatment in the experimental class, which consisted of mathematics learning
using the Find Match in Group learning model. Learning in the experimental class was
carried out based on the Find Match in Group learning syntax, in which students discussed
in groups to solve problems. They were given question cards and answer cards, and then
they had to find pairs within their groups and explain the solutions and answers to their
friends in the group.

At first, the students were confused because they were not used to group learning
in mathematics lessons. They also could not understand HOTS questions, whether it was
identifying known elements, defining terms, or determining solution strategies. At the
elementary school level, teachers need to put in extra effort to facilitate student
discussions because elementary school students cannot be left entirely to their own
devices to discuss. There must be guidance, stimulation, and motivation from the teacher
so that students dare to try to develop strategies to solve a problem.

In the first step of the Find Match in Group learning process, students were divided
into four groups, each of which was given the freedom to choose a learning topic.
However, to limit the scope and ensure focus on the material being taught, the researcher
provided several different problems that were still within the same context. During the
group discussion stage, there were obstacles in solving the problems, as students did not
fully understand the meaning of the problems because they were not familiar with HOTS
questions. The teacher's role here was to visit each group to facilitate and motivate
students to be brave in expressing their opinions and to be critical in solving problems. In
the third meeting, students became accustomed to identifying and understanding
problems, with the teacher's continued assistance. Students were also not shy about
asking questions. In the last meeting, students were able to identify known and unknown
elements just by listening to the teacher read a problem. There were also some students
who could answer orally but when asked to solve the problem according to the method
or strategy they mentioned in the Student Worksheet, they had difficulty because they did
not know what formula to use. At this stage, students began to actively ask each other
questions and express their opinions. This can be seen in Figure 2.
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Figure 2. Find Match in Group Learning Model Activity

When this learning model was first implemented, it took a long time for students
to complete their group assignments, which meant that the practice process using
question cards and answer cards could only be done once. Each group that had completed
the assigned problems was given several question and answer cards. Each student in the
group had to find a partner who matched the cards they had received. After finding a
partner, the pair had to understand and explain the solution to the problem. Pairs that
were correct had to present their solution to their groupmates. For the first meeting, the
researcher wrote the answers in detail on the answer cards, starting from the known
elements and questions to the final solution. This was done deliberately by the researcher
to attract the students' attention first. After the students find a partner, they discuss
whether their card pairs are correct or not. At this stage, all students are required to think
actively, because this is a collaboration between two people, but each person must be able
to analyze the cards they have obtained so that their card pairs are correct and they are
able to explain them to their friends in the group.

Students who have found a partner present their answers to their friends in their
group. This is to minimize students' lack of understanding of the question, because
presenting in front of a large group is considered less effective. In a large classroom,
children's voices may not be heard clearly, which will affect their presentation. In small
groups, students are more likely to ask questions if there is something they do not
understand, and students who already understand can become peer tutors for students
who do not understand.

The results indicate that the Find Match in Group model had a significant positive
effect on students’ mathematical critical thinking abilities. This improvement aligns with
prior findings showing that cooperative, inquiry-based, and problem-centered learning
approaches effectively promote higher-order thinking (Setyaningsih & Abadi, 2024;
Yuliyanti & Rahayu, 2021; Hidayat & Sariningsih, 2018). However, unlike conventional
cooperative learning structures, which often emphasize participation without requiring
explicit justification (Slavin, 2015; Johnson & Johnson, 2018), the Find Match in Group
model integrates card-matching activities that obligate students to articulate and defend
their reasoning. This structural emphasis on justified matching provides a cognitive
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novelty that has been scarcely examined in previous research on cooperative learning
(Rosidah et al., 2022; Sejati & Widjajanti, 2024).

Moreover, early classroom observations revealed that students were initially
unfamiliar with analyzing HOTS-type mathematical tasks a finding consistent with
national research showing persistent weaknesses in Indonesian students' reasoning,
conceptual analysis, and representational fluency (Irawan & Kencanawaty, 2017; Kartimi
et al, 2012; Nugraha et al., 2020). As the intervention progressed, students increasingly
demonstrated core indicators of critical thinking focusing on problems, defining terms,
and selecting appropriate strategies as described by Ennis (2011). This suggests that the
repeated structure of identifying, matching, and explaining concept relationships
functioned as a reasoning scaffold (Sweller, 2011; Kirschner et al., 2006), enabling more
systematic cognitive growth compared to conventional instruction.

The verbal justification phase in small groups also contributed substantially to
improved articulation and reasoning. This finding is in line with studies asserting that
opportunities for dialogic reasoning enhance mathematical argumentation (Yani et al,,
2023; Mercer & Littleton, 2007) and that structured peer explanation strengthens
conceptual understanding (Chi et al, 2018). The model’s emphasis on collaborative
justification addresses a frequently cited weakness in commonly used cooperative
learning models such as Group Investigation and Make a Match, where individual
accountability often remains low (Ariana, 2016; Gillies, 2016). The Find Match in Group
model therefore introduces a novel design element: blending individual responsibility
(through card-matching justification) with collaborative cognitive engagement.

The consistent pattern of improvement across pre-test, post-test, and N-gain
results also aligns with research demonstrating that cooperative learning models
incorporating structured reasoning tasks yield higher cognitive gains than unstructured
group work (Gillies, 2016; Webb et al., 2014). Recent digital-assisted cooperative learning
studies similarly emphasize that structured interaction improves reasoning quality
(JEMS, 2023; Sari & Lestari, 2022). Yet, prior work has rarely examined hybrid
cooperative models that combine matching tasks with conceptual justification—a gap
that the present study directly addresses.

Overall, the findings provide empirical evidence that the Find Match in Group
model offers an innovative and impactful learning alternative by integrating structured
reasoning, peer explanation, and accountability mechanisms. This research contributes
novelty by (1) evaluating a hybrid cooperative reasoning model not previously examined
at the elementary level, (2) highlighting justification-based card matching as a cognitive
scaffold, and (3) presenting empirical proof that such structured hybrid models
significantly enhance critical thinking in mathematics. These contributions extend the
existing literature on cooperative learning and provide a foundation for further
development of reasoning-oriented instructional models

CONCLUSIONS AND SUGGESTIONS

The findings of this study show that the Find Match in Group learning model is
effective in enhancing elementary students’ mathematical critical thinking skills. Students
in the experimental class demonstrated higher post-test and N-Gain scores than those in
the control class, indicating that structured collaboration, card-matching reasoning
activities, and opportunities to articulate solutions significantly contributed to their
cognitive development. The model also helped reduce students’ initial difficulties with
HOTS-type tasks through scaffolding and group discussion, demonstrating that this
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approach can serve as a meaningful alternative to conventional instruction for fostering
analytical and reflective thinking in mathematics.

Future research may expand the implementation of the Find Match in Group model
to different grade levels, mathematical topics, or broader cognitive domains such as
creative thinking or problem-solving. Researchers may also explore integrating this
model with digital tools or technology-assisted learning environments to determine
whether such combinations further enhance students’ engagement and reasoning.
Additionally, more rigorous designs such as randomized controlled trials or mixed-
method approaches may be employed to examine deeper aspects of student interaction,
reasoning processes, and long-term retention.
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