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involving the experimental class of 21 students and the control class of 20 students. The
results of the data analysis using the Independent Samples T-Test showed a significance
value of 0.000, indicating a significant difference in achievement between the two groups.
The increase in conceptual understanding in the experimental class reached an N-gain score
of 0.76 (High category), surpassing that of the control class, which achieved 0.56 (Medium
category). The Jigsaw model is significantly more effective at improving students’ cognitive
quality than the conventional model, thanks to individual responsibility mechanisms and peer
tutoring. These findings contribute to the development of active learning strategies in
secondary schools. Recommendations for educators to integrate cooperative models to
overcome visualization barriers in complex mechanical concepts.
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INTRODUCTION The effectiveness of the Jigsaw model in
improving conceptual understanding is rooted in the theory
The Jigsaw cooperative learning model is of social development and task interdependence proposed
theoretically ~ designed to  improve  conceptual by its originator, Elliot Aronson (Johnson et al., 1984).
understanding through positive interdependence and Aronson asserted that Jigsaw creates a learning
individual accountability (Gallardo et al., 2003). The environment in which each student is the “key holder” of
Jigsaw model emphasizes personal responsibility, with information critical to their group’s success, thereby
each group member required to master their portion of the triggering intrinsic motivation to thoroughly understand the
material (Kahar et al., 2020; Ramadhanti et al., 2025). This material (Aronson, 2021; Slavin, 1991). This aligns with
individual workload is then reinforced through a peer Lev Vygotsky’s (1978) social constructivist principle of the
tutoring mechanism upon the individual’s return to the Zone of Proximal Development (ZPD), in which higher-
original group (Zahara et al.,, 2025). This peer-to-peer level conceptual understanding is more readily achieved
knowledge dissemination process not only helps students through interactions with peers who have slightly higher
who are struggling but also reinforces understanding for the levels of understanding (Gallardo et al., 2003; Newman &
students who are explaining (Indah & Hasanuddin, 2025; Holzman, 2013). Various empirical studies consistently
Slavin et al., 2003; Verawati et al., 2020). The structured show that the Jigsaw structure, which emphasizes
social interaction in Jigsaw changes the way information is independent and collective mastery of the material,
processed, from passive acceptance to active construction, produces higher conceptual understanding scores than
so that research questions regarding the model’s direct, teacher-centered learning models (Gillies &
effectiveness in addressing low conceptual understanding Ashman, 2003; Gultom & Bestari, 2025).
can be answered through systematic collaborative activities Low mastery of physics concepts at the secondary
(Marlina, 2025; Rukmini & Mafaza, 2022). level remains a crucial issue in Indonesian education
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(Safitri et al., 2020). Based on national assessment reports,
students’ average scientific literacy skills remain below the
minimum standard, particularly in the mechanics domain,
which requires abstract reasoning (Suparya et al., 2022).
This condition is reflected in the research location, where
initial observations indicated that fewer than 40% of
students could explain the physical phenomena underlying
the law of conservation of momentum. Group discussions
are often hampered when the material is abstract and
presented in only one mode of representation (text only)
(Gunawan et al., 2025; Qothrunnada et al., 2025). Students
in expert groups often struggle to explain physical
phenomena to their peers due to a lack of visual media or
diagrams to support their explanations (Amrullah et al.,
2025). As a result, conceptual understanding is often
procedural, relying on memorizing formulas rather than
addressing their physical essence (Ayu et al., 2021). This
gap indicates that the Jigsaw model requires additional
support in the form of varied information representations to
bridge the difficulties of visualizing complex physics
concepts (Ardiansah, 2025).

The novelty (state-of-the-art) of this research lies
in the Jigsaw model, which addresses the limitations of
representation in conventional physics learning. Unlike
previous studies such as those by Kahar et al. (2020),
Prasetyo et al. (2025), Rukmini & Mafaza (2022), and
many others, which generally only tested the effectiveness
of Jigsaw independently, this study synergizes the
collaborative power of Jigsaw with the use of various
representation modes such as graphs, diagrams, and visual
simulations during expert group discussions (Gunawan et
al., 2025). This learning approach is designed to
accommodate various learning styles and reduce students’
cognitive load when processing abstract information
(Naibaho & Wahyuni, 2024). Thus, this study aims to
empirically test the influence of Jigsaw’s social structure
and the richness of learning information as a more
comprehensive strategy in improving the quality of
students’ understanding of physics concepts.

MATERIALS AND METHODS

Time and Place

This research was conducted in the even semester
of the 2025/2026 academic year, specifically between
November and December 2025. The research location was
MA Nurul Iman, located in West Nusa Tenggara Province.
This location was selected based on population
characteristics relevant to the research problem.

Research Design

The method used in this study is quantitative and
quasi-experimental. The research design used is a
Nonequivalent Control Group Design, in which the
experimental and control groups are not selected randomly
but are drawn from existing classes at the school (Nasrudin,
2019). This design selection was based on practical
considerations in the field to avoid disrupting the structure
of the learning groups that have been formed, in accordance
with Sugiyono’s (2023) view that quasi-experiments are
very effective in educational research. However, the
researchers are aware of the potential for selection bias
from non-random assignment, which may affect internal
validity. To mitigate this, an initial ability equivalence test
was conducted through a pretest to ensure that both groups
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were at a comparable starting point before the intervention
was administered.

Population and Sample

The population in this study included all students
of class XI IPA at MA Nurul Iman, who were divided into
several parallel classes. The number of samples was 41
students, divided into two groups: class XI-A as the
experimental class and class XI-B as the control class. The
sampling technique was purposive sampling, namely,
selecting the sample based on certain considerations, such
as the equality of students’ initial abilities and
recommendations from physics teachers (Arikunto, 2019).
The research variables were the Jigsaw-type cooperative
learning model as the independent variable and students’
conceptual understanding of the collision material as the
dependent variable (Rasyid, 2022). Data collection was
carried out by providing objective test instruments in the
form of reasoned multiple-choice questions (two-tier
multiple-choice), while the tools and materials used
included the Lesson Implementation Plan (RPP), student
worksheets, and validated test instruments.

Research Procedure

The research procedure followed the stages
adapted from Gall et al. (2003), starting with a preparation
phase that included instrument validation and obtaining
research permits and informed consent from the school to
ensure research ethics. In the implementation phase, the
experimental class used the Jigsaw format with a strict time
allocation: 15 minutes for forming home groups, 30
minutes for in-depth discussions in the Expert Group to
dissect the collision sub-topic, and a 30-minute peer
tutoring session upon returning to the home groups. This
time allocation was crucial to prevent superficial
discussions and ensure maximum concept retention.
Meanwhile, the control class followed the conventional
model with the same total duration. The entire series
concluded with an evaluation phase through a posttest to
measure conceptual understanding in both groups.

Data Analysis Techniques

Data analysis was conducted using descriptive and
inferential statistics to prove the research hypothesis.
Analysis prerequisite tests included a normality test using
the Shapiro-Wilk method and a homogeneity of variance
test using Levene’s Test, conducted in SPSS. Hypothesis
testing was conducted through an Independent Sample T-
Test at a significance level of 5% (a=0.05) to determine
differences in conceptual understanding between groups
(Balaka, 2022). In addition, the effectiveness of increasing
conceptual understanding was measured using the
Normalized Gain (N-gain) formula with score
interpretation criteria according to Sugiyono (2023): g >
0.7 (high), 0.3 <g< 0.7 (medium), and g< 0.3(low) (Hake,
1998). All of these analysis procedures were supported by
standard references to ensure the validity of the findings.

RESULTS AND DISCUSSION

Result
Concept Understanding Data Description

Data on conceptual understanding of momentum
and impulse in physics were obtained from pretest and
posttest scores for both sample classes. Descriptive analysis
results showed that before the treatment, the experimental
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class had an average pretest score of 35.00 (SD =0.07), and
the control class had 34.50 (SD = 0.15). This small
difference in average scores indicates that both classes had
relatively equal initial abilities.

After the treatment, conceptual understanding
improved in both classes. However, the improvement in the
experimental class, which implemented the Jigsaw
cooperative model with a multi-representation approach,
was significantly greater than that in the control class,
which used the conventional model. This is evidenced by
the experimental class's average posttest score of 84.76,
compared with the control class's 71.50. The comparison of
average conceptual understanding scores between the two
classes is shown in Figure 1.
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Figure 1. Comparison Graph of Average Pretest and Posttest
Scores for Concept Understanding
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The data show that the experimental class
experienced greater improvement than the control class.
This indicates that the Jigsaw model intervention made a
greater positive contribution to strengthening students’
cognitive construction of abstract physics concepts.

Analysis Prerequisite

Before testing the hypotheses, the research data
were first assessed for prerequisites, including normality
and homogeneity of variance.

1. Normality Test

The normality test assesses whether the distribution
of conceptual understanding data is normal, a primary
requirement for using parametric statistics. This test was
conducted using the Shapiro-Wilk test, given that the
number of research samples per group was less than 50
respondents (Julhadi et al., 2021). Based on the analysis
results in Table 1, the significance values (Sig.) for the
pretest and posttest data in the experimental class were
0.071 and 0.155, respectively (Sig. > 0.05). Meanwhile, in
the control class, the significance values for the pretest and
posttest were 0.145 and 0.233 (Sig. > 0.05). Based on these
testing criteria, it can be concluded that all conceptual
understanding data, both in the experimental and control
groups, were normally distributed.

Tabel 1. Results of the Data Normality Test for Conceptual

Understanding
Class Data Sig. Description
Eksperimen Pretest 0.071 Normal
Eksperimen Posttest 0.155 Normal
Kontrol Pretest 0.145 Normal
Kontrol Posttest 0.233 Normal
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2. Homogeneity Test

The homogeneity test was conducted using
Levene’s Test to ensure that the variances of the two groups
were equal (homogeneous) (Sugiyono, 2023). Based on the
data analysis in Table 2, the significance value (Sig.) for the
conceptual understanding variable was 0.125. Because this
value is greater than 0.05, the conceptual understanding
data from the experimental and control classes have
homogeneous variances. The fulfillment of the assumptions
of normality and homogeneity provides a strong foundation
for proceeding with the data analysis to the hypothesis-
testing stage using parametric statistics, specifically the
Independent Samples T-Test (Rasyid, 2022).

Tabel 2. Results of the Data Homogeneity Test for Conceptual

Understanding

Variable Sig. Description
Conceptual 0.125 Homogen
Understanding

Hpypothesis Testing

Hypothesis testing was conducted to determine the
effect of implementing the Jigsaw cooperative learning
model on students’ conceptual understanding of collisions.
This testing was conducted by comparing posttest scores
between the experimental and control classes using an
Independent Sample T-Test (Maulida et al., 2024). The
decision-making criteria were based on a significance value
(Sig. 2-tailed) <0.05 to reject HO.

Based on the data analysis results in Table 3, the
calculated t-value was 4.739, with a significance (Sig., 2-
tailed) of 0.000. Since 0.000 < 0.05, according to the
decision-making criteria, HO is rejected, and Ha is
accepted. These findings empirically demonstrate a
significant effect of implementing the Jigsaw cooperative
learning model on students’ understanding of physics
concepts in grade 11 at MA Nurul Iman. This significant
difference in achievement indicates that the Jigsaw model
is more effective at improving conceptual understanding
than conventional learning models in collisions.

Tabel 3 Results of Independent Sample T-Test Analysis
Sig. (2-tailed)

Variabel t df
Conceptual 0.000
Understanding 4.739 39

Normalized Gain Test

The Normalized Gain (N-gain) score analysis was
used to measure the treatment’s effectiveness in improving
students’ conceptual understanding from pretest to posttest
(Sugiyono, 2023). The analysis results showed that the
experimental class using the Jigsaw model improved to the
High category, while the control class using the
conventional model improved to the Medium category. A
comparison of the two models' effectiveness is shown in
Table 4.

Tabel 4 N-gain Score

Group Scor N-gain Category
Eksperimen 0.76 High
Control 0.56 Medium
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Discussion

The findings of this study confirm that
implementing the Jigsaw cooperative learning model
significantly improved students’ understanding of physics
concepts related to collisions. This is evident from the
results of the hypothesis test, which showed a significance
value of 0.000, indicating a significant difference in
achievement between the experimental and control classes.
This phenomenon indicates that the social structure of the
Jigsaw model creates a more effective learning ecosystem
for analyzing complex physics material compared to
conventional learning models, which tend to be passive.

The significant increase in understanding in the
experimental class was substantially driven by the
mechanisms of individual responsibility and positive
interdependence within the group. In collisions, students
often focus solely on memorizing the formula for the law
of conservation of momentum without understanding the
underlying physics, such as the distinct characteristics of
perfectly elastic, partially elastic, and completely inelastic
collisions. Through the Jigsaw model, these concepts are
broken down into specific subtopics, which are discussed
in depth during the "Expert Group" phase. This process
facilitates stronger information encoding because students
are required to thoroughly master the material so they can
transfer that knowledge to their peers in their original
groups.

Theoretically, the excellence of the experimental
class stems from the intensive activities during the "Expert
Group" phase. Consistent with research by Wirandini et al.
(2024), at this stage, students not only understand the
material independently but also assume responsibility for
communicating it to their peers. The demand to become
"teachers" for their peers (peer teaching) forces students to
undergo profound cognitive reorganization. This aligns
with findings that active learning is effective at increasing
cognitive focus and engagement, ultimately resulting in
better learning outcomes than simply listening to a one-way
explanation from a teacher.

Furthermore, the Jigsaw model is a key instrument
in bridging the abstract nature of physics through structured
discussions. In this study, collision concepts involving the
variables of velocity, mass, and coefficient of restitution
were elaborated through more flexible interactions between
students. This success is also supported by the efficient time
management of the Jigsaw syntax, which allocates a greater
portion of time to the discussion phase to maximize
memory reinforcement and concept clarification. This
proportional allocation of time prevents discussions from
becoming superficial, resulting in a stronger and more
lasting understanding.

The social interactions that develop during group
discussions play a crucial role in building conceptual
understanding. Jigsaw creates a learning environment in
which each group member plays a vital role in the group's
collective success (Prasetyo et al., 2025). Philosophically,
this process aligns with social constructivism theory, which
emphasizes that the meaning of knowledge is constructed
through social negotiation (lhsan & Artika, 2025).
Therefore, the Jigsaw model is not simply a method for
dividing tasks, but rather a strategy that encourages
students’ active involvement in constructing their own
knowledge, thus minimizing the communication barriers
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often encountered in conventional methods and deepening
conceptual mastery.

Although this study shows significant results,
several limitations warrant consideration. First, the use of a
nonequivalent control group design (quasi-experimental)
carries the risk of selection bias because subjects were not
randomly selected, and uncontrolled external variables
could influence the results. Second, the scope of this study
remains limited to one school (MA Nurul Iman) with a
relatively small sample size (n=41), so generalizing the
results to a broader population requires caution.
Furthermore, the focus of this study is limited to collision
materials; the effectiveness of the Jigsaw model may yield
different results when applied to physics materials with
distinct cognitive characteristics. The final limitation
concerns time management, as the Jigsaw syntax requires
very strict time allocations to prevent expert group
discussions from becoming superficial or rushed.

CONCLUSION

Based on the data analysis and discussion, it can
be concluded that the implementation of the Jigsaw
cooperative learning model significantly improved
eleventh-grade students' understanding of physics concepts
on collisions at MA Nurul Iman. This was demonstrated
using an Independent Samples T-Test, which yielded a 2-
tailed significance (Sig.) of 0.000, well below the
significance level of 0.05. This superiority was further
confirmed by the experimental class’s N-gain score of 0.76,
which falls into the High category, significantly surpassing
the control class’s score of 0.56, which falls into the
Medium category. Intensive activities in the "Expert
Group" phase and the peer tutoring mechanism proved
effective in facilitating students’ deeper understanding of
abstract concepts, such as the law of conservation of
momentum and the characteristics of various types of
collisions. This improvement confirms that the
collaborative synergy in the Jigsaw model is more effective
at improving students’ cognitive quality than conventional
learning methods. Based on the findings of this study, it is
recommended that physics teachers begin optimizing the
use of cooperative learning models, particularly the Jigsaw
model, in delivering material with high variable complexity
to encourage students to be more actively involved in
concept discovery. Future researchers are advised to
expand the scope of their research to different physics
materials or combine the Jigsaw model with other cognitive
variables, such as critical thinking skills or student
creativity. Furthermore, educators should carefully
consider time management when assigning expert groups
to ensure that all stages of the Jigsaw syntax can be
implemented thoroughly and optimally within the limited
class time.
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