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Purpose of the study: This study aims to determine the effect of the Jigsaw type
cooperative learning model on students' chemistry learning outcomes on the
concept of reaction rate by comparing it with the expository learning method at
the high school level.

Methodology: Quasi-experimental method, Only Posttest Control Group
Design, purposive sampling technique, multiple-choice test instrument (22
questions), validity and reliability test using ANATES software, Liliefors
normality test, Fisher homogeneity test, and t-test statistical analysis at a
significance level of o = 0.05.

Main Findings: The average value of the experimental group (70.15) was
higher than the control group (57.87). The results of the statistical test showed
that teount = 4.47 was greater than tuble = 1.999, so there was a significant
difference. The Jigsaw Model was proven to improve student learning outcomes

on the concept of reaction rate.

Novelty/Originality of this study: This research focuses on the application of
the Jigsaw model to the under-researched concept of reaction rate. This study
provides empirical evidence of its effectiveness in chemistry learning and
enriches innovative learning strategies to enhance conceptual understanding and
student engagement.
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1. INTRODUCTION

Education is an important factor in improving the quality of human resources, especially in facing the
challenges of developments in science and technology [1], [2]. In the context of learning in schools, the success
of the educational process is largely determined by the effectiveness of the learning strategies and models used by
teachers [3], [4]. Learning chemistry as part of science is often considered difficult by students because it involves
abstract concepts and mathematical calculations [5], [6]. One of the most complex chemistry topics is the concept
of reaction rates, which requires a deep understanding of the factors that influence them. Therefore, innovations
in learning models are needed to improve student understanding and learning outcomes.

Student learning outcomes are an important indicator in assessing the success of the learning process that
has been carried out [7], [8]. However, in reality, many students still have difficulty understanding chemistry
concepts optimally. This is due to the use of learning methods that tend to be conventional and teacher-centered.
[9], [10]. Learning models such as lectures often make students less active and less involved in the learning process
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[11], [12]. This condition has an impact on low student learning outcomes, especially in material that requires
conceptual understanding such as reaction rates.

One alternative learning model that can be used to improve student learning outcomes is the cooperative
learning model [13], [14]. This model emphasizes cooperation between students in small groups to achieve shared
learning goals [15], [16]. Through social interaction and discussion, students can help each other understand
difficult material. Cooperative learning models can also improve students' communication and collaboration skills
[17], [18]. Thus, this model is considered capable of creating a more active and enjoyable learning atmosphere.

One type of cooperative learning model that is quite effective is the Jigsaw model [19], [20]. The Jigsaw
model requires students to become "experts" in a specific subtopic before sharing their knowledge with other group
members. This process encourages students to take greater responsibility for their own learning [21], [22].
Furthermore, students are trained to convey information clearly to their group mates. This mechanism is expected
to significantly improve students' understanding of the learning material [23], [24].

The application of the Jigsaw model to chemistry learning is expected to address various challenges faced
by students [25], [26]. This model allows students to actively engage in the learning process through discussion
and collaboration [27], [28]. In the reaction rate topic, students can exchange information about factors that
influence reaction speed. This can help students understand abstract concepts more concretely. Thus, the use of
the Jigsaw model has the potential to optimally improve student learning outcomes [29], [30].

Several previous studies have shown that the Jigsaw model has a positive influence on student learning
outcomes [19], [31]. However, most of these studies have focused on other subjects or different chemistry topics.
Furthermore, the implementation of the Jigsaw model on the concept of reaction rates has not been extensively
studied. This material is quite difficult and requires an appropriate learning approach. Therefore, further research
is needed to assess the effectiveness of the Jigsaw model on this topic.

Based on this description, there is a gap in research related to the application of the Jigsaw cooperative
learning model to the concept of reaction rates, which is still limited. This research has a novelty that lies in the
integration of the Jigsaw cooperative learning model with the conceptual characteristics of reaction rate material
in chemistry learning, which not only focuses on improving quantitative learning outcomes, but also on efforts to
strengthen students' conceptual understanding of abstract concepts. In contrast to previous studies that generally
examine the effectiveness of the Jigsaw model in general or on materials other than chemical kinetics, this study
specifically places the concept of reaction rate as a study context by considering the complexity of chemical
representations (macroscopic, microscopic, and symbolic) which are often a source of student learning difficulties.

In addition, this study contributes to examining how social interactions in cooperative learning can
facilitate the process of constructing chemical knowledge more meaningfully. The urgency of this research is based
on the still low understanding of chemical concepts by students due to the dominant use of conventional learning
methods that do not involve active student participation. Therefore, learning innovations are needed that not only
improve learning outcomes but also can help students build a deep understanding of concepts. Thus, this research
is important to be conducted as an effort to present alternative learning strategies that are more effective and
relevant in improving the quality of chemistry learning in schools. Therefore, this research is expected to provide
solutions to low student learning outcomes and serve as a reference for teachers in selecting appropriate learning
models.

2. RESEARCH METHOD
2.1. Type of Research

This study employed a quasi-experimental approach, a research method that does not fully meet all the
criteria for a pure experiment [32], [33]. This approach was applied to groups with relatively homogeneous
characteristics, then divided into two groups as the objects of observation. In this study, both groups were assumed
to have equal initial abilities, so any differences in results were more attributable to the treatment administered.
Thus, variations in the dependent variable can be interpreted as the impact of the treatment on the independent
variable, rather than differences in subject characteristics.

The first group in this study was treated with the Jigsaw cooperative learning model, while the second
group was treated using conventional learning with an expository method. The comparison between the two groups
aimed to determine the effectiveness of the applied learning model on student learning outcomes [34], [35]. The
research design used was a Only Posttest Control Group Design, a research design that uses only a final test to
measure the results of the treatment in each group.

Table 1. Research Design

Group Treatment Posttest
Experimental XE T
Control Xc T
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2.2. Population and Sample

A population is the entirety of the subjects focused on in a study. Population determination aims to
determine the sample size and limit the scope of generalization of research results [36], [37]. In this study, the
population was divided into two categories: the target population and the accessible population. The target
population included all eleventh-grade students at Nusa Putra Senior High School, Tangerang. Meanwhile, the
accessible population included all eleventh-grade students in the science program at the school.

The sample is a subset of the population selected to represent the entire research subject. The sampling
technique used in this study was purposive sampling, which involves selecting samples based on specific
considerations without using simple random sampling [38], [39]. The sample size was 80 students divided into
two classes. Class XI Science 1 was designated as the control class, while Class XI Science 2 was designated as
the experimental class.

2.3. Research Instruments

A research instrument is a tool used by researchers to obtain the necessary data. In this study, the
instrument used was a test. A test is a set of questions, exercises, or other tools designed to measure an individual's
or group's abilities, whether in terms of knowledge, skills, or intellectual abilities. Furthermore, a test can also be
understood as a systematic procedure for measuring and evaluating in education through the provision of tasks or
a series of instructions that must be completed by students to produce a specific score [40], [41]. The test instrument
used in this study aims to measure the cognitive aspects of student learning outcomes in the topic of reaction rates.
The test format used was multiple-choice with five answer alternatives. A total of 22 questions were designed to
assess students' comprehensive understanding of the concepts being studied.

2.4. Data Analysis Techniques

In this study, hypothesis testing was conducted using a t-test with a significance level of o = 0.05. Before
conducting the hypothesis test, prerequisite analysis tests were first conducted, namely the normality test and the
homogeneity test. These two tests aim to ensure that the data meets the assumptions required for using the t-test.
By meeting these assumptions, the analysis results are more valid and accountable. Therefore, this stage is a crucial
part of the quantitative research data analysis process.

The normality test is used to determine whether the sample data comes from a normally distributed
population [42], [43]. In this study, the normality test was conducted using the Liliefors method. The initial step
was to sort the data from smallest to largest, then calculate the standard score (Zi) for each data point. Next, the
probability value was determined based on the normal distribution table for each Zi and the cumulative proportion
was calculated. The difference between the theoretical probability value and the empirical proportion was then
calculated, and the maximum value of this difference was expressed as Lo.

The obtained Lo value was then compared with the Lpie value at a certain significance level. If the Lo
value was less than L, the data were considered normally distributed. Conversely, if L is greater than L, the
data is not normally distributed. Therefore, the results of this test serve as the basis for determining the type of
advanced statistical test to be used. The normality test ensures that the data meets the distribution assumptions
required in parametric analysis [44].

Next, a homogeneity test is conducted to determine whether the variances of the two data groups are
equal. The test used in this study is the Fisher exact test (F test) with a significance level of a = 0.05. The test is
performed by comparing the largest variance with the smallest variance of the two groups. The calculated Faie is
then compared with the Fpie to form the basis for decision-making. If the calculated F is smaller than the Fiape, the
two groups have homogeneous variances. Conversely, if the calculated Fyane is greater than the Fipie, the variances
of the two groups are considered non-homogeneous. The results of this homogeneity test are crucial in selecting
the t-test formula to be used. If the data are homogeneous, a t-test with combined variances is used. However, if
the data are not homogeneous, a t-test with separate variances is used. Therefore, a homogeneity test is a crucial
step before conducting a hypothesis test.

Hypothesis testing was conducted to determine whether there were significant differences between the
chemistry learning outcomes of students taught using the Jigsaw cooperative learning model and those taught using
the expository method. If the normality test results indicated a normal distribution between the two groups, the
analysis continued with a t-test. The t-test was conducted by comparing the average scores of the two groups based
on a formula consistent with homogeneity of variance. The calculated t-value was then compared with the t-table
at a significance level of a = 0.05.

The decision-making criteria in the hypothesis test were to accept Hy if the calculated t-value was less
than the t-table, indicating no significant difference between the two groups. Conversely, Hy was rejected if the
calculated t-value was greater than the t-table, indicating a significant difference between the learning outcomes
of the two groups. Thus, the results of this test will provide conclusions regarding the effect of the Jigsaw
cooperative learning model on student chemistry learning outcomes.
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3.  RESULTS AND DISCUSSION

Student learning outcomes in the cognitive aspect were determined based on the results of a 22-question
multiple-choice test administered after the lesson. This multiple-choice test instrument had previously been tested
for its validity and reliability in class XII Science 1 at Nusa Putra Senior High School, Tangerang. The items were
also tested for their difficulty level and discrimination power, making this instrument suitable for use in this study.

Table 1. Summary of Learning Outcome Scores for the Reaction Rate Concept in the Experimental Class and
Control Class

Data Experiment Control
N 40 40
Average 70.15 57.87
SD 12.17 12.8

Based on the research results, the average value of students' chemistry learning outcomes on the concept
of Reaction Rate was obtained, namely in the experiment of 70.15 while the control class was 57.87. This shows
that the average chemistry learning outcomes of students in the experimental class were greater than those in the
control class.

3.1. Normality Test

Before further data analysis, a normality test was conducted on the learning outcomes in both research
groups. This test aims to determine whether the data obtained follows a normal distribution or not. The criterion
used in this test is to compare the calculated Lyawe with the Liaple. Data are considered normally distributed if the
calculated Lyae is smaller than the Liupie at the specified significance and confidence levels. Conversely, if the
calculated Lyae is greater than the Lipie, then the data are not normally distributed.

Table 2. Normality Test Results

Statistics Experiment Control
N 40 40
X 70.15 57.87
SD 12.17 12.8
Lecount 0.089 0.1332
Ltable 0.14 0.14

Testing was carried out using the Liliefors test at a significance level of 95% (a = 0.05) for n = 40. From
the table, it can be concluded that both groups are normally distributed because they meet the criteria of Leount <
Ltable-

3.2. Homogeneity Test

After both research samples were declared normally distributed, the next step was to test for equality of
variance (homogeneity) using the two-variance homogeneity test. This test was conducted by comparing the
calculated Fyawe with the Fipie as the basis for decision-making. The criteria used were: Hy is accepted if the
calculated F is less than the Fpie, indicating that the data have homogeneous variance. Conversely, Hy is rejected
if the calculated F is greater than the Fipie, indicating that the data are not homogeneous.

Based on the calculation results, the variance values for each group were obtained: S12 = 163.8 and S22
= 148.1. From these two values, the calculated Fyaue was 1.10. This value was then compared with the Fiapiec of
1.735 at the 95% significance level (o = 0.05). Because the calculated F is less than the Fipie, it can be concluded
that the two groups have homogeneous variance. Thus, the data meets one of the requirements for hypothesis
testing using the t-test.

3.3. Hypothesis Testing

Hypothesis testing was conducted after the results of the normality and homogeneity tests showed that
both sample groups were normally distributed and had homogeneous variances. To test the null hypothesis (Ho),
which stated that there was no effect of the use of the Jigsaw cooperative learning model on students' chemistry
learning outcomes, a t-test was used at a significance level of a = 0.05. The testing criteria used were that Ho was
accepted if the teount value was smaller than tiple, and Ho was rejected if teount value was greater than tige.

Based on the calculation results, the tcount value was 4.47. Meanwhile, from the t-distribution table at a
significance level of a = 0.05, the tugle value is 1.999. Because the tcount value is greater than tigle, Ho is rejected.
This indicates that there is a significant influence of the use of the Jigsaw type cooperative learning model on
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students' chemistry learning outcomes. The comparison of the t-test results between the experimental group and
the control group can be seen in the following table.

Table 3. Results of the T-Test of Chemistry Learning Outcomes of Students in the Experimental Group and the
Control Group

Variables Number of teount  taple  Conclusion
Samples
Chemistry learning outcomes of students in the experimental 80 447 1999 Reject Ho

group and control group

Based on the table above, it is known that tcoun: = 4.47 with a significance level of o = 0.05, the tewpie is
1.999, 50 teount > tuble and rejects Ho. This means that there is a significant influence between students taught with
the Jigsaw type cooperative learning model in the experimental group and the Expository method in the control
group. Thus, the study can test the truth of the hypothesis, namely that in the application of the Jigsaw type
cooperative learning model there is a positive influence on chemistry learning outcomes. This fact is in accordance
with field conditions, namely the experimental class is quicker to understand the chemistry lesson material on the
concept of reaction rates.

The Jigsaw cooperative learning model is theoretically rooted in a social constructivist approach, which
emphasizes that knowledge is built through social interaction and collaboration between students [45], [46]. In the
context of chemistry learning, this approach is highly relevant because many chemical concepts, including reaction
rates, are abstract and require in-depth cognitive elaboration. Through the Jigsaw learning mechanism, students
not only passively receive information but also actively engage in the knowledge-building process through
discussions, exchange of ideas, and re-explaining concepts to their group mates. This process allows for a more
meaningful reconstruction of knowledge compared to teacher-centered learning.

The characteristics of reaction rate material, which involves concepts such as factors influencing reaction
speed, activation energy, and the relationships between chemical variables, require students to connect various
chemical representations: macroscopic, microscopic, and symbolic. In this regard, the Jigsaw model provides
space for students to study specific subconcepts in greater depth as "experts," then convey their understanding to
other group members. This process can help students organize information and integrate various chemical
representations, resulting in a more comprehensive understanding of the concept [47], [48]. Furthermore, mutual
teaching among students also has the potential to reduce misconceptions that often arise in chemical kinetics.

From a cognitive perspective, Jigsaw cooperative learning encourages elaboration, the process of
broadening and deepening understanding through explanation, argumentation, and discussion [49]. When students
explain a concept to a peer, they indirectly process information at a higher level, thereby strengthening their
cognitive structures. This activity aligns with the principle of "learning by teaching," which has been proven
effective in improving conceptual understanding. In chemistry learning, this strategy is crucial because students
often struggle to understand cause-and-effect relationships in chemical phenomena that cannot be directly
observed.

Beyond cognitive aspects, the Jigsaw model also contributes to improving students' social skills and
scientific communication. Learning chemistry requires not only conceptual mastery but also the ability to
communicate scientific ideas clearly and systematically [18], [50]. Through group discussions and presentations
among members, students are trained to convey their understanding using appropriate scientific language. This
interaction also allows for negotiation of meaning, where students can clarify misunderstandings through peer
feedback. Thus, learning becomes more interactive and student-centered.

The implementation of the Jigsaw model in chemistry learning can also be seen as an effort to create a
more active and participatory learning environment. Unlike expository methods, which tend to be one-way, this
model positions students as the primary subjects in the learning process. Active student involvement in each stage
of learning allows them to develop a sense of responsibility for their learning [51], [52]. This is crucial for
developing learning independence and increasing students' intrinsic motivation in learning chemistry.
Conceptually, the Jigsaw cooperative learning model has strong potential to support more meaningful chemistry
learning, particularly in abstract material such as reaction rates. The integration of collaborative activities,
cognitive elaboration processes, and social interaction makes this model a relevant alternative learning strategy for
improving the quality of chemistry learning at the secondary school level.

This research has significant implications for the development of chemistry learning, particularly in the
application of the Jigsaw cooperative learning model as an alternative, more active, student-centered learning
strategy. Pedagogically, the use of this model has the potential to encourage student engagement in the learning
process, improve scientific communication skills, and facilitate the construction of a more meaningful
understanding of chemical concepts, particularly in abstract material such as reaction rates. Furthermore, this
research provides practical contributions for chemistry teachers in designing more interactive and collaborative
learning and can serve as a reference in implementing learning approaches that support the development of 21st-
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century skills. Academically, the findings of this study enrich research in the field of chemistry education,
particularly regarding the effectiveness of cooperative learning models in improving the quality of learning on the
topic of chemical kinetics.

However, this study has several limitations that require consideration. First, the research design, which
used an Only Posttest Control Group Design, did not allow researchers to directly measure students' initial abilities,
so potential initial differences between groups could not be fully controlled for. Second, this study focused solely
on the cognitive aspect of learning outcomes, thus failing to examine other aspects such as qualitative conceptual
understanding, science process skills, or students' scientific attitudes in depth. Third, the study's limited scope,
limited to a single school with a limited sample size, limits the generalizability of the results to a broader context.
Furthermore, the implementation of the learning model is also influenced by external factors such as classroom
conditions, learning time, and the role of the teacher, which cannot be fully controlled. Therefore, future research
is recommended to use a more robust experimental design, involve a wider sample, and integrate various
assessment aspects to obtain a more comprehensive picture of the effectiveness of learning models in chemistry
education.

4. CONCLUSION

Based on the research results and data analysis presented in the previous chapter, several conclusions can
be drawn as follows. First, the average value of student learning outcomes in the experimental class was 70.15,
higher than the control class which obtained an average of 57.87. This shows that the application of the Jigsaw
type cooperative learning model provides better results for student chemistry learning achievement compared to
conventional learning methods. Second, based on the results of the hypothesis testing, the tcount value was 4.47,
while the tpie value at a significance level of 0.05 was 1.999. Because teount Was greater than tuge, the null hypothesis
(Ho) was rejected and the alternative hypothesis (Ha) was accepted. Thus, it can be concluded that the use of the
Jigsaw type cooperative learning model has a significant influence on students' chemistry learning outcomes,
especially on the material on reaction rates. Further research is also recommended to examine the influence of the
Jigsaw model on students' conceptual understanding using diagnostic instruments such as two-tier or three-tier
tests so that misconceptions can be identified in more depth.
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