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 The learning of high school chemistry is divided into two phases, E 
and F. One of the materials in phase E that is difficult for students to 
understand is atomic structure. The objective of this study is to 
ascertain the impact of cooperative learning on students' 
comprehension. The comprehension of learners can be gauged by the 
outcomes of their learning during cooperative learning. The research 
was conducted at SMA Negeri 15, Semarang City, Central Java on 10 
February 2024. The subject of the research was the entire X2 class of 
SMAN 15 Semarang in the academic year 2023-2024, comprising 36 
students: 18 male and 18 female.  The study employed a one-group 
pretest-posttest design. The objective of this study was to assess the 
impact of cooperative learning on students' learning outcomes. The 
study comprised three stages: a pre-test, a treatment period, and a 
post-test. The students' scores on the pretest ranged from 40.00 to 
75.00, while their scores on the posttest ranged from 60.00 to 90.00. 
The values obtained from the pre-test and post-test were added to the 
data set and analysed using the normalised gain (N-Gain) test. The 
N-Gain test results indicated a value of 0.48, which signifies that the 
students' perception of their understanding of chemical concepts 
increased when they were taught using a cooperative learning model. 
Consequently, the endeavour to enhance students' comprehension of 
chemical concepts pertaining to atomic structure through the 
utilisation of a cooperative learning model was a resounding success. 
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INTRODUCTION  
The development of a country is contingent upon the advancement of education. The Indonesian 
government is committed to the realisation of national education, as evidenced by the enactment of 
Law No. 20 of 2003. This legislation elucidates that education is an endeavour to cultivate an 
ambience conducive to learning, whereby students may become active and develop in the 
improvement of their personalities, intellects, moralities, and the skills necessary for themselves, 
society, the nation, and the state (Apriakanti et al., 2020). The existence of curriculum changes set 
by the government is one of the policies in achieving national education goals (Prasetyawati, 2021). 
The curriculum currently in place is the independent curriculum. 

https://creativecommons.org/licenses/by-nc/4.0/
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 The implementation of an independent curriculum in Indonesia through the Merdeka 
Curriculum demonstrates both differences and similarities with other countries. Indonesia places a 
strong emphasis on flexibility for schools and teachers, although the implementation of this 
approach is still in its early stages. Finland has long been characterised by a highly autonomous 
system, which places a high degree of trust in the professionalism of teachers. The Australian 
approach utilises a national curriculum as a framework, with the autonomy of schools in its 
implementation.  

This is supported by an established teacher development system. Singapore combines a 
robust national curriculum with initiatives designed to enhance flexibility, such as "Teach Less, 
Learn More". The primary distinction lies in the degree of implementation maturity, with Finland 
and Australia having a longer history of experience, while Indonesia is still in the process of 
adapting. Factors such as cultural context, educational resources, and teacher support systems also 
influence variations in implementation across countries (O.E.C.D., 2020; Sahlberg, 2021). 
 Pedagogically, the independent curriculum requires a student-centred learning 
environment, with teachers and students as subjects in the learning system (Sartini & Mulyono, 
2022). This requires collaboration between students and teachers in the learning process to seek 
truth or knowledge so that learning is more meaningfull (Wahyuni et al., 2024). The demands of 
the independent curriculum can be carried out well with the help of an appropriate learning model 
design (Soim Daimah, 2023). A review of international case studies on collaborative-based 
curriculum models reveals a range of outcomes. The Japanese "Lesson Study" initiative led to 
improvements in teaching quality, although it encountered time constraints. The Netherlands' 
"Design-Based Education" was observed to enhance student engagement while maintaining a 
balance between autonomy and the maintenance of standards.  

The competency-based approach developed in New Zealand facilitated the acquisition of 
21st-century skills, although it encountered challenges in relation to the complexity of assessment 
procedures. The "Teach Less, Learn More" approach adopted in Singapore has been successful in 
increasing flexibility while maintaining high standards. Despite achieving high student 
performance, Finland's collaborative model encountered consistency challenges across 
autonomous schools. These examples demonstrate that the successful implementation of such 
approaches depends on the provision of systemic support, professional development, and cultural 
adaptation.  

The most common challenges encountered include those related to time management, 
maintaining standards, and developing appropriate assessments. These experiences offer valuable 
insights for countries implementing similar models (Darling & Dannels, 2003; O.E.C.D., 2020; 
Sahlberg, 2021). Cooperative learning is a model that is in line with the demands of the 
independent curriculum, this model involves students in learning activities, students can find 
knowledge (Herianto et al., 2021). 
 The field of cooperative learning has become an important and fruitful area of educational 
philosophy, application, and practice. In this teaching method, teachers divide students into small 
groups who work together and support each other in learning academic material and achieving 
common goals. From a theoretical perspective, it is clear that cooperative efforts are necessary to 
achieve optimal academic outcomes, including academic achievement, academic retention, and 
many other important educational outcomes (Simesso et al., 2024). 

The cooperative learning model is appropriate when applied to chemistry learning. 
Cooperative learning can improve students' academic achievement compared to conventional 
teaching methods (Sibomana et al., 2021). chemistry is included in the science family that studies 
the interaction, structure and properties of a material (Herianto et al., 2021). Chemistry learning 
requires students to learn to find problems, make hypotheses, design simple experiments, analyse 
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data, draw conclusions, and convey the results of experiments in writing or orally (Sibomana et al., 
2021). 

Theories of motivation in cooperative learning place significant emphasis on the role of 
goals and rewards, as well as the systems through which they are distributed. One of the 
fundamental principles of cooperative learning is that of positive interdependence. This concept 
postulates that learners believe their success or failure is contingent upon their ability to work 
collectively as a group. Consequently, from a motivational perspective, cooperative goal 
agreements facilitate the achievement of individual goals by team members.  

The achievement of individual goals by team members is contingent upon the success of 
the team as a whole. It is the responsibility of learners to motivate others to undertake any 
necessary tasks to ensure the success of the team and to provide support to their colleagues when 
conducting group activities. This is the only means by which they can achieve their own goals. 
Two theories that are particularly pertinent to the context of cooperative learning are the 
developmental model of cognition and the elaboration model. 
 In the independent curriculum, chemistry learning in high school is divided into stage E 
(grade X) and stage F (grade XI and XII) (Sumiarti, 2021). Phase E contains basic material that 
students need to acquire to study chemistry in more detail in Phase E (Yulianti & Haris, 2015). One 
of the chemistry learning materials in Phase E that is difficult for students to understand is Atomic 
Structure. The use of appropriate teaching materials or learning activities is a solution to overcome 
this problem (Santoso et al., 2099). 
 A grasp of the fundamental concepts of chemistry, in particular atomic structure, is of 
paramount importance in an independent curriculum, as it provides the basis for more advanced 
topics and cultivates critical thinking skills (Chang & Goldsby, 2016). This knowledge enhances 
scientific literacy, which is of great importance in our technology-driven world, and enables 
interdisciplinary connections with physics and biology (Tro, 2020)t. Mastering atomic structure 
develops problem-solving abilities and supports self-directed learning, which are valuable in many 
fields beyond chemistry (Zumdahl & Zumdahl, 2018). By focusing on these fundamental concepts, 
students develop a robust foundation for independent study and gain the capacity to comprehend 
more intricate chemical processes, ultimately equipping them for advanced coursework or real-
world applications. 
 Understanding is a process of creating meaning from what is previously known, then 
connecting the new information with students' existing thoughts (Wahyuni et al., 2024) Indicators 
of student understanding include cognitive objectives such as interpreting, illustrating or giving an 
example, classifying, summarising, drawing conclusions, comparing, and explaining (Redhana, 
2019). In other words, understanding is the ability to construct meaning, connect new information 
and integrate new knowledge based on the knowledge that students have in their own way. 
 Concept understanding is something very important because with good mastery of 
concepts will make it easier for students to learn chemistry. If students have difficulty and do not 
understand basic concepts, then students will have difficulty understanding the concept of the next 
concept. This is in accordance with the opinion of Sastrawijaya (1988) which suggests that concepts 
in chemistry are concepts that are tiered from simple concepts to higher level. To understand the 
concept higher level concepts need correct understanding of the basic concepts that make up that 
concept 
 The above problems form the basis of the importance of this research. This study aims to 
evaluate the impact of cooperative learning on students' understanding of atomic structure, with a 
focus on improving learning outcomes as an indicator of success. Through a pre-test and post-test 
approach, this study seeks to provide insight into the potential of cooperative learning in 
improving the understanding of challenging chemistry concepts for high school students. 
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RESEARCH METHODOLOGY  

The location of this research was at SMA Negeri 15 Semarang City, Central Java. The research was 
conducted on 10 February 2024. The research subjects were all X2 class of SMAN 15 Semarang in 
the academic year 2023-2024 as many as 36 students, consisting of 18 male students and 18 female 
students. 

The research design used in this study was One-group pretest-posttest design. This design 
is used to determine the effect of independent variable (independent variable) cooperative learning 
on dependent variable (dependent variable) learning outcomes without looking at the control 
group (Knapp, 2016). The stages in this study are the research subject group measured the level of 
understanding before and after treatment. Measurement before treatment (O1) is called pretest, 
while measurement after treatment (O2) is called postest (Meltzer, 2002). 
 
O1 X  O2 

 

Description: 
O1 = pretest  
X = cooperative learning 
O2 = postest  

The stages carried out in this study can be seen in the figure below: 
 

 
Figure 1. slow chart of the study 

 
The data in this study were analysed using quantitative descriptive data analysis 

techniques. To analyse the completeness of the learning process, it is done by calculating the scores 
obtained by students on the answers to the questions given (Suyati & Ani Sutiani, 2018). To see the 
effect of giving treatment in the form of a cooperative learning model, N-Gain testing was carried 
out on the pretest-posttest test results using multiple choice questions. Students are said to have 
met the criteria for completion if they achieve sufficient learning completeness (score ≥ 70) 
(Falentina et al., 2022). 
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Table 1.  Table of results completeness criteria 
Score Criteria 

90≤X<100 Very Good 
80≤X<90 Good 
70≤X<80 Fair 
45≤X<70 Less 
0≤X<45 Very Poor 

Description: 
X = Students score 

The effect of providing treatment on student learning outcomes was analysed through the 
normalised gain (N-Gain) test of the pretest-posttest average value. Determination of the N-Gain 
value using the formula according to (Meltzer, 2002; Wahyuni, 2021), namely: 

Y =  

Description: 
Y = N-Gain value 
Spost= Average of posttest score 
Spret= Average of pretest score 
Smax= Maximum score 
 The criteria for increasing the N-Gain value are shown in the following table 
 

Table 2. N-gain criteria 
N-Gain value Criteria 

0,70≤ y < 1,00 High 
0,30≤ y < 0,70 Medium 
0,00≤ y < 0,30 Low 

 

RESULTS AND DISCUSSIONS  
Cooperative learning is group learning that requires cooperation between group members to 
complete individual and group tasks given by the teacher. It is necessary to improve students' 
performance in participating in learning activities and foster an attitude of mutual cooperation in 
students' social behaviour. Cooperative learning is incomplete if one of the group members does 
not master the proposed learning material (Prasetyawati, 2021). 

The results of group discussions are presented to other groups to be read and responded 
to. In understanding the material provided by the teacher, each group member must help each 
other by explaining to each other, because this greatly affects the mastery of the material. In 
addition, it also affects the improvement of student academic achievement. 

Student learning outcomes in the study were obtained from test scores conducted to all 
students through pretest and posttest. This study analysed the results of the pretest and posttest to 
determine the improvement of students' understanding. The pretest questions were given before 
the implementation of cooperative learning and posttest questions after the application of 
cooperative learning models for learning chemical atomic structure. To find out the effect of 
cooperative learning, the results of the pretest and posttest scores were tabulated before the N-Gain 
test (Delina & Refelita, 2021). Tabulation of research data as follows 

 
Table 3. Recapitulation of pretest and postest scores 

Data distribution Pretest score Posttest score 

Lowest value 40,00 50,00 
Highest value 75,00 90,00 
Mean Average 55,16 69,67 
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Table 3. above shows that the lowest pretest score is 40.00 and the highest score is 75.00, 
then the lowest posttest score is 60.00 and the highest score is 90.00. This value shows that the 
learning treatment using the cooperative learning model can improve students' concept 
understanding. According to (Rostika, 2020), the cause of low student learning outcomes is 
ineffective classroom learning methods, one of which is a teacher-centred learning model. This is 
the cause of low student learning outcomes because students become passive in class.  

This learning will facilitate the creation of a more extensive interaction between teachers 
and students, as well as between students and students and students and teachers (multi-way 
traffic communication). In co-operative learning, the teacher acts as a facilitator who serves as a 
bridge to higher understanding, with the students' own notes. The teacher does not just give 
knowledge to the student, but must build it in their mind as well. Students have the chance to gain 
practical experience in putting their ideas into practice. This presents an opportunity for students 
to apply their own ideas and engage in a more active learning process.  

Student learning outcomes have increased after being given treatment in learning 
activities. The increase in student understanding can be seen in the average posttest score obtained. 
The criteria for the magnitude of the effect of the treatment of cooperative learning learning models 
on student understanding can be done through the acquisition of N-Gain values from the analysis 
of student pretest and posttest scores. The results of the N-Gain test are as follows: 

 
Table 4. N-Gain test results 

Average pretest score Average posttest score N-Gain 
Value 

category 

55,16 69,67 0,48 medium 

 
The N-Gain test results showed a value of 0.48 with moderate gain criteria. According to 

(Surip, 2023), with the implementation of collaborative learning, students not only listen, but 
participate in the exchange of ideas and thoughts. With the increase in student achievement, 
students' attitudes and characters improve in every learning experience.  

Another factor that causes increased learning outcomes is adequate resources to support 
learning activities in the classroom. In line with what was conveyed by (Martha, 2022) that 
inadequate classroom conditions, irregular arrangements, and the availability of inadequate 
facilities hinder learning. On the other hand, a good classroom allows learning to succeed. This 
opinion shows that good classroom conditions will create a good classroom atmosphere because it 
produces learning outcomes for students. 

(Slavin, 2011)revealed that constructivism learning can be carried out by using a 
cooperative learning model, meaning that in learning techniques with this method students 
actively construct their own knowledge by using existing knowledge.  

The interaction between students who apply this cooperative learning method can make 
students quickly understand and analyse the material discussed. With the help of explanations 
from smarter friends, students who experience delays in assimilating information will more 
quickly understand the material provided. In addition, students are taught to listen and respect 
other people's opinions. The application of this method allows intelligent students to develop 
characters such as tolerance, caring, responsibility and train their communication skills. 

The cooperative learning model in science and chemistry learning has a great impact on 
students influence on students. The purpose of co-operative learning is different from conventional 
learning which applies competition system. Creating individuals with personalities and a sense of 
responsibility as well as building positive interactions is the essence of cooperative learning. and 
sense of responsibility as well as building positive interactions are the essence of the goal of 
cooperative learning (Triani et al., 2023). Cooperative learning provides many opportunities for 
learners to communicate and interact with other learners who come from diverse backgrounds, so 
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that learners become backgrounds, so that learners become active and produce reciprocity, which 
in turn leads to more positive interactions, positive on learning outcomes and learner responses. 
Whereas conventional learning is mostly conducted in one direction, namely the teacher as the 
centre of learning, so that students only receive material without playing an active role in the 
learning process. receive material without playing an active role in the learning process.  

Through cooperative learning, students will build a sense of positive dependence, caring 
and acceptance of their friends' backgrounds in the learning process. and acceptance of their 
friends' backgrounds in the learning process, so that the learning objectives will be easier to 
achieve. will be easier to achieve. The results of this analysis research show that the treatment of 
co-operative learning models is more effective. the use of co-operative learning model is more 
effective than the use of conventional learning model. conventional learning model. This finding is 
in line with the results of meta-analysis research conducted by (Zorlu & Sezek, 2020), the overall 
average effect of the application of constructivism-based learning on based learning on 
constructivism in science-physics materials can improve learning outcomes and student responses.  

Overall, the use of the cooperative learning model has achieved a high mean value of 
influence. These results indicate that the use of the cooperative learning model has an impact on 
improving students' understanding. This is in line with Johnson et al's 1981 meta-analysis research 
on cooperative learning models. The result is that the cooperative learning model provides higher 
achievement and productivity than competitive and individualistic learning. Cooperative learning 
is one of the best means of positively the classroom climate and motivate learning, thereby 
increasing positive attitudes and deeper self-esteem, encouraging higher achievement and 
developing collaborative skills. 

CONCLUSION  
The increase in student understanding through cooperative learning model learning has an N-Gain 
test value of 0.48 with the criteria for a moderate level of improvement by Meltzer about N-Gain 
test value. The study's findings indicate that the utilization of a cooperative learning model had a 
positive impact on high school students' comprehension of atomic structure in chemistry, as 
evidenced by the significant increase in their perception of understanding chemical concepts. This 
suggests that cooperative learning can be an effective method for addressing the challenges 
students face in comprehending complex topics.  
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