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Abstract 
 
The implementation of the Merdeka curriculum as 
an effort to improve the quality of education focuses 
on 21st-century skills, including critical thinking 
skills, which are essential for problem-solving. 
Evidence indicates junior high school students 
exhibit low problem-solving and cognitive ability. 
This study aims to analyze the differences and levels 
of problem-solving ability and cognitive outcomes 
in science after implementing a Problem-Based 
Learning model supported by Peer Tutoring. This 
quasi-experimental research used a non-equivalent 
control group design at Semarang State Junior High 
School 8, with cluster random sampling. Data were 
gathered through observation, test, and 
documentation. The research results showed a 
significant improvement in problem-solving ability 
and cognitive outcomes in science after 
implementing the Problem-Based Learning (PBL) 
model with Peer Tutoring. This is evidenced by the 
results of an independent t-test, which found that 
tcount was greater than ttable. The average posttest 
problem-solving score in the experimental class was 
higher (80.8) than in the control class (70.7). 
Similarly, the average posttest score for cognitive 
learning outcomes in science in the experimental 
class was higher (81.6) than in the control class 
(74.4). Analysis of problem-solving ability level and 
cognitive learning outcomes level showed an 
increase in the number of students in each 
indicator's good and very good criteria. 

 

 
 ©2026 Universitas Negeri Semarang 

ISSN 2775-2518 

 

 

mailto:nabilah31@students.unnes.ac.id


 
 

 
Nabilah, et al. / Journal of Environmental and Science Education 6 (1) 2026 

 
 
   

 

15 

 

INTRODUCTION 
 

Education in Indonesia continues to 
adapt to develop competencies relevant to 
the times by implementing an independent 
curriculum. One of the Independent 
Curriculum's main focuses is improving 21st-
century skills, including communication, 
collaboration, critical thinking, and creativity 
(Erdoğan, 2019). Critical thinking skills are 
important in improving problem-solving 
abilities because logical and analytical 
thinking help find effective solutions to 
problems. Problem-solving skills are 
important because every human being is 
inevitably faced with problems. Problem-
solving can be trained through science 
learning, where problem-solving skills 
provide direct experience to students to 
improve their ability to construct, 
understand, and apply the concepts they 
have learned (Sumiantari et al., 2019). 
Lamalani et al. (2025) stated that problem 
solving generally uses the final results of 
students' calculations and the steps students 
take to find those results. According to Polya 
(1973), there are four indicators in problem 
solving: understanding the problem, 
planning the solution, implementing the 
plan, and reviewing the process and result.  

Based on interviews with science 
teachers at Semarang state Junior High 
School 8, it was found that the types of 
questions presented did not lead to detailed 
answers from students in accordance with 
the stages of problem solving. Preliminary 
research was conducted to determine the 
initial problem-solving abilities by giving 
students questions with problem-solving 
indicators, and the preliminary research 
results showed that most of the problem-
solving abilities were at an adequate level, and 
25% of students had poor problem-solving 
abilities. In addition, based on direct 
observation in the classroom, students 
tended to be passive in analyzing problems, 
expressing opinions, or asking questions, and 
only relied on their friends during learning 
activities. The low problem-solving skills were 
also evidenced by students' low scores on the 

TIMSS (Trends International Mathematics 
and Science Study) test, which scored 397 out 
of an international average score of 500 
(Hamzah, 2023). In the 2022 PISA results, 
Indonesia scored 366 out of a global average 
of 472. Based on this score, Indonesia still 
ranks low. 

Pradestya et al. (2019) revealed that 
cognitive abilities influence problem-solving 
skills. Completing the stages of problem-
solving requires appropriate cognitive 
abilities. Good cognitive abilities directly 
impact the improvement of cognitive 
learning outcomes. From the data on the Final 
Semester Summative Assessment (ASAS) 
scores for Grade VII at Semarang state Junior 
High School 8 in Science lessons from one of 
the classes, 11 students achieved KKTP 
(Learning Objective Achievement Criteria) 
with good criteria, while most of the other 
students achieved KKTP with sufficient and 
poor criteria. Interviews with science 
teachers revealed that low learning 
motivation resulted in suboptimal cognitive 
learning outcomes in science. It was found 
that some students did not pay attention and 
were not interested in the material being 
taught, while others were passive during 
learning activities.  

Problem-solving skills can be 
developed with learning models that can 
create an active teaching (Aji & Nugroho, 
2015). The Problem-Based Learning model 
can train problem-solving skills because it 
involves the role of students in solving 
problems through the stages of the scientific 
method, so that students can explore their 
own knowledge by finding solutions to 
problems (Hasanah et al., 2021). Student 
involvement in finding solutions to problems 
directly improves cognitive learning 
outcomes, resulting in better learning 
outcomes than listening to teacher 
explanations (Utami et al., 2023). In 
implementing Problem-Based Learning 
(PBL), teachers only act as facilitators. 
However, teachers must always monitor the 
progress of student activities and encourage 
them to achieve the desired targets 
(Muhammad et al., 2021). However, classroom 
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observations show that some students feel 
embarrassed and afraid to ask questions when 
allowed to do so in class, so they ask questions 
independently, repeating the same questions. 
In addition, some students have difficulty 
constructing concepts from the problems  
presented.  

This results in students not 
understanding the material being studied. 
Furthermore, this problem-focused learning 
model has a disadvantage, namely that it is 
not suitable for application in classes with a 
high level of student diversity, making it 
difficult for teachers to distribute tasks 
(Shoimin, 2014) in (Idris & Nisa, 2023). Peer 
tutoring utilizes the abilities of 
heterogeneous students to create a 
complementary learning process (Mursyida 
et al., 2024). In her research, Yunita (2022) 
explains that through peer tutoring, learning 
is more student-centered, with students as 
research subjects, so that tutors become a 
source of learning and a place for their friends 
to ask questions. In this way, students who act 
as tutors can repeat and explain the material, 
so they understand it better. Other students 
who are not tutors will also understand the 
material better because they do not feel 
embarrassed or afraid to ask questions to their 
peers who are tutors. Peer teaching improves 
cognitive and social development 
(Macapayad et al., 2024). This study aims to 
analyze the differences and levels of problem-
solving skills and cognitive learning 
outcomes in science among junior high 
school students after implementing the 
Problem-Based Learning model with the Peer 
Tutoring Method.  
 

METHOD 

 
This research type includes quasi-

experimental design experiments and uses a 
non-equivalent control group design model. 
There are two classes, namely the 
experimental class, which receives learning 
using the Problem-Based Learning approach  
supported by the Peer Tutoring method. In 
contrast, the control class receives learning 
through the Discovery Learning model. The 
research was conducted at Semarang State 

Junior High School 8. Sampling was conducted 
using cluster random sampling based on the 
ASAS scores of students in grades VII A to VII 
H in the odd semester. The research design in 
this study is presented in Table 1 (Sugiyono, 
2018). 
Tabel 1. Reseach design 
 

Homogeneity test 
The homogeneity test aims to determine 

whether the variance between samples is 
similar. If the data variance is uniform, then the 
data is considered homogeneous. This study 
conducted the homogeneity test using ASAS 
data for grade VII in the odd semester of the 
2024/2025 academic year. The data analyzed 
included ASAS scores from all grade VII classes 
at SMP N 8 Semarang, namely classes VII A to 
VII H. The initial homogeneity test was 
conducted using the Levene test  
with the help of SPSS version 25 software. The 
formula used to analyze population 
homogeneity data is as follows: 

 
    (Sugiyono, 2018) 
Normality test 

The normality test is used to determine 
whether the pretest and posttest data in the 
control and experimental classes are normally 
distributed. According to Sugiyono (2018), 
data normality can be calculated using the 
Chi-square formula as follows: 

X2 = ∑𝑘
𝑡=1 .

(𝑂𝑖−𝑓𝑒)

𝑓𝑒

2
 

T-independent test 
This analysis was used to determine 

whether there was a significant difference 
between the improvement in problem-solving 
skills and cognitive learning outcomes in the 
control class and the experimental class after 
the experimental class. The formula used in 
the Independent T-test, according to 
Sugiyono (2018), is as follows: 

thitung = 
𝑥̄ 1−𝑥̄ 2

√
1

𝑛1
+

1

𝑛2

𝑠
 dengan s2 = 

(𝑛1−1)𝑠1
2+(𝑛2−1)𝑠2

2

𝑛1+𝑛2−2
 

 
Dependen T-test 

Group Pretest Treatment Posttest 

Eksperimen O1 X O2 

Kontrol O3 Y O4 
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The dependent t-test is used in the data 
analysis process to further determine the 
difference in the average of one sample group 
before and after applying a learning model. 
The statistical formula for the dependent t-test 
is as follows: 

𝑡 =
𝑥1 − 𝑥2

√
𝑠1
2

𝑛1
+
𝑠2
2

𝑛2
− 2𝑟 (

𝑠1
√𝑛1

) (
𝑠2
√𝑛2

)

 

 
An Analysis of the Level of Problem-Solving 
Ability of Students 

Students' problem-solving ability level 
can be seen from their post-test scores. To 
determine the ability of all students in solving 
problems in each indicator, it is necessary to 
calculate the percentage for each indicator. 
The analysis of the level of problem-solving 
ability uses the following formula (Sudijono, 
2018): 

P = 
𝑓

𝑁
× 100 

Table 2. Criteria of problem-solving ability 
levels of students 

Score  Criteria 
P > 75 Very good 
50 < P ≤ 75 Good 
25 < P ≤  50 Sufficient 
0 ≤ P ≤ 25 Low 

 
Analysis of the Level of Cognitive Learning 
Outcomes 

The cognitive learning outcomes of 
students can be seen from the posttest scores, 
which will be analyzed using the following 
formula (Sudijono, 2018): 

P = 
𝑓

𝑁
× 100 

Table 3. Criteria of problem-solving ability 
levels of students 

Score Criteria 
80 < P ≤  100 Very good 
60 < P ≤ 80 Good 
40 < P ≤  60 Sufficient  
20 ≤  P  ≤ 40 Low 
0 < P ≤ 20 Very Low 

 
 

RESULT AND DISCUSSION 
 

Problem-solving skills and cognitive 
learning outcomes in science were measured 
using test instruments. The problem-solving 
skills test instrument consisted of essay 
questions that had to be solved using Polya's 

problem-solving steps. At the same time, 
cognitive learning outcomes in science were 
measured using multiple-choice questions. 

The results of the data analysis showed 
that the average pretest score for problem-
solving skills in the control class was 35.5, while 
in the experimental class, the average pretest 
score was 37.4. The average posttest score for 
problem-solving skills in the control class was 
70.7, while in the experimental class, the 
average score was 80.78. The pretest cognitive 
learning outcomes for science showed an 
average score of 50 for the experimental class, 
while the control class had an average of 47.2. 
There was an increase in the posttest stage 
with an average posttest score for the 
experimental class of 81.6, while the control 
class had an average of 74.4. The normality test 
results showed that the pretest-posttest scores 
were normally distributed, thus meeting the 
requirements for parametric testing. 
Table 4. T-independent test problem-solving 
ability 
Data Class x T count T table 

Pretest Experiment 37,4 0,90 2,039 
 Control 35,5   
Posttest Eksperimen 80,8 3,20 2,039 
 Control 70,7   

 
Table 5. T-independent test cognitive learning 
outcomes 

Data Class x T count T table 

Pretest Experiment 50 0,99 1,998 
 Control 47,2   
Posttest Eksperimen 81,6 2,53 1,998 
 Control 74,4   

 

Tables 1 and 2 show the results of the 
analysis of the posttest scores of the 
experimental class and the control class, 
which showed that t count > t table, so H0 was 
rejected and H1 was accepted, indicating that 
there was a difference in problem-solving 
abilities and cognitive learning outcomes 
between the experimental class and the 
control class. 
 
 
 
 
Table 6. Dependent T-test results problem-
solving ability 
Class Data T count T table description 
Experiment Pretest 

28,8 2,039 
There was a 
difference Posttest 
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Control 

Pretest 

19,99 2,039 

between the 
pretest and 
posttest 
results  

Posttest 

 
Table 7. Dependent T-test results cognitive 
learning outcomes 
Class Data T count T table description 
Experiment Pretest 20,6 1,998 There was a 

difference 
between the 
pretest and 
posttest 
results  

Posttest 

Control 

Pretest 2,53 1,998 
Posttest 

 
The implementation of the Problem-

Based Learning model with the help of Peer 
Tutoring was carried out in accordance with 
the syntax of the Problem-Based Learning 
(PBL) model, which includes: (1) student 
orientation students to the problem, (2) 
organizing students to learn, (3) guiding 
individual and group investigations, (4) 
developing and presenting work results and 
(5) analyzing and evaluating the problem-
solving process. The first syntax of the 
Problem-Based Learning model is orienting 
students to the problem. The first syntax of the 
PBL model supports problem-solving skills in 
understanding the problem indicator. 
Students are presented with problems that 
must be analyzed. Students are asked to 
formulate problems in their own words based 
on the information obtained. Like that, 
students can understand the problem in 
depth. The presentation of a problem is the 
first step for students to find a solution 
because they already know the problem that 
has occurred. This can foster a desire to 
develop the ability to explore, thereby 
supporting the improvement of problem-
solving skills in understanding the problem 
indicator (Hindiyati et al., 2022). Students read 
the reading material and identify the problems 
presented, practicing their cognitive memory 
skills (C1). Formulating problems trains C2 
cognitive skills (understanding). Overall, the 
problem orientation stage effectively trains 
students to understand basic concepts 
through new situations, thereby facilitating 
the formation of new knowledge (Aftriani et 
al., 2018). 

The second syntax of the Problem-
Based Learning model is organizing students 
to learn. In this syntax, students in one class 
are divided into eight groups, each with one 
student acting as a tutor. The student assigned 
as the tutor is given the responsibility to help 
other students who experience learning 

difficulties based on the instructions given by 
the teacher (Yunita, 2022). After each group 
receives the LKPD, the students are directed to 
discuss and find information related to the 
material to be studied by answering the 
questions presented in the LKPD. Before 
looking for solutions, students need to 
understand the material to be studied to relate 
problems to relevant concepts in the material, 
thereby training their cognitive 
comprehension skills (C2). 

The third syntax of the Problem-Based 
Learning model is guiding individual and 
group problem-solving investigations. The 
third syntax of PBL is relevant to Polya's 
problem-solving indicators, namely, planning 
solutions where students must choose the 
appropriate approach, formula, or method to 
solve the problem. The learning activity in the 
guiding investigation syntax is that students 
conduct practical work to plan the solution to 
the problem. This is in line with the research 
by Wulansuci et al. (2021), which states that 
practical activities provide real experiences for 
students in solving problems contextually. 
Practical activities aim to investigate the 
validity of materials and theories in real-life 
situations and then relate them to the 
problems presented. These activities train 
cognitive abilities in application (C3), as 
students apply previously learned concepts 
and information in the context of 
experiments. The practical activities in the 
experimental class were guided by tutors in 
each group. Aulia & Savitri (2021) in their 
research explained that the presence of 
student facilitators helps provide explanations 
to other students so that active learning is 
created which can improve problem-solving 
skills. 

The fourth syntax of the Problem-Based 
Learning (PBL) model is developing and 
presenting the results of the work. Producing 
research results trains and improves thinking 
skills by collecting data to find alternative 
solutions to problems (Nur Isra Jairina et al., 
2020). Unknown data from the practicum 
results is sought using physics formulas. The 
process of calculating data using physics 
formulas is the starting point for building 
students' applied skills. This is in line with 
Ngadinem (2022), who states that in physics 
learning, it is not enough only to master 
existing theories and formulas. However, it is 
also necessary to have the ability to apply them 
in solving real problems. Apply relevant 
physics concepts and formulas as a basis for 
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scientific calculation and reasoning train 
cognitive application skills (C3). 

The fifth syntax of the Problem-Based 
Learning (PBL) model is analyzing and 
evaluating problem-solving. Students discuss 
in groups to answer the analysis questions 
presented in the LKPD. This activity trains 
cognitive analysis skills (C4). Through 
discussion, students connect the experiment's 
results with the material concepts to test the 
validity of the concepts and create solutions.. 
This stage helps improve problem-solving 
skills as an indicator of implementing 
problem-solving. In line research by 
Ummayah & Dewi (2021) on the PBL model, the 
data obtained from practical activities are 
compiled according to the procedures on the 
student worksheets which direct practical 
activities towards problem-solving activities. 
The tutor's role in this syntax is to guide 
friends who do not yet understand the analysis 
of problem solving while leading the 
discussion to obtain the overall answer. This 
relates to problem-solving skills, including 
identifying problems, generating solutions, 
and assessing their effectiveness (Valdez 
Pasion & Marcelo, 2024).  

The results of the group discussions are 
then presented and followed by a question-
and-answer session. Through this process, the 
results of each group's discussions are 
compared with other group members' 
thoughts to identify the most appropriate 
ideas. Students are allowed to express their 
opinions. This stage trains students to solve 
problems. In the evaluation stage, all students 
and teachers evaluate the results of the 
discussions that have been presented and 
draw conclusions from the problem-solving 
results. Hasan & Andayani (2025) state that 
evaluation is an important stage in problem 
solving, where students must assess the 
effectiveness of the solutions implemented 
and make improvements if any 
inconsistencies or shortcomings are found.  
Student activities during question and answer 
sessions and responses to discussion 
outcomes involve cognitive skills for 
comparing and evaluating (C5). The activity of 
formulating solutions to produce 
comprehensive conclusions and reflections at 
the end of learning trains creative cognitive 
abilities (C6). At the end of the lesson, students 
are given questions related to the material 
studied. The habit of working on questions 
using these stages helps students improve 

their systematic thinking skills and overall 
problem-solving abilities.  
 
Table 8. Level of problem-solving ability in the 
experimental class 

Indicator 
Criteria 

Very 
good Good Sufficient Low 

Understand the 
problem 31 1 0 0 

Plan the solution 26 5 1 0 
Implement the 
plan 17 8 7 0 

Review/evaluate 
the results 6 12 9 5 

 
Table 9. Level of problem-solving ability levels 
in the control class 

Indicator 
Criteria 

Very 
good Good Sufficient Low 

Understand the 
problem 27 5 0 0 

Plan the solution 18 12 2 0 
Implement the 
plan 5 14 11 2 

Review/evaluate 
the results 0 8 15 9 

In understanding the problem indicator, 
students in the experimental and control 
classes were rated as very good and good. This 
shows that students could understand the 
problems presented by identifying what was 
known and what was asked in the questions. 
The ability to understand problems is an 
important foundation for implementing the 
next stage. Students cannot solve problems 
correctly if they do not understand the 
problems given (Kania & Ratnawulan, 2022). 
The ability to plan problem solving among 
students in the experimental and control 
classes was in the very good, good, and 
Sufficient categories. Students in the 
experimental class who were in the Sufficient 
category were those who had difficulty 
determining which formula to use. Students in 
the experimental class who were in the 
adequate category had difficulty determining 
the formula to use. The ability to implement 
solutions in the experimental class was in the 
very good, good, and Sufficient categories.  

Meanwhile, the control class was in the 
very good, good, Sufficient, and low 
categories. Pramesti & Rini (2019) found that 
students who can perform calculations 
correctly can determine the problem's final 
result. Meanwhile, students who are low at 
implementing solutions are unable to 
implement solutions and do not realize that 
the steps used are incorrect. The ability to 



 
 

 
Nabilah, et al. / Journal of Environmental and Science Education 6 (1) 2026 

 
 
   

 

20 

 

recheck and evaluate students' results in the 
experimental class was in the perfect, good, 
Sufficient, and low criteria. Meanwhile, in the 
control class, it was in the good, Sufficient, and 
low criteria. Students in the low criteria for 
rechecking and evaluating results rarely wrote 
conclusions consistently on all questions. 
Students who do not recheck their answers 
assume that the answers they find are the final 
results of the problems (Setyawan et al., 2020). 
 
Table 10. Level of cognitive learning outcome 
in the experimental class 

Indicator 
Criteria 

Very 
good Good Suffi

cient Low Very 
Low 

C1 32 0 0 0 0 
C2 25 5 2 0 0 
C3 22 10 0 0 0 
C4 17 0 15 0 0 
C5 3 16 13 0 0 
C6 8 0 22 0 2 

 
Table 11. Level of cognitive learning outcome 
in the control class 

Indicator 
Criteria 

Very 
good 

Good 
Suffici 
ent 

Low Very 
Low 

C1 29 0 3 0 0 
C2 21 9 2 0 0 
C3 17 14 0 1 0 
C4 10 0 20 0 2 
C5 0 15 13 4 0 
C6 4 0 14 0 4 

 
The ability of students to remember (C1) 

in the experimental class was very good, while 
in the control class it was very good and 
sufficient. The ability to remember is 
influenced by learning motivation. As stated 
by Rahman (2022), students with high 
motivation and interest in the material tend to 
better remember information. 

The comprehension ability (C2) in the 
experimental and control classes showed 
comprehension abilities in the very good, 
good, and sufficient categories. Students in 
the sufficient category in both the 
experimental and control classes were 
excluded due to their reluctance to ask 
questions about things they did not 
understand, resulting in suboptimal cognitive 
comprehension abilities.  

The ability to apply (C3) of students in 
the experimental class was in the very good 
and good criteria, while in the control class it 
was in the very good, good, and sufficient 
criteria. Students with a strong understanding 
of concepts tend to be more capable of 

applying knowledge to various contexts. 
Conversely, student errors in C3 (applying) 
include inaccuracies in understanding and 
interpreting questions, the use of incorrect 
concepts, and errors in performing 
calculations (Nabilah et al., 2020). 

The ability to analyze (C4) in the 
experimental class was rated very good and 
sufficient. Meanwhile, in the control class, it 
was in the very good, sufficient, and very low 
criteria. The ability to analyze was supported 
by group discussion activities, so that students 
who actively expressed their opinions had a 
higher ability to analyze. In their research, 
Nurdin et al. (2023) emphasized that by 
applying a peer tutor discussion method, 
students can participate more actively in 
discussions and improve their learning 
outcomes during the learning process. The 
selected tutors have been trained. Lin et al., 
(2025) explained that tutors who receive 
training are better prepared to address diverse 
learning needs and can create more 
meaningful learning interactions with their 
tutees. 

The ability to evaluate (C5) in the 
experimental class was rated as very good, 
good, and sufficient. Meanwhile, the control 
class rated it as good, sufficient, and low. 
Overall, the evaluation ability (C5) in the 
experimental class by applying the Problem-
Based Learning model with the help of Peer 
Tutoring was higher than in the control class. 
Nurlaily et al. (2019) stated that the Problem-
Based Learning Model can improve evaluation 
skills because it requires students to make 
critical assessments of the information they 
receive. Cognitive ability C6 (creating) was 
mainly at the adequate level for most 
experimental and control students. Students 
with a very inadequate level had difficulty 
developing their ideas. Students' limited 
understanding of managing the thinking 
process resulted in low creating ability 
(Niswah & Dewi, 2024). 

 
CONCLUSION 

 
Based on the results of the study, it can 

be concluded that there is a significant 
difference in the problem-solving abilities 
and cognitive learning outcomes of science 
students after applying the Problem-Based 
Learning model with the help of Peer 
Tutoring. The improvement can be seen from 
the significant difference between the 
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control and experimental classes and 
between the conditions before and after the 
treatment. After the treatment, Analysis of 
problem-solving ability level and cognitive 
learning outcomes level showed an increase 
in the number of students in each indicator's 
good and very good categories. 
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