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Abstract: This study aims to determine the effectiveness of Collaborative E-
learning-Based Learning (KABEL) to remedy student misconceptions for heat 
in high schools in East Java during merdeka belajar. The study used a pre-
experimental design, specifically a one-group pre-test post-test design. The 
study includes a sample of 290 10th-grade students who were randomly 
chosen from different high schools in East Java. The data collection instrument 
consists of 20 multiple-choice questions, each with 3 alternative answers and 
open-ended reasons. The average percentage of student misconceptions 
was 94.67% before and 39.33% after remediation. The Mc Nemar test showed 
a significant improvement in student conceptual understanding after 
remediation, as evidenced by a chi-square value (X2) of 11.16, which exceeded 
the critical chi-square value (X2table) of 3.84 for a degree of freedom (df) of 1 
and a significance level (α) of 5%. The obtained proportion value of 0.56 shows 
a moderate effectiveness of the direct instruction model with animation media 
in addressing student misconceptions. 
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Introduction  
 

Natural Science, also known as IPA, refers to the 
knowledge about natural objects and phenomena 
obtained through scientists' contemplation and 
investigation. This process involves the use of 
experimental skills and the application of the scientific 
method. According to Bramantha (2021), IPA is a 
scientific discipline that involves observing and 
classifying data, organizing and verifying it using 
quantitative laws, and applying mathematical reasoning 
and analytical data interpretation to understand natural 
phenomena. Physics is a crucial aspect of IPA education. 
Physics is an academic discipline that involves the study 
of natural phenomena and the development of problem-
solving skills through qualitative and quantitative 

analysis (Purwanti & Heldalia, 2022). Physics learning 
aims to foster critical, creative, and independent 
scientific thinking, as stated in (Departemen Pendidikan 
Nasional, 2013). According to Haryono et al. (2021) and 
Haryono et al. (2023), many students perceive physics as 
difficult.  

As a result, this perception hinders the adequate 
formation of a favorable disposition towards physics. 
Student perceptions may lead to decreased interest or 
enthusiasm for physics lessons. Many students have a 
non-scientific understanding. Based on interviews with 
physics teachers in 10th-grade classes at several high 
schools in East Java, it is obvious that a significant 
number of students demonstrate limited proficiency in 
answering questions and struggle to grasp the concepts 
of temperature and heat transfer, specifically the concept 
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of heat transfer. This observation is based on daily 
assessments conducted in 2023 on 10th-Grade students 
in several high schools located in East Java. The 
assessments focused on the topic of temperature and 
heat. 30% of students scored above the Minimum 
Mastery Criteria (MMC), while 70% obtained scores 
below MMC at 75. 

Misconception relates to inaccuracies in 

comprehending principles of physics. According to 
Mukhlisa (2021), misconceptions refer to concepts that 
vary from those acknowledged by experts. 
Misconceptions in physics often arise from students and 
can be classified into various aspects, such as 
preconceived notions, associative thinking, humanistic 
thinking, flawed reasoning, incorrect intuition, cognitive 
development stages, students' abilities, and learning 
interests. Temperature and heat are subjects covered in 
10th-grade high school curriculum. Students in junior 
high school have already been introduced to heat 
transfer, thus possessing prior knowledge and 
understanding of its basic concepts. Students' initial 
concepts can be either accurate or inaccurate, as they 
have wide-ranging implications in daily situations. The 
objective of studying this topic is for students to acquire 
a precise understanding of temperature and heat 
concepts and effectively apply them in everyday 
situations. 

Sembiring et al. (2015) researched misconceptions 
about heat transfer among 10th-grade students at State 
Senior High School 7 Pontianak. The study identified 
several misconceptions, such as the belief that 
conduction involves the simultaneous transfer of heat 
and particles, the misconception that convection only 
occurs in liquids, and persistent confusion between the 
concepts of convection and radiation. Misconceptions, 
or mistaken student concepts, are widely recognized in 
academic discourse. To reduce potential misconceptions 
from students' limited comprehension and engagement 
with heat transfer in the upcoming grade, it is 
imperative to implement suitable interventions or 
strategies to tackle this concern. Misconception 
rectification is a common approach that often involves 
remediation. As defined by Mohyuddin et al. (2016), 
Niyibizi et al. (2024), and Wulanningtyas et al. (2022) 
remediation refer’s to addressing and rectifying 
students' misconceptions. The remediation process 
should improve students' learning outcomes. Hence, it 
is essential to utilize methods or models that effectively 
capture students' interest in the subject matter, thereby 
promoting active engagement in the learning process. 
One possible remediation strategy for addressing 
students' misconceptions on temperature and heat in 
10th-grade high schools in East Java is the 
implementation of Collaborative E-learning-Based 
Learning (KABEL) as a form of E-teaching. 

This study focuses on collaborative learning 
through E-learning using a Learning Management 
System (LMS) called KABEL (Haryono et al., 2023). 
Collaborative learning can occur through synchronous 
(direct) and asynchronous (indirect) methods (Sari et al., 
2022). Collaborative learning is effective when all group 
members have confidence in the superiority of the 
outcomes achieved through group work compared to 

individual efforts (Fitriasari et al., 2020; Haryono et al., 
2023). Collaborative learning fosters the development of 
teamwork skills and encourages students to share their 
knowledge effectively. LMS is a web-based application 
utilized to facilitate the learning process. KABEL, an 
application available at https://kabel.unisda.ac.id/, is 
an implementation of the concept of learning 
management system (LMS). 

There has been a lot of research on student 
misconceptions that has been carried out previously 
(Kusairi & Zulaikah, 2016; Setyadi & Komalasari, 2012; 
Febrianti et al., 2019). Diagnose student misconceptions 
using the Three Tier Test (Kusairi & Zulaikah, 2016), 
Misconceptions about temperature and heat among 
students are still very high (Setyadi & Komalasari, 2012), 
and provide information about temperature and heat 
misconceptions that occur in high school students 
(Febrianti et al., 2019; Fenditasari et al., 2020; Rizaldi, 
2020). Of these several studies, no one has conducted 
research on the application of Collaborative E-learning-
Based Learning (KABEL) as a form of E-teaching. 
Therefore, it is important to carry out this research with 
the aim of overcoming students' misconceptions about 
temperature and heat in class X SMA in East Java by 
implementing Collaborative E-learning-Based Learning 
(KABEL). 

 

Method  
 
Types of research 

This study uses a pre-experimental design with a 
one-group pre-test post-test design. The one-group pre-
test post-test design allows a more accurate assessment 
of the impact of a treatment by comparing the conditions 

before and after the intervention. The research design 
can be summarized as follows: 
 
Table 1. Research design of One Group Pre-Test-Post-

Test Design (Rutten et al., 2013) 
O1  X O2  

Pre-test  treatment Post-test 

                 
Research Sample 

The study population consists of 290 10th-grade 
students in high schools in East Java. The intact group 
sampling technique involves including all students in a 
class as samples (Adnan et al., 2021). The sampling 

https://kabel.unisda.ac.id/
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method used in this study is saturated sampling, which 
involves selecting all members of the population as 
samples (Pangarso et al., 2021). This study included 
intact groups of 290 students from 10 high schools in 
East Java during learning freedom. These groups were 
selected as research samples. 

 
Data Collection and Instrument  

The data collection instrument used in this study 
was a diagnostic test. It includes 20 multiple-choice 
questions with 3 alternative answers and reasons 
adapted from (Larasaty, 2022). The test item’s in both the 
pre-test and post-test are the same in terms of 
representing the same concepts. The test items are 
reviewed and re-validated by two validators: a Physics 
Education program lecturer from the mathematics and 
natural sciences faculty, UNESA and a Physics teacher 
from Senior high school Xin Zhong. The validation 
results show a validity level of 4.0, showing that it is 
appropriate for use in the research. The test items were 
tested on June 12, 2023, in 10th-grade classes in high 
schools located in East Java. The reliability coefficient, 
calculated using KR.20, is 0.504, categorized as 
moderate. 

This one group pretest-posttest design research was 
designed to be carried out in one group only without a 
comparison group. In this design, observations are 
carried out twice, namely before the experiment (pre-
test) and after the experiment (post-test). After that, an 
analysis was carried out and used pre-test and post-test 
as a comparison. The comparison between pre-test and 
post-test is assumed to be the effect of the development 

and implementation of E-learning based collaborative 
learning (KABEL).  

 

Result and Discussion 
 

This study aims to determine the effectiveness of 
Collaborative E-learning-Based Learning (KABEL) to 
remedy student misconceptions for heat in high schools 
in East Java during merdeka belajar. The Collaborative E-
learning Based Learning (KABEL) display is as shown in 
Figure 1. 

 
Student Conception Profile on Heat Before and After Using 
Collaborative E-learning-Based Learning 

The following is a profile of students' conceptions 
of heat before and after using E-learning based 
collaborative learning in research as in table 2. 

 

  
Figure 1. The front pages of KABEL 

 
Table 2. Student Conception Profile in Pre-Test and Post-Test 
Indicators Form Misconceptions 

Pre-test Post-test 

Identify the heat transfer 
process by conduction 

▪ Students consider that heat is carried by particles 
moving from end A to end B accompanied by 

particle movement 
▪ Students assume heat only propagates through 

solid objects 
▪ Students assume that particles move because they 

are heated 

Students consider that heat is carried by 
particles moving from end A to end B 

accompanied by particle movement 

Identify the process of heat 
transfer by convection 

▪ Students consider that heat travels through the pan 
from the bottom to the top of the pan because it 

experiences evaporation 
▪ Students consider convection transfer to be heat 

transfer that is not accompanied by particle 
movement 

▪ Students consider convection transfer to 
be heat transfer that is not accompanied by 

particle movement 
▪ Students consider convection transfer to 

be heat transfer without intermediaries 
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Indicators Form Misconceptions 

Pre-test Post-test 

▪ Students consider convection transfer to be heat 
transfer without intermediaries 

Identify the process of heat 
transfer by radiation 

▪ Students consider heat transfer by radiation to be 
the transfer of heat using an intermediary substance 

▪ Students consider radiation to be the transfer of heat 
accompanied by the movement of particles 

Students consider that radiation is the 
transfer of heat accompanied by the 

movement of particles 

 

Reduction of Student Misconceptions on Heat Transfer Before 

and After Using Collaborative E-learning-Based Learning 

Reduction of Student Misconceptions 

The following is data on reducing student 
misconceptions as in table 3. 

 
Table 3. Reduction of Student Misconceptions in Every 
School 
School code Misconception (n) Δn (%) 

n0 nt 

A-1 20 3 0.85 85 
A-2 18 5 0.72 72 
A-3 19 2 0.89 89 
A-4 20 18 0.10 10 
A-5 20 20 0 0 
A-6 18 5 0.72 72 
A-7 19 6 0.68 68 
A-8 20 1 0.95 95 
A-9 20 4 0.80 80 
A-10 19 1 0.95 95 
average   67 

 

Based on the results of the analysis, it was found 
that the average percentage reduction in the number of 
misconceptions per student regarding heat transfer 
material after E-learning (KABEL) based collaborative 
learning was carried out was 67%. 

 

 
Figure 2. Graph of decreasing number of misconceptions for 

each school 

 
Reduction of Misconceptions for Each Indicator 

Based on the figure 3, it shows that the average 
percentage of students' misconceptions decreased by 
67%. Mc Test. Nemar showed a significant reduction in 

the number of misconceptions. The largest reduction in 
the number of misconceptions in the concept of heat 
transfer by convection is 69% and the smallest reduction 
in the number of misconceptions in the indicator of heat 
transfer by conduction is 65%. 
 

 
Figure 3. Graph of the percentage of student misconceptions 

during the pre-test, post-test and reduction in misconceptions 
for each concept 

 
Note: 
Concept 1 = heat transfer by conduction 
Concept 2 = heat transfer by convection 
Concept 3 = radiation heat transfer 
  
Conceptual Changes in Students after Collaborative E-

Learning-Based Learning (KABEL) on Heat Material 

The Mc-Nemar calculation was used to determine 
students' conceptual changes following their exposure 
to Collaborative E-learning-Based Learning (KABEL) on 
heat material. The Mc-Nemar Test calculation results are 
presented for each question item in the Mc-Nemar Test 
assistance table. Table 5 shows the results of the Mc-
Nemar Test calculations. According to the Mc-Nemar 
Test in Table 4.4, the 𝜒2 value (3.84) is smaller than the 
𝜒2 values (12.06, 11.07, 8.10, 10.56, 12.07, 11.07) for df = 1 
and α = 5%, sequentially corresponding to questions 
numbered 1, 2, 3, 4, 5, and 6. This indicates a significant 
conceptual change in students' understanding of the 
material on Heat between before and after the 
implementation of Collaborative E-learning-Based 
Learning (KABEL). 
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Level of Effectiveness of E-learning (KABEL) Based 
Collaborative Learning on Heat Material 

This study aims to determine the effectiveness of E-
learning based collaborative learning (KABEL) in a 
classroom setting. Table 5 shows how implementing 
collaborative learning through E-learning (KABEL) can 
successfully reduce the number of misconceptions 
regarding heat transfer among students. The largest 
decrease in the number of students with misconceptions 
occurred in indicator 1, namely identifying heat transfer 
by conduction by 62.5%, while the smallest decrease in 
the number of students occurred in indicator 3, namely 
identifying heat transfer by radiation by 50%. The 
effectiveness of E-learning-based collaborative learning 
(CABEL) can be seen in the average percentage 
reduction of students, which is 0.56, showing moderate 
effectiveness as per the finger joint rule. 

         
Discussion 

The research implementation in 10th-grade classes 
of high schools in East Java during freedom of learning 
lasted for a total of 5 hours (2 sessions). This included a 
1-hour pre-test, a 3-hour treatment session, and a 1-hour 
post-test. The pre-test was conducted during the first 
session on June 12, 2023, while the post-test was 
administered on July 2, 2023, during the third session. 
Both the pre-test and post-test consisted of 20 multiple-
choice questions with open-ended questions. This study 
aimed to identify students' misconceptions before and 
after implementing collaborative E-learning-based 
learning (KABEL). The study showed that before 
implementing collaborative E-learning-based learning 
(KABEL), the average value of misconceptions for each 
concept was 94.67%. Following the implementation of 
collaborative E-learning-based learning (KABEL), the 
average percentage of misconceptions decreased to 
39.33%. This indicates a reduction in misconceptions by 
54.67%. 

The pre-test and post-test data analysis shows a 
reduction in misconceptions among all students and 
across all indicators. Certain students who held 
misconceptions before the pre-test demonstrated 

improved performance and could answer correctly 
during the post-test. The analysis revealed a mean 
decrease of 55% in the quantity of misconceptions per 
student. The decline in student misconceptions is further 
evidenced by the higher prevalence of misconceptions 
during the pre-test compared to the post-test. The 
research findings indicate that the pre-test revealed a 
relatively low mastery of the heat transfer material 

among students, with a high percentage of 
misconceptions at 94.67%. 

The pre-test showed a significant number of 
misconceptions, which can be attributed to two factors. 
One factor contributing to student misconceptions is 

incomplete or inadequate reasoning, as noted by Comins 
(Guarango, 2022). Incomplete reasoning can result from 
inadequate information or insufficient data, leading to 
incorrect conclusions and subsequent misconceptions. 
Another factor that can lead to misconceptions is 
incorrect intuition, as students' intuition and emotions 
can also play a role. Intuition refers to the spontaneous 
perception and expression of objective and rational 

ideas. Hermansyah et al. (2019) conducted a study on 
using Guided Discovery with worksheets to fix 
misconceptions about heat transfer in high school. The 
study revealed that 62.3% of students held 
misconceptions. Misconceptions regarding temperature 
flow, particle movement in conduction, convection 
limited to liquids, and confusion between convection 
and radiation were identified. 

The Learning process at KABEL encouraged active 
student participation, fostering cooperation and group 
discussions, resulting in increased student engagement. 
Following remediation, there was a significant decrease 
in student misconceptions, with the percentage 
decreasing to 39.33%. This represents a reduction of 
55.34% in misconceptions. The decrease in learning time 
can be attributed to the use of collaborative E-learning-
based learning (KABEL), which allows students to 
understand concepts that are in line with scientific 
principles. Students were instructed to listen to the 
teacher's explanation on heat transfer and engaged in 
collaborative E-learning activities focused on heat 
transfer (Gerhátová et al., 2020). These activities aimed 
to foster students' critical thinking skills in 
comprehending the concept of heat transfer (Kobus, 
2013). 

The calculation of the remediation effect of 
collaborative E-learning-based learning (KABEL) 
reveals varying ΔS values for each indicator. The diverse 
average proportion values for each indicator indicate 
that the reduction in student misconceptions varies 
across indicators. The average reduction in 
misconceptions for the three indicators ranged from 50% 
to 60%. Table 4.3 shows students' values for 
collaborative E-learning-based learning (KABEL). The 
data shows an average decrease of 55.34% in the number 
of misconceptions. Blasco-Arcas et al. (2013),  Almajed et 
al. (2016), and Troussas et al. (2023) used collaborative 
learning, which yielded positive results. These included 
a score of 3.03, 90.09% student engagement in relevant 
activities, and a 91.18% completion rate for the classical 
study. 

Elberkawi et al. (2020), and Darma et al. (2022) 
implemented e-learning, which led to a significant 
improvement in the average pre-test score, increasing it 
from 57 to 79.8 in the post-test. Vosniadou (2012) 
preconceptions, also known as initial conceptions, are 
the beliefs held by students before engaging in learning 
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activities (Kobus, 2013; Longfield, 2009; Tanner & Allen, 
2005). On the other hand, final conceptions refer to the 
beliefs that students develop after the learning process. 
In the field of physics education, students' initial 
conceptions play a vital role in their understanding of 
scientific concepts within the school environment. 
Comprehending students' initial conceptions is crucial 
as they are subjective and frequently include 

misconceptions. Collaborative e-learning (KABEL) 
enables learners to engage in collaborative activities 
with teachers and peers, fostering a sense of choice and 
flexibility in the learning process. In collaborative E-
learning-based learning (KABEL), learners interact 
socially to construct knowledge and discover new 
concepts through discussions. This condition was 
indicated by the value of sig. < 0.05. As a result, the SEIE 
model e-learning based on PjBL was effective on 
students' ability to understand concepts and their 
agility, both partially and simultaneously (Setemen et 
al., 2023). 

The researcher's demonstration activities 
significantly influence students' conceptions (Fatima et 
al., 2022). Students' initial conceptions about pre-test 
questions can be assessed through demonstration 
activities, which can determine the accuracy or 
inaccuracy of their initial understanding. Inaccurate 
student conceptions can be reduced during the 
discussion phase by providing worksheets by teachers. 
These worksheets serve to guide students and enhance 
their attention to detail. Despite being unclear and 
potentially containing misconceptions, students' initial 
conceptions must be recognized as the initial stage in the 
process of conceptual change. Teachers can facilitate 
conceptual changes in learning activities by 
understanding students' conceptions. 

The Mc-Nemar test results in Table 4.4 show that 
the χ2 value (3.84) is smaller than the χ2 values (12.06, 
11.07, 8.10, 10.56, 12.07, 11.07) for df = 1 and α = 5% in 
questions 1, 2, 3, 4, 5, and 6, respectively. This suggests a 
notable shift in students' understanding before and after 
participating in remediation through collaborative E-
learning-based learning (KABEL). The significant 
change is due to the students' high level of 
misconceptions observed in the pre-test. This supports 
Joan Davis's perspective cited in Keay et al. (2019) that 
teaching conceptual change entails two key elements: 
challenging students' initial concepts and employing 
diverse techniques to change their initial concept (Rutten 
et al., 2012). This study found that students' initial 
concepts were incorrect due to their lack of attention to 
the researcher's demonstrations and the presented 
material. Certain students could modify their initial 
concepts after engaging in collaborative E-learning-
based learning (KABEL). 

KABEL is effective when learners undergo a 
conceptual shift. The alignment of students' concepts 
with expert concepts is evident in the disparity between 
the numbers of misconceptions observed prior to 
treatment (pre-test) and after treatment (post-test). The 
Mc-Nemar test revealed a significant impact of direct 
instruction with animated media on conceptual change 
during remediation. The findings suggest that 

collaborative E-learning-based learning (KABEL) 
effectively addresses student misconceptions related to 
heat transfer. The effectiveness of collaborative E-
learning-based learning (KABEL) on heat transfer was 
assessed using the proportion formula and evaluated 
based on the rule of thumb. The effectiveness of the 
treatment was determined to be moderate (0.56) based 
on the pre-test and post-test results.  

 

Conclusion  
 

The research findings show that students' 
misconceptions about heat, as measured by the average 
percentage of misconceptions in the pre-test, are 94.67%. 
The average percentage of misconceptions after 
treatment decreases to 39.33%. Consequently, there is a 
23.45% reduction in the number of misconceptions. The 
implementation of collaborative E-learning based 
learning (KABEL) in senior high schools in East Java 
during the era merdeka belajar has reduced student 
misconceptions about heat, both at the individual 
student level and in connection to specific question 
indicators. There was a substantial 55% reduction in the 
average misconception per student. The significant 
decrease in the average misconception per student is 
55%, and the average percentage of student 
misconceptions for each indicator during the pre-test is 
94.67%. The average post-test misconception score is 
39.33%, showing a 55.34% decrease in misconception 
percentage. There is a significant change in the number 
of student misconceptions between before and after the 
implementation of Collaborative E-learning-based 
learning (KABEL) on heat in high schools in East Java 
during the era of independent learning. The Mc-Nemar 
test showed a significant result (χ2 = 3.84, p < 0.05), 
indicating a significant reduction in misconceptions 
related to heat transfer concepts. Collaborative E-
learning-based learning (KABEL) has been found to 
effectively address misconceptions among high school 
students in East Java during the era of independent 
learning. The effectiveness value of KABEL was 0.56, 
indicating a moderate level of effectiveness. 
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