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Abstract :  

The purpose of this study was to determine the conceptual 

understanding of eleventh-grade students in Science-Three at Senior 

High School 8 Malang on the topic of temperature and heat. The study 

used a survey method with a multiple-choice question instrument that 

had been tested. The data analysis technique used was quantitative 

descriptive analysis based on the percentage of students' level of 

understanding. The questions were analyzed by the level of difficulty. 

The results of the study indicated that students' conceptual 

understanding score was 45.4%. It can be concluded that eleventh-

grade students in Science-Three at Senior High School 8 Malang have 

a moderate level of understanding of the concepts of temperature and 

heat. The study revealed that many students had misconceptions about 

heat capacity and heat equilibrium. This study revealed that many 

students have misconceptions about heat capacity and heat 

equilibrium indicating that students do not fully understand this 

material. The author analyzed students' responses to questions 

categorized as difficult to determine the extent of their conceptual 

understanding when answering. 
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INTRODUCTION 

One of the sciences that studies natural phenomena and presents with various basic concepts in 

the form of formulas and laws is physics. Physics in its concept studies and analyzes the quantitative 

understanding of natural phenomena, the properties of substances and their implementation (Hara et al., 

2023). The facts in the field show that physics is considered a difficult and formulaic subject where 

many students only memorize formulas. The subject that is dubbed as a subject that students do not like 

is physics (Istiqomah et al., 2017). The lack of student interest in physics lessons is because physics is 

considered a difficult subject. Physics is a subject that is classified as difficult and very challenging for 

students to learn (Jannah & Haryadi, 2020). In fact, physics formulas do not need to be memorized but 

only the concept needs to be understood.  

One of the abilities required in physics is the ability to understand concepts. When students truly 

grasp a physics concept, they don't just memorize formulas but comprehend the meaning of the concept. 

Therefore, when faced with a problem they can solve it because they genuinely understand the concept. 
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A concept is the basis or theory of a material derived from logical thinking. It is the result of thinking 

expressed by a definition, law or theory (Azizah et al., 2020). Understanding concepts is essential for 

abstract ideas in mathematics, classifying objects based on concepts, and providing examples and non-

examples to clearly understand the concept (Pratiwi, 2022). Understanding concepts involves correct 

and precise thinking about abstract ideas so that others can comprehend them clearly. In physics, there 

is a relationship between different concepts. The significance of understanding concepts in physics lies 

in the interconnection between various concepts. Moreover, understanding physics is crucial for solving 

real-life problems. Physics plays a vital role in problem analysis, solution planning, and implementation 

(Mustofa, 2021). To address everyday challenges, having a solid grasp of basic concepts and ideas is 

essential. Your ideas must align with scientific concepts accurately. A correct understanding of scientific 

concepts serves as the foundation for learning other scientific concepts (Ni’mah et al., 2019). 

In reality, many students experience conceptual errors due to their lack of understanding. 

However, the current problem is weak conceptual understanding which has fatal consequences for 

students in grasping certain materials (Risqa et al., 2021). If students' ability to understand physics 

concepts is low, it will affect their learning outcomes. The ability to understand concepts is an absolute 

requirement for success in physics learning (Febrianti et al., 2019). Therefore, in physics learning, 

educators must ensure that students not only memorize formulas but also understand physics concepts 

and relate them to other concepts so that physics learning can be successful and of high quality.  

Physics is a branch of science that deals with temperature and heat materials that we often 

encounter in real life. This concept is one of the most common physics concepts in everyday life, so it 

is important for students to understand it (Silaban & Utari, 2015). Activities related to the concepts of 

temperature and heat are often encountered in everyday life, such as sunbathing and boiling water, and 

are widely used in increasingly sophisticated technological developments (Rochaenah & Linuwih, 

2024). Understanding macroscopic physics involves understanding real-life events (Priyadi et al., 2019). 

When students grasp physics concepts from natural phenomena, they can solve problems in their daily 

lives. Learning through examples of daily activities related to the explained material can help students 

apply their knowledge effectively (Hidayat et al., 2022). Therefore, with a good and accurate 

understanding of the concept, all problems can be solved correctly.  

Based on the results of previous studies, students' conceptual understanding scores still tend to 

be low (Taqwa et al., 2019). Previous research by Mustofa (2021) revealed several reasons for students' 

lack of understanding of temperature and heat material. First, the material is abstract, making it difficult 

for students to understand. Second, the concept of heat involves many supporting factors that are 

interconnected, requiring students to understand each factor. Third, students' understanding from real-

life experiences may conflict with the concepts understood by experts.  

 This lack of understanding can hinder students' ability to apply their knowledge in practical 

situations and negatively impact their academic performance in physics (Said & Ishaq, 2024). Research 

by Yuliana et al. (2023) states that, on average, students have difficulty with several sub-

topics, including the concept of specific heat, temperature, expansion, and the effect of heat on changes 

in temperature and phase. Another study by Widia Linta Nurjanah et al. (2024) revealed that students' 

understanding of the concept of heat propagation was still low. Research by Syahratinnur et al. (2023) 

revealed a misconception rate of 38.93% caused by one's own thoughts. The physics concept that is 

difficult for students is the question item on the concept of heat and temperature, while the physics 

concept that is perceived as easy is changes in state (Intisavira et al., 2023). Thus, it is concluded that 

Indonesian students do not yet have a complete understanding of the concept of temperature and heat. 

The results of the study are the basis for developing research in identifying misconceptions in students 

regarding this material. 

This study aims to determine the level of understanding of the concepts of temperature and heat 

materials among eleventh-grade students in Science-Three at Senior High School 8 Malang. The study 

was conducted to identify the extent to which students' conceptual understanding can be used as an 

evaluation by physics educators and researchers so that the quality of physics learning can improve in 

the future. Educators can assess students, by giving them questions. Questions to measure analytical 

skills (C4) can be solved by considering the ability to divide or connect with several concepts (Nafi’ah 

et al., 2019). Therefore, by giving students questions, it can be used to see to what extent students 

understand the physics concept related to temperature and heat material where each concept is involved 
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with each other. The authors analyzed students' responses to questions categorized as difficult to 

determine the extent of their conceptual understanding when answering. 

 

RESEARCH METHOD 

Types of Research 

This research is quantitative study with a mixed method approach, specifically descriptive 

quantitative using a survey method to assess students' conceptual understanding. The study was 

conducted at Senior High School 8 Malang. 

Instruments and Data Collection Techniques 

 Data collection involved providing questions to 26 eleventh-grade students in Science-Three at 

Senior High School 8 Malang. Respondents were given a link to access the questions and had 60 minutes 

to work on them individually. The questionnaire consisted of 10 multiple-choice questions with 

explanations, administered through Google Form. The researcher utilized a question naire adapted from 

Wulandari et al. (2018) and instruments developed by Franklin (1992) and Kamcharean & 

Wattanakasiwich (2016), as well as instruments adapted from Ni’mah et al. (2019) and Taqwa et al. 

(2019). The questionnaire had been previously validated and tested for reliability. 

Data Analysis Techniques 

The data collected included quantitative data from multiple-choice scores and qualitative data 

from the explanations provided for each question. The analysis conducted was descriptive quantitative, 

focusing on analyzing students' multiple-choice scores to determine their understanding of the concept 

of temperature and heat. Additionally, the explanations provided by students for each question were 

analyzed to understand their thought processes.  

In determining the percentage of students' understanding of the concept, researchers use 

categories from several levels listed in Table 1 sourced from (Sari et al., 2017). 

Table 1. Percentage of Students' Concept Understanding Level 

No. 
Concept Understanding 

Level 
Category 

1. 

2. 

3. 

0% ≤ x ≤ 30% 

30% ≤ x ≤ 60% 

60% ≤ x ≤ 100% 

Low 

Medium 

High 

In this paper, the author will discuss questions that are considered difficult. The calculation of 

the level of difficulty can be formulated as: 

𝑃 =
𝐵

𝐽𝑆
           (1) 

Where P is the difficulty index, B is the number of students who answered the question correctly, 

and JS is the total number of respondents. 

The level of difficulty of the questions can be categorized in Table 2. 

Table 2. Criteria for Question Difficulty Level 

Question Difficulty 

Level 
Category 

0,71 – 1,00 

0,31 – 0,70 

0,00 – 0,30 

Easy 

Medium 

Difficult 

Research Procedures 

 The research procedure includes data collection consisting of multiple-choice questions via the 

Google Form link. After the data is collected, it will be analyzed quantitatively and qualitatively to 

determine the level of understanding of the concept of temperature and heat material. The data will 
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be analyzed by examining the conceptual understanding score of each question. The questions that most 

students answered incorrectly will be analyzed for their level of difficulty. Questions classified as 

difficult will then be the focus of discussion. 

 

RESULTS AND DISCUSSION 

The conceptual understanding of eleventh-grade science-three students at Senior High School 

8 Malang regarding the material of temperature and heat is classified as moderate. The data on students' 

conceptual understanding scores are shown in Table 3. 

 

Table 3. Number of students who chose the correct option 

Question Number 

Number of Students 

Who Selected the 

Correct Option 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

The average 

19 (73,1%) 

9 (34,6%) 

10 (38,5%) 

5 (19,2%) 

18 (69,2%) 

18 (69,2%) 

13 (50,0%) 

3 (11,5%) 

17 (65,4%) 

6 (23,1%) 

45,4% 

 

In answering the questions, the score for understanding the concept of temperature and heat was 

obtained in the moderate category. The average student score only reached 45.4% (the average of all 

students who chose the correct option from 10 questions). 

Misunderstanding the concept of temperature and heat can be identified from the distribution 

of student answers for each question. In several question numbers, namely questions 2, 4, 8, and 10, 

most students chose incorrect answers. 

The existence of incorrect answers is due to the lack of student understanding and can also be 

caused by the criteria for questions that are classified as difficult. 

From equation (1) and by examining Table 2, the criteria for the level of difficulty of each 

question can be presented in Table 4. 

Table 4. Analysis of Difficulty Level of Question Items 

Question 

Number 

Number of Students Who Selected 

the Correct Option 

Difficulty Index 

Value 
Information 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

19 

9 

10 

5 

18 

18 

13 

3 

17 

6 

0,73 

0,35 

0,38 

0,19 

0,69 

0,69 

0,50 

0,12 

0,65 

0,23 

Easy 

Medium 

Medium 

Difficult 

Medium 

Medium 

Medium 

Difficult 

Medium 

Difficult 
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 Based on Table 4, the questions that fall into the difficult category are items numbers 4, 8, and 

10. Therefore, the researcher will focus on discussing the level of students' conceptual understanding of 

these three questions. 

The distribution of student answer option choices for Question Number 4 is presented in Table 

5. 

Table 5. Number of Student Answers for Number 4 

Answer Options 
The Number of 

Students 

A 

B 

C 

D 

E* 

7 (26,9%) 

5 (19,2%) 

4 (15,4%) 

5 (19,2%) 

5 (19,2%) 

 

In question number 4, students were asked to determine the correct statement related to factors 

that affect heat capacity. The question statement was based on the definition of heat capacity. However, 

the choices made by students in selecting answers indicate that they still do not fully grasp the concept 

of heat capacity. 

Students who selected options A and D linked the problem to the equation 𝐶 =
𝑄

∆𝑇
. They 

believed that heat capacity is directly proportional to Q and inversely proportional to ∆T. This suggests 

that students are simply memorizing formulas without truly understanding the underlying concepts 

(Prahestiningtyas & Sulisworo, 2022). 

The distribution of student answers for question number 8 is shown in Table 6. 

Table 6. Number of Student Answers for Number 8 

Answer Options 
The Number of 

Students 

A 

B* 

C 

D 

E 

2 (7,7%) 

3 (11,5%) 

15 (57,7%) 

3 (11,5%) 

3 (11,5%) 

 

In question number 8, students are asked to determine the correct statement regarding the 

concept of thermal equilibrium, specifically the temperature of flour, nails, and water when placed in an 

oven heated to 60°C (140°F) and left for an extended period. Based on Table 6, the student responses 

indicate a lack of understanding of thermal equilibrium.  

Many students incorrectly believe that the temperature of the nail will exceed 60°C due to their 

conductivity, while the flour, being a poor conductor, will have a lower temperature. 

The distribution of student responses for question 10 is shown in Table 7. 

Table 7. Number of Student Answers for Number 10 

Answer Options 
The Number of 

Students 

A 

B* 

C 

D 

E 

6 (23,1%) 

6 (23,1%) 

7 (26,9%) 

6 (23,1%) 

1 (3,8%) 

 

In question number 10, similar to question number 8, the concept of thermal equilibrium is 

discussed. Students are required to determine the temperature comparison of wooden, metal, and plastic 

bowls of the same size placed on the kitchen table overnight with a room temperature of 75° F 

throughout the time. Based on Table 7, the student options show that students still do not grasp the 
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concept of thermal equilibrium accurately. Students seem to have similar misconceptions as in question 

8. Students selecting options C and D assume that the metal bowl has a higher temperature than the other 

two bowls because metal is a conductor that transfers heat faster.  

Based on the results of the analysis of students' answers to the three difficult questions, it can 

be concluded that many students have misunderstandings about heat capacity and heat equilibrium. 

Research by Listyaningrum & Widodo (2024) stated that the effect of size value ranges from 

0.30 to 0.72, which means it is in the moderate category for temperature and heat materials. Interview 

research conducted by Apriyanti et al. (2024) revealed that there were nine misconceptions held by 

students, which fell into the moderate category, accounting for 63.85%. Misconceptions about 

temperature and heat often occur in the concepts of object size, changes in state, Black's Principle 

phenomena, and heat transfer processes (Sofianto & Irawati, 2020). Meanwhile, research by Suhaila et 

al. (2024) revealed that student misconceptions occurred in the sub topics of temperature, expansion, 

heat radiation, specific heat, heat exchange, heat transfer, and states of matter.  

The limitation of this study is that interviews were not conducted, so the researcher did not delve 

deeply into students' perceptions when answering questions on the material on temperature and heat. 

Interviews can be used to identify student misconceptions (Prasetya et al., 2024). 

 

CONCLUSION 

In understanding the concept of temperature and heat, eleventh-grade students in Science-Three 

at Senior High School 8 Malang are still in the moderate category. The study results stated that many 

students misunderstand the concept of heat capacity and heat equilibrium. The first mistake is in 

understanding the factors that affect heat capacity. Students are influenced by the mathematical equation 

𝐶 =
𝑄

∆𝑇
 and ultimately think that changes in heat and temperature affect heat capacity. The second 

mistake is in understanding the concept of heat equilibrium among three objects with the same mass 

placed in a location with the same temperature. They associate it with the type of material used affecting 

the temperature of the object. They assume that objects made of conductive materials will have a higher 

temperature because they absorb heat faster. Therefore, further research recommendations 

include conduct in-depth interviews with research subjects to determine the extent of their 

understanding of the material on temperature and heat, as well as identifying any difficulties 

they may still experience. In-depth interviews were used to gain first-hand insights and experiences from 

participants. 
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