
International Journal of Evaluation and Research in Education (IJERE) 

Vol. 12, No. 4, December 2023, pp. 1914~1924 

ISSN: 2252-8822, DOI: 10.11591/ijere.v12i4.25568   1914  

 

Journal homepage: http://ijere.iaescore.com 

Students’ conceptual understanding and causes of 

misconceptions on Newton’s Law 
 

 

Rania Atara Isra, Fatni Mufit 
Department of Physics, Faculty of Mathematics and Natural Science, Universitas Negeri Padang, Padang, Indonesia 

 

 

Article Info  ABSTRACT 

Article history: 

Received Sep 27, 2022 

Revised Sep 1, 2023 

Accepted Sep 15, 2023 

 

 The aim of this research is to examine students’ conceptual comprehension 

and misconception causes on Newton’s Law material with a survey research 

method. The data collection instruments used five-tier multiple-choice tests 

and teacher interview guidelines. The sample selected was 259 students from 

three schools with the school categories of high, medium, and low as well as 

three physics teachers in these schools. The research results showed that the 

average misconception in the high, moderate, and low-category schools was, 

respectively, 19.4%, 20.61%, and 37.82% with the most misconceptions of 

each school category, on how to describe the force acting on objects, on how 

to investigate the direction of motion of objects on a particular trajectory, 

and on how to explain Newton’s Law I and the nature of inertia. Students in 

low-category schools experienced more misconceptions than medium and 

high-category school learners. The causes of misconceptions in the three 

categories of schools mostly came from the personal thoughts of the learners 

themselves. The implication of this research is that students in all school 

categories tend to experience misconceptions, mainly due to personal 

thoughts. Teachers are advised to identify and remediate students' 

misconceptions so that they do not hinder their learning progress. 
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1. INTRODUCTION 

Concepts comprehension is important in learning science because one of the aspects of scientific 

literacy is that students can grasp science concepts. Among the issues in physics learning, students often only 

memorize physics formulas without understanding the formulas and do not care about understanding physics 

concepts [1]–[3]. These students are often unable to apply physics learning in everyday life. The habit of 

students who only memorize physics formulas without caring about the concepts can hinder their learning 

process [4]. In learning physics, students should know and understand the concepts besides memorizing 

physics formulas. Learners are said to have concepts if they have a clear understanding and are following the 

real meaning. Conceptual knowledge is knowledge in the form of comprehension, definition, characteristics, 

and components of an object.  

From the results of some studies, not all of students are able to comprehend the concepts taught 

during learning correctly. Many of these learners have a different understanding than the average physicist 

[5]–[8]. This distinct understanding is popularly called misconception. A misconception is the concepts 

comprehended by students in a way that is different from the concepts proposed by previous researchers [2], 

[9]–[14]. Misconceptions are also defined as significant differences between a person’s understanding of 

concepts and their actual concepts and meanings [15], [16]. Misconceptions occur in all concepts of physics, 
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such as in the fields of mechanics, optics and waves, heat and thermodynamics, electricity and magnetism, 

modern physics, and the solar system. Misconceptions in the field of mechanics are more studied than in 

other fields [2], [4], [16]. Newton’s Law belongs to the materials in physics subject that students still 

experience many problems because of a lack of concepts mastery regarding force, Law of Newton I, Law of 

Newton II, and Law of Newton III [17]. 

One of the solutions to the problem of misconceptions is to identify and remediate them. The use of 

diagnostic tests is one of the alternatives to figure out students’ misconceptions [13], [18]. Tests of diagnostic 

are tests designed for the purpose to precisely figure out and identify the weaknesses and strengths of 

students in a particular lesson [2], [11], [18], [19]. A diagnostic test is an instrument intended to pinpoint 

students’ learning problems in comprehending the concepts in a certain material [20], [21]. Multiple-choice, 

interviews, and open-ended questions are among the instruments that can be used in diagnostic tests for 

detecting misconceptions [22]–[24]. Some types of multiple-choice diagnostic tests are simple multiple-

choice, two-tier multiple-choice, three-tier multiple-choice, four-tier multiple-choice, and five-tier multiple 

choice tests [23], [25]. 

The five-tier multiple choice test is a development of the four-tier multiple choice where in the fifth 

tier, a tier is added which contains the source of information used to answer questions. Previous studies that 

have been developed to find out misconceptions the students have when learning the material of Newton’s 

Law are by the use of three-tier multiple choice and four-tier multiple choice diagnostic tests. The research 

using the three-tier multiple choice diagnostic test has been developed by several researchers [14], [26], 

while other researchers have developed the four-tier multiple choice diagnostic test [7], [17], [27]. There has 

not been found any research reports regarding five-tier multiple choice used in Newton’s Law material to 

identify misconceptions and their causes. 

The five-tier diagnostic test compared to other diagnostic tests has some advantages such as it can 

explain more when identifying student misconceptions and can discover students’ level of concept 

understanding. Students’ intensity of utilizing information sources in answering questions can also be shown. 

So it will be easy for teachers to find solutions to overcome misconceptions that occur [25]. The instruments 

of five-tier multiple choice have not been designed extensively to identify misconceptions and their causes. 

The five-tier multiple choice instrument has five levels. Level one covers questions and answers in the form 

of multiple choice, level two seeks the confidence of the learners in choosing the answers at the previous 

level, level three explores the reasons why the learners select the answers of the first levels’ questions, level 

four contains the confidence of learners in choosing the answers at level three, and level five identifies the 

sources used by the learners in solving the questions at both levels one and three. The fifth tier can find out 

the causes of the misconceptions [12], [18]. The importance of knowing the causes of misconceptions is to be 

able to find out why misconceptions occur. The causes of misconceptions might come from books used 

during learning, teachers’ explanations, personal thinking, the internet, and others [5]. Table 1 shows the 

format of the instrument of the multiple choice with five-tiers. 

 

 

Table 1. Five-tiers multiple choice format [18] 
Nth question 

Tier Tier type Value 

1 Answer choice A. (The 1st answer option) 
B. (The 2nd answer option) 

C. (The 3rd answer option) 

D. (The 4th answer option) 

E. (The 5th answer option) 

2 Confidence level in the choice of answer A. Sure 

B. Unsure 
3 The choice of reason A. (Reason option 1) 

B. (Reason option 2) 

C. (Reason option 3) 
D. (Reason option 4) 

E. (Reason option 5) 

4 The degree of confidence in the choice of reason A. Sure 
B. Unsure 

5 Sources of information A. Book 

B. Teacher 
C. Personal thought 

D. Internet 

E. Other 
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Misconceptions that occur in learners, need to be identified to be given solutions so that they do not 

continue and interfere with the understanding of learners in the next stage of learning [11], [28]. 

Misconception causes need to be identified to figure out the feasible solutions so that further learning of 

physics can be carried out [29]. Misconceptions that occur in physics learning have a great impact or 

influence that can impact subsequent learning [1], [27], [30]. So, an earlier concepts must be understood 

correctly, before continuing to study the next concept [31].  

The students’ misconceptions causes can derive from textbooks used during the learning process, 

from teachers, personal thoughts, and others [5], [32]. Misconceptions owned by the students can be treated if 

the cause is known [12]. Therefore, misconceptions and their causes need to identify so that in the next 

lesson, they can be minimized, including in Newton's law material. From the previous discussion of the 

problems, this study aims to analyze the level of conceptual comprehension of the students in Newton’s Law 

and analyze the causes of misconceptions. 

 

 

2. RESEARCH METHOD 

This research uses a descriptive study with survey methods. The instruments employed in this 

research were the five-tier multiple choice test and the teacher interview guide. The five-tier multiple choice 

test was deployed to identify students’ conceptual comprehension and to figure out the causes of 

misconceptions. The teacher interview guide aimed to find out the learning method used by the teacher in 

delivering Newton’s Law material. There were three physics teachers from different school categories as the 

respondents in this study. The research population is all learners of class X in public high schools in Pasaman 

Regency, Indonesia for the 2021/2022 academic year. The population used is 12 public high schools in 

Pasaman Regency, Indonesia. The purposive sampling technique was used to select the samples. 

The sampling was based on school accreditation groups and an overall score of all subjects tested in 

the 2019 National Examination. The number of samples used was 259 students from three public senior high 

schools representing high, moderate, and low category schools. The whole population in high-category 

schools is 232 students, in medium-category schools is 86 students, and in low-category schools is 27 

students. Therefore, the sample obtained was 259 students that represented high-category schools with as 

many as 161 students, medium-category schools with as many as 71 students, and low-category schools with 

as many as 27 students. The number of samples in this research was calculated using the equations of Issac 

and Michael [33] (1). 

 

𝑆 =
𝜆2×𝑁×𝑃×𝑄

𝑑2(𝑁−1)+𝜆2×𝑃×𝑄
 (1) 

 

Where, S is number of samples, λ is Chi-squared whose value depends on the degrees of freedom and error. 

For a degree of freedom of 1 and an error of 5%, the value of chi-squared is 3.841, N is whole population,  

P is right probability (0.5), Q is error probability (0.5), and d is difference between the average of the samples 

and the average of population: 0.01; 0.05; and 0.1. 

The instrument for gathering the data in this research used an objective/multiple choice test in the 

form of a five-tier multiple choice. There are 14 questions with a total of seven question indicators, namely 

investigating the distance of falling objects, investigating the direction of motion of objects on a certain 

trajectory, explaining Newton’s Law I and the nature of inertia, deciphering the forces acting on objects, 

understanding the concepts in Newton’s Law II, analyzing the relationship of forces and masses of objects 

moving straight in order, and understanding the concept of Newton’s Law III. This instrument was obtained 

from previous researchers [34] which was a four-tier multiple choice.  

Then for this study, the fifth tier was added to this four-tier multiple-choice instrument regarding the 

sources of information obtained by students in answering questions at the previous tier. Sources of 

information in the fifth tier are to find out the causes of misconceptions. In the fifth tier, students can choose 

sources of information on answers, with choices: from books, teachers, personal thoughts, and the internet. 

The trial of the five-tier multiple choice instrument’s questions was conducted in one class with 34 

students. The results are used to measure validity, reliability, difficulty level, differentiability of questions, 

and distractors. Data analysis and processing used statistical package for the social sciences (SPSS) software. 

The validity test using product moment correlation resulted in all 14 questions in tier-1 and tier-3 being 

declared valid. The results of Cronbach’s alpha reliability test at tier-1 and tier-3 are respectively 0.736 and 

0.667 with reliable categories [35]. Validated and reliable instrument was tested on samples to obtain 

research results. Figure 1 shows one of the five-tier multiple choice questions from the test instrument used in 

this study. 
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Look the following picture to answer questions! 

 

 
 

The five-tier multiple choice questions (Case example: a sedan and a truck collide head-to-head) 

Tier 1 A big truck collided head-to-head with a small sedan. The correct statement describing at the time of the 

collision is? 

A. The truck exerts a greater total force on the sedan than the sedan exerts a force on the truck 

B. The sedan exerts a greater total force on the truck than the truck exerts a force on the sedan 

C. There is no force exerted by the truck on the sedan and vice versa, the sedan is destroyed just because 

it blocks the truck’s path 

D. The truck exerts a force on the sedan does not exert a force on the truck 

E. The truck exerting a force on the sedan equals to the force exerting on the truck 

Tier 2 Answer confidence level 

A. Sure 

B. Unsure 

Tier 3 Reason for choosing the answer 

A. When a truck collides with a small sedan, there is a pair of action-reaction forces with the same 

magnitude but in the opposite directions 

B. When colliding, the truck will exert a greater total force due to the truck’s greater mass compared to 

the sedan’s 

C. When colliding, the sedan will exert a greater total force than the truck so that the resultant force of 

both cars is equal to zero 

D. When colliding, both cars immediately stop so that no force is exerted by the two cars 

E. When colliding, the truck exerts the force against the sedan, but it is not true for the sedan because it 

stops directly so there is no force acting on it 

Tier 4 Confidence level of the reason 

A. Sure 

B. Unsure 

Tier 5 Sources used to answer the question 

A. Books 

B. Teachers 

C. Personal thoughts 

D. Internet 

E. Other 

 

Figure 1. Five-tier multiple choice instrument 

 

 

The learners’ answer data was then analyzed using the criteria for the level of concept 

understanding, as shown in Table 2. The interpretation of the data obtained from the test results using five-

tier multiple choice instruments is grouped into the criteria of understanding the concepts, understanding 

some of the concepts, not understanding the concepts, and misconceptions. Students’ answers based on the 

previous criteria are presented in (2). 

 

𝑃 =
𝑆

𝐽𝑠
× 100% (2) 

 

Where, P is the percentage of the number of students who experience understanding the concepts, 

understanding some of the concepts, not understanding the concepts or misconceptions, S is the number of 

students who understand the concepts, understand some concepts, do not understand the concepts or have 

misconceptions, and Js is the number of students who take the test. Based on students’ answers, the level of 

understanding of the concept and the causes of misconceptions were categorized as shown in Table 2. 
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Table 2. Interpretation of learners’ answers [32] 
Tier I Tier II Tier III Tier IV Tier V Conception level and its causes 

 
 

 

Wrong 

 
 

 

Sure 

 
 

 

Wrong 

 
 

 

Sure 

Book M-Book 
Teacher M-Teacher 

Personal thought M-Personal thought 

Friend M-Friend 
Internet M-Internet 

 

 
 

Correct 

 

 
 

Sure 

 

 
 

Correct 

 

 
 

Sure 

Book UC-Book 

Teacher UC-Teacher 
Personal thought UC-Personal thought 

Friend UC-Friend 

Internet UC-Internet 
Correct Sure Correct Unsure Book PCU-Book 

Correct Unsure Correct Sure 

Correct Unsure Correct Unsure Teacher PCU-Teacher 
Correct Sure Wrong Sure 

Correct Sure Wrong Unsure Personal thought PCU-Personal thought 

Correct Unsure Wrong Sure 
Correct Unsure Wrong Unsure Friend PCU-Friend 

Wrong Sure Correct Sure 

Wrong Sure Correct Unsure 
Wrong Unsure Correct Sure Internet PCU-Internet 

Wrong Unsure Correct Unsure 

 
 

Wrong 

Wrong 
Wrong 

 
 

Sure 

Unsure 
Unsure 

 
 

Wrong 

Wrong 
Wrong 

 
 

Unsure 

Sure 
Unsure 

Book NUC-Book 
Teacher NUC-Teacher 

Personal thought NUC-Personal thought 

Friend NUC-Friend 
Internet NUC-Internet 

M=Misconception; UC=Understand the concepts; PCU=Partial concept understanding; NUC=Not understanding the concept 
 

 

3. RESULTS AND DISCUSSION  

Based on the data from the study using the five-tier multiple choice instrument on Newton’s Law 

material, the research results can be classified into the level of students’ concept comprehension and the 

causes of the misconceptions. The data on the level of students’ concept understanding can be grouped into 

two, namely, based on school categories and question indicators. In general, Figure 2 shows the students’ 

concept understanding for all school categories. 
 

 

 
 

Figure 2. Concept understanding 
 

 

3.1. Students’ concept understanding 

3.1.1. Conceptual understanding by school categories 

The data of the students’ answers in this study were processed and presented based on conceptual 

understanding and school categories. The schools used in the sample were schools with high, medium, and 

low categories. The level of students’ understanding of concepts, namely the categories of understanding the 

concepts (UC), partial concept understanding (PCU), not understanding the concept (NUC), and 

misconception (M), was analyzed based on a combination of student answers as shown in Table 2. Based on 

these data, it can be seen the comparison of the students’ level of understanding of the concept in each school 

category. Figure 3 shows the level of conceptual understanding of the learners based on the school category. 

Figure 3 shows the percentages of students’ conceptual understanding level for each school 

category. It can be seen that high category schools have a greater percentage of students who UC than other 

category schools. Schools in the low category have a higher level of M than schools in the high and medium 

categories. Schools with a high category have a lower percentage of M.  

25.09
29.2

16.61

29.1

UC PCU NUC M
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Figure 3. Conceptual understanding by school categories 

 

 

The results of data analysis based on the level of schools' UC are experienced more by students in 

high category schools compared to medium and low-category schools, whereas low category schools 

experience more M than medium and high-category schools. This might indicate the low quality of learning 

in low-category schools. The quality of learning here can be in the form of learning methods used or applied 

by educators when teaching. The use of appropriate learning method will make it easier for students to 

understand the concepts given or conveyed. On the other hand, if the learning method used is inappropriate, it 

will make the concepts difficult to understand or may result in misconceptions. In addition, another factor 

that makes students experience not understanding the concepts and misconceptions is the low interest in 

learning. Learners who do not have an interest or motivation to learn are less likely to pay attention and focus 

on the lessons provided by the teacher.  

Based on the interviews, teachers in high and middle school categories used a combined method in 

teaching Newton’s Law material. The method covers the lecture, discussion, and question and answer 

methods. Therefore, the students can more easily understand the concepts given by the teachers. Through 

discussion as well as question and answer, it can increase understanding of the concept. The learning method 

used by educators in schools with low categories is the lecture method or teacher centered only, and 

consequently, the students do not pay attention to the learning provided by the teachers. This situation causes 

students to experience misconceptions more easily. Involving learners in discovering concepts does not yet 

exist, such as conducting experiments. Improper learning methods can lead to misconceptions in learners 

[27]. Learning that is dominantly centered on the teacher can cause students' abilities to be less trained, so 

that students have difficulty understanding concepts and tend to experience misconceptions [36]. The 

learning process that uses the experimental method will encourage students to find the correct learning 

concept and based on scientific facts so as to increase understanding of the concept [37]. 

 

3.2. Conceptual understanding by question indicators 

3.2.1. Category of understanding the concepts 

Based on question indicators, the percentage of students who understand the concepts for the three 

school categories is shown in Table 3. It can be seen that for students who understand the concepts, if the 

three school categories are compared, schools with high categories have the highest percentage compared to 

the medium and low-school categories in almost all question indicators, except for the question indicator 

“Deciphering the forces that work on objects”. The students who experienced the most understanding of the 

concept in the indicator were in the category of medium schools. 

 

 

Table 3. Data on students who understand concepts based on question indicators 

No Competency achievement indicators 
Number of 

questions 

Question 

number 

School categories 

High (%) Medium (%) Low (%) 

1. Investigating the distance at which objects fall 1 1 83.85 59.15 25.93 
2. Investigating the motion direction of objects on a 

specific trajectory 

4 3, 4, 5, 9 55.90 31.34 12.96 

3. Explaining Newton’s Law I and the nature of inertia 1 6 29.19 11.27 3.7 
4. Deciphering the forces acting on objects 3 7, 8, 10 10.56 21.13 11.11 

5. Understanding the concept on Newton’s Law II 1 13 26.09 21.13 7.4 

6. Analyzing the relationship of forces and masses of 
objects moving straight in order 

1 12 29.19 8.45 3.7 

7. Understanding the concept of Newton’s Law III 3 2, 11, 14 41.41 22.07 8.67 

Average 39.46 24.93 10.49 

39.13

29.19

12.29

17.36

25.35

33.6

20.42 20.62

10.85

33.6

15.87

39.68

UC PCU NUC M

High Category School

Medium Category School

Low Category School
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3.2.2. Category of partial concept understanding 

Based on question indicators, the percentage of students who understand some of the concepts for 

the three school categories is can be seen in Table 4. The table informs that students who experience partial 

concept understanding are mostly experienced by students in schools with medium and low categories. High 

and medium category school students who experienced the most partial concept understanding were in the 

question indicator “deciphering the forces acting on the objects” and the smallest percentage on the question 

indicator “investigating the distance of falling objects”. Low-category school students who experienced a 

partial concept understanding were most in the indicators of “investigating the direction of motion of objects 

on the trajectory” and the least in the indicators of the questions of “analyzing the relationship of force and 

mass of objects moving straight in order”.  

Students who understand the concept partially can be interpreted that they already understand or has 

understood the concept in the material, but still partly. Students who experience a partial understanding of 

concepts can be seen from the answers given to tier-1 and tier-3 questions. Students who experience a perfect 

understanding of concepts will have the correct answer in tier-1 and tier-3, but for students who understand 

the concept partially, it is only true in one of the tiers, namely between tier-1 and tier-3. 

 

 

Table 4. Data on the percentage of students who understand concepts in part based on question indicators 

No Competency achievement indicators 
Number of 

questions 

Question 

number 

School categories 

High (%) Medium (%) Low (%) 

1. Investigating the distance at which objects fall 1 1 3.73 18.31 29.63 

2. Investigating the motion direction of objects on a 

specific trajectory 

4 3, 4, 5, 9 33.39 35.56 39.82 

3. Explaining Newton’s Law I and the nature of inertia 1 6 22.36 33.8 29.63 

4. Deciphering the forces acting on objects 3 7, 8, 10 38.71 42.25 35.80 

5. Understanding the concept on Newton’s Law II 1 13 21.11 32.39 33.33 
6. Analyzing the relationship of forces and masses of 

objects moving straight in order 

1 12 30.43 26.76 18.52 

7. Understanding the concept on Newton’s Law III 3 2, 11, 14 27.12 30.05 27.16 
Average 25.26 31.30 30.56 

 

 

3.2.3. Category of not understanding the concept 

Based on question indicators, the percentage of students who do not understand the concepts for the 

three school categories can be seen in Table 5. The table shows that students who do not understand the 

concepts are mostly experienced by students in schools with medium and low categories. Medium and low 

category school students who do not understand the concepts had the highest percentage in the indicators of 

the question “analyzing the relationship of force and mass of objects moving straight in order,” namely 

29.58% and 29.63%. The high category school learners who experienced the most unfamiliar with the 

concepts are in the material “understanding the concepts in Newton’s Law II.” 

 

 

Table 5. Data on the percentage of students who do not understand the concepts based on question indicators 

No Competency achievement indicators 
Number of 

questions 

Question 

number 

School categories (%) 

High Medium Low 

1. Investigating the distance at which objects fall 1 1 5.59 11.27 11.11 

2. Investigating the motion direction of objects on a 

specific trajectory 

4 3, 4, 5, 9 5.28 16.90 16.67 

3. Explaining Newton’s Law I and the nature of inertia 1 6 18.01 21.13 3.7 
4. Deciphering the forces acting on objects 3 7, 8, 10 17.39 21.13 12.34 

5. Understanding the concept on Newton’s Law II 1 13 21.12 18.31 14.81 

6. Analyzing the relationship of forces and masses of 
objects moving straight in order 

1 12 15.53 29.58 29.63 

7. Understanding the concept on Newton’s Law III 3 2,11,14 12.84 24.88 19.75 

Average 13,68 20.46 15.43 

 

 

3.2.4. Category of misconception 

Based on question indicators, the percentage of students who experience misconceptions for the 

three school categories is shown in Table 6. The table shows that for learners who experience 

misconceptions, if the three school categories are compared, then schools with low categories have the 

highest percentage of misconceptions compared to high and medium-category schools for all question 

indicators. Students in the high-category schools experienced the most misconceptions in the question 
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indicator “deciphering the forces acting on the objects” and the least in the question indicator “investigating 

the motion direction of the objects on the trajectory.”  

The results of this study support Bayraktar’s research which stated that the most misconceptions 

happened in the concept of deciphering the forces on objects [38]. Students in medium-category schools 

experienced the most misconceptions in the indicator of the question “analyzing the relationship of the force 

and mass of objects moving straight in order” and at least in the indicator of the question of “investigating the 

distance of at which objects fall.” The results of this study are also in line with a study conducted by Reyes 

and Kurniawan which stated that 48% of students experienced a misconception about determining the mass 

of an object [39], [40]. Students in low-category schools experienced the most misconceptions in Newton’s 

Law I material. Rusilowati et al. stated the learners’ understanding which experienced the greatest 

misconceptions was in the material of Newton’s Law I [26]. 

 

 

Table 6. Data on the percentage of students who have misconceptions based on question indicators 

No Competency achievement indicators 
Number of 
questions 

Question 
number 

School categories (%) 

High Medium Low 

1. Investigating the distance at which objects fall 1 1 6.83 11.27 33.33 

2. Investigating the motion direction of objects on a 

specific trajectory 

4 3, 4, 5, 9 5.43 16.20 30.56 

3. Explaining Newton’s Law I and the nature of inertia 1 6 30.43 33.8 62.96 

4. Deciphering the forces acting on objects 3 7, 8, 10 33.33 15.49 40.74 
5. Understanding the concept on Newton’s Law II 1 13 31.67 28.16 33.33 

6. Analyzing the relationship of forces and masses of 

objects moving straight in order 

1 12 24.84 35.21 48.15 

7. Understanding the concept on Newton’s Law III 3 2, 11, 14 18.63 23.01 44.44 

Average 21.59 23.31 41.93 

 

 

According to Sundaygara et al. in their research, students’ understanding of Newton’s Law material 

is relatively low, such understanding concepts at 21%, understanding some concepts at 16%, not 

understanding concepts at 9%, and misconceptions at 54% [27]. The results of the study obtained in schools 

with low categories are in line with previous studies which showed that the misconceptions had by students 

were greater than students who understood concepts and the material that experienced the most 

misconceptions, namely the material of Newton’s Law I with 62.96%. Schools in the medium category that 

have experienced the most misconceptions are in the indicators about analyzing the relationship of force and 

mass of objects that move straight in order, while for high-category schools the most misconceptions occur in 

the indicators describing the forces acting on objects. From the research results obtained, schools with low 

categories have the highest percentage of misconceptions compared to high and medium-category schools, 

whereas the highest level of understanding of concepts is found in high categories schools and followed by 

medium and low-category schools. 

Based on the research results obtained, in general, schools with low categories have the highest 

percentage of misconceptions compared to high and medium-category schools. As for the highest level of 

understanding of the concept, it is found in schools with high categories and followed by medium and low-

category schools, except for question number 10 with the question indicator "describing the forces that act on 

objects". In this problem, high-category school students experience more misconceptions than those who 

understand concepts. Medium-category school learners experience fewer misconceptions about the concept 

of deciphering the forces acting on objects. Based on interviews with teachers who teach in medium-category 

schools when teaching Newton's Law material on the concept of force acting on objects, teachers focus more 

on students in understanding how to decipher the forces that work on objects. In other words, the teacher 

gives extra instruction to learners in understanding the forces that act on the objects, so that the learner can 

understand the material better. As a result, it can reduce the occurrence of misconceptions. 

 

3.3. The causes of students’ misconceptions 

The causes of the misconception experienced by the students can be identified through the fifth-tier. 

The students’ misconceptions caused can be seen in Figure 4. It can be seen that the causes of 

misconceptions in learners are mostly caused by personal thinking for all school categories. This means that 

all levels of school, namely low, medium, and high are experiencing misconceptions caused by personal 

thoughts. The sources of misconception's causes in students can be caused by books used during learning, 

explanations given by teachers, personal thoughts, the internet, and others. The causes of misconceptions in 

high-category school students from personal thinking at an average of 87.64%, medium schools by 95.12%, 

and low schools by 68%. The personal thoughts of learners are the source of the most causes. This is also 

supported by several researches [12], [39], [41], [42], which identified misconceptions and their causes. The 
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results of Inggit’s research on the causes of misconceptions are most caused by students’ thoughts, namely 

80%; in Bayuni’s research, the most are caused by personal thoughts 22%; and in Hermanto’s research, the 

most causes of misconceptions come from the thoughts of students, as much as 39%.  

The causes of misconceptions derived from personal thinking can be caused by initial knowledge, 

learners’ associative thinking, humanistic thinking, incomplete reasoning, and wrong intuition [5], [10]. 

Learners who have initial knowledge of a concept that has not been learned under the guidance of the teacher 

often result in misconceptions. For example, in the material of Newton’s Law III, students have the initial 

knowledge that an object that has a large mass will have a greater total force than an object with a small 

mass. Misconceptions caused by personal thinking also come from the learner’s associative thinking towards 

daily terms, for example, the forces are associated with movement/action and then learners assume all forces 

can cause motion. This indicates that there is a need for improvements in the learning process and solutions 

to overcome the occurrence of misconceptions caused by the personal thoughts of students so that 

misconceptions that occur can be minimized. An alternative solution that can be provided in overcoming 

misconceptions is the implementation of a cognitive conflict-based learning (CCBL) model [43], [44]. 

 

 

 
 

Figure 4. Causes of misconceptions 

 

 

4. CONCLUSION 

Based on the results of research on analysis of misconceptions and their causes in Newton’s Law 

material using five-tier multiple-choice instruments in Pasaman Regency High Schools, it can be concluded 

that the highest misconception of high-category school students occurred in the concept of deciphering the 

forces acting on objects (33.33%). The highest misconception among medium-category school learners 

occurred in the concept of investigating the direction of motion of objects on a particular trajectory  

(35.21%). The highest misconceptions occurred in low-category school learners on the concept of explaining 

Newton’s Law I and the nature of inertia (62.96%). Misconceptions that occur in low-category schools are 

more prevalent than in other category schools. The causes of misconceptions in students are mostly caused 

by the personal thoughts of students and then followed by books, teachers, and the internet sources. These 

results indicate that misconceptions may occur in students in all school categories and are predominantly 

caused by personal thoughts. Therefore, it is suggested that teachers engage students in learning by 

conducting physics experiments to construct concepts to avoid misconceptions. 
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