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 ABSTRACT 

This research is a descriptive qualitative study that aims 

to identify junior high school students' misconceptions 

regarding Motion and Force and to analyze gender 

differences. The research sample consisted of 30 students, 

namely 15 males and 15 females, from SMP 1 Burneh 

Bangkalan. The instrument used was the Three-Tier 

Diagnostic Test, which grouped students' understanding 

into the categories Know the Concept, Don't Know the 

Concept, and Misconception. The results showed a fairly 

high level of misconceptions in several topics. In the MK 

3 category, female students showed a 26.2% and male 

students 26.7% on the topic of Average Speed. In the MK 

2 category, the topic of Influence of External Forces had 

a high level of misconceptions, namely 16.7% in both 

genders. In the MK 1 category, the topic of Aerodynamics 

and Friction showed misconceptions of 20.0% in female 

students and 33.3% in male students. Overall, the gender 

analysis showed that both genders experienced 

misconceptions, but with different tendencies in each 

category. 
 

 

INTRODUCTION 
 

Understanding basic physics concepts, particularly those related to motion and force, is a key foundation 

in science learning because it serves as the foundation for understanding advanced physics concepts 

and various applications of modern technology (Basri et al., 2024). Proper mastery of these concepts 

enables students to develop analytical skills, critical thinking skills, and interpret natural phenomena 

https://ejournal.edukhatulistiwa.com/index.php/ESJ
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scientifically. However, in practical learning, students often have initial understandings that do not align 

with scientific concepts. These errors can persist into higher levels of education if not successfully 

corrected (Maliada et al., 2022). This situation makes understanding basic concepts a crucial aspect of 

physics education. 

Misunderstanding, known as misconceptions, are a serious problem because they are strong and 

embedded in students' cognitive structures (Rokhim et al., 2023). Misconceptions are a major obstacle 

in the process of transferring and constructing new knowledge and significantly impact students' 

academic performance. If not identified early, misconceptions can reduce the effectiveness of learning 

even though students have received correct scientific explanations (Isnaini et al., 2024). The topic of 

motion and force, although close to everyday life, is a topic that often experiences misconceptions. 

Students often misunderstand the relationship between force, motion, and acceleration, as well as the 

concepts of friction, normal force, and Newton's law of action-reaction (Safriana & Irfan, 2021; Sila et 

al., 2024). 

Conceptually, misconceptions in physics are influenced by students' prior understanding before 

formal learning. Initial concepts that do not align with scientific principles can be a barrier to 

understanding new materials and are often difficult to change because they stem from personal 

experience and everyday intuition (Maliada et al., 2022; Tenzin, 2024). Therefore, an evaluation 

instrument capable of comprehensively and accurately identifying misconceptions is needed. One 

widely used instrument is the Three-Tier Diagnostic Test, which consists of three components: multiple-

choice questions, reasons for answers, and students' level of confidence (Kustiarini et al., 2019). The 

three-tier test instrument not only identifies correct or incorrect answers but also allows measuring the 

reasons behind the answers and the level of student confidence in the explanations (Khoiri & Zainuddin, 

2024; Aini & Untoro, 2025). There are three levels in the three-tier test. The first level will ask for 

student’s knowledge of the basic concepts of a phenomenon in the form of multiple choices. The second 

level will review student reasoning based on the results of choosing answers at the first level (Atmaja 

& Samsudin, 2023). Finally, the third level will ask about the answers to the first and second levels 

(Maulana et al., 2025). These findings highlight the urgency of more in-depth, systematic identification 

of misconceptions. 

In addition to cognitive factors, individual factors such as gender are thought to influence 

students' understanding of physics concepts through differences in interests, attitudes, learning 

motivation, and social experiences. Recent research shows that although no significant differences were 

found between male and female students in understanding the physics concept of Work and Energy, 

students' learning interests, both cognitive and emotional aspects. Were significantly correlated with 

their understanding of the concept, indicating the importance of motivational factors in physics learning 

(Safitri & Kusairi, 2025). The application of a similar diagnostic instrument in Indonesia shows that 

high school students still experience quite high levels of misconceptions in various physics topics 

(Yuberti et al., 2020). However, research on physics misconceptions in Indonesia generally focuses on 

identifying general levels of misconceptions without considering gender differences. However, gender-

based analysis is crucial for providing a more comprehensive picture in designing inclusive learning 

strategies that are responsive to student characteristics. The aims of this study are to identify the level 

and form of students' misconceptions on the material of motion and force using the Three-Tier 

Diagnostic Test and to analyze the differences in the level of misconceptions between male and female 

students. 

 

 

METHOD 
 

The quantitative descriptive method was chosen for this study. The research was conducted at a junior 

high school located in the Burneh District, Bangkalan Regency. In this study, the sample comprised 15 

male and 15 female students from Grade VIII of SMPN 1 Burneh. In this research, a testing technique 

was used to collect data, with the instrument in the form of a Diagnostic Three-tier Test on the topic of 

Motion and Force. This test was designed to detect students' misconceptions through three stages: 

multiple-choice questions, selection of supporting reasons, and confidence level assessment. In the first 

stage, students selected answers from four options. In the second stage, they chose the appropriate 
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reason from four available options. The final stage involved a confidence assessment, in which students 

indicated their confidence in their chosen answers by selecting "confident" or "not confident" 

(Kustiarini et al., 2019). The instrument used in this study was developed by adapting validated 

measurement tools from previous research, as described by Isnainai et al. (2024). Based on the 

categories in the Three-tier Test categories, the data were analyzed to identify the types of understanding 

students possess. The detailed classification of students' understanding categories is shown in Table 1. 

 

Table 1. Classification of Students' Understanding Categories 

Student Response 

First Tier Second Tier Third Tier Category Code 

Correct Correct Certain Understanding the concept TK 

Correct Correct Not Sure Don't Know The Concept (Lucky Guess) TTK 

Correct Wrong Not Sure Don't Know The Concept TTK 

Wrong Correct Not Sure Don't Know The Concept TTK 

Wrong Wrong Not Sure Don't Know The Concept TTK 

Correct Wrong Certain Misconception 1 (False Positive) MK 1 

Wrong Correct Certain Misconception 2 (False Negative) MK 2 

Wrong Wrong Certain Misconception 3 MK 3 

 

The TK category indicates that students understand the concept correctly, as their answers, 

reasoning, and confidence are consistent with accurate conceptual understanding. TTK describes a 

condition in which students do not understand the concept, as evidenced by incorrect answers or 

reasoning accompanied by low confidence. MK 1 represents the first type of misconception, occurring 

when students provide correct answers but incorrect reasoning, while showing high confidence, 

indicating that the misunderstanding is firmly embedded. MK 2 refers to the second type of 

misconception, characterized by incorrect answers but seemingly correct reasoning, with high 

confidence, reflecting an inaccurate understanding that students believe is correct. Finally, MK 3 

appears when both the answers and the reasoning are incorrect yet accompanied by high confidence, 

indicating the strongest form of misconception, as the entire basis of reasoning is inaccurate yet strongly 

believed to be correct (Isnaini et al., 2024). 

 

 

RESULTS AND DISCUSSIONS 

 
This research results the form of a combination of students' answers to reasoned multiple-choice 

questions, using a three-level test. Table 2 presents the results of grouping student answers into 

conceptual understanding categories using the Three-Level Diagnostic Test instrument (see Table 1). 

This grouping includes the categories TK (Understand the Concept), TTK (Don't Understand the 

Concept), MK 1 (Misconception 1 – False Negative), MK 2 (Misconception 2 – False Positive), and 

MK 3 (Misconception 3), which describe the level of understanding and forms of misconceptions that 

students have for each question indicator. The presentation of data in this table aims to provide a more 

detailed picture of students' patterns of understanding and misconceptions in the material being tested, 

enabling comprehensive analysis in the results and discussion sections. 
 

Table 2.Grouping of Questions and Materials 

Topics Question 

No. 

Percentage 

TK TTK MK 1 MK 2 MK 3 

Male Female Male Female Male Female Male Female Male Female 

Inertia 1 0 0 3.3 0 26.7 10 3.3 13.3 16.7 26.7 

3 13.3 10 13.3 0 3.3 10 0 0 20 30 

6 16.7 36.7 10 0 0 3.3 6.7 3.3 16.7 6.7 

Average speed 2 0 0 15.3 3.3 0 20 7.7 0 26.7 26.7 
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Topics Question 

No. 

Percentage 

TK TTK MK 1 MK 2 MK 3 

Male Female Male Female Male Female Male Female Male Female 

Speed and Slope 

graph 

4 0 13.3 20 0 20 3.3 3.3 26.6 6.7 6.7 

Influence of 

external forces 

5 0 6.7 6.7 3.3 3.3 3.3 16.7 16.7 23.3 20 

Lift Force and 

gravity 

9 3.3 36.7 13.3 0 10 6.7 6.7 6.7 16.7 0 

Friction and 

braking forces 

7 10 23.3 13.3 3.3 3.3 13.3 13.3 3.3 10 6.7 

Aerodynamics 

and friction 

8 3.3 10 13.3 0 20 33.3 6.7 6.7 6.7 0 

Gravity and 

acceleration 

10 16.7 33.3 10 3.3 6.7 6.7 3.3 3.3 13.3 3.3 

 

The data in Table 2 was then analyzed for misconceptions only for each topic, expressed as an 

average percentage of misconceptions. Details of the results of this average percentage calculation can 

be seen in Table 3. 
 

Table 3. Grouping of average percentage of students' misconceptions 

Topics Average MK Percentage 

MK 1 MK 2 MK 3 

 Male Female Male Female Male Female 

Inertia 10.0 5.5 3.3 5.5 17.8 21.1 

Average speed 0.0 20.0 7.7 0.0 26.2 26.7 

Speed and Slope graph 20.0 3.3 3.3 26.6 6.7 6.7 

Influence of external 

forces 

3.3 3.3 16.7 16.7 23.3 20.0 

Lift Force and gravity 10.0 6.7 6.7 6.7 16.7 0.0 

Friction and braking 

forces 

3.3 13.3 13.3 3.3 10.0 6.7 

Aerodynamics and 

friction 

20.0 33.3 6.7 6.7 6.7 0.0 

Gravity and acceleration 6.7 6.7 3.3 3.3 13.3 3.3 

Average 8.75 11.1 6.4 8.6 15.1 10.6 

 

Based on Table 3, which shows the grouping of average misconceptions (MK) among students, 

there are clear differences in the levels of misconceptions across eight physics topics and three 

categories of misconceptions (MK 1, MK 2, and MK 3). Overall, the Misconception 3 (MK 3) group 

recorded the highest total mean misconception score, namely 15.1% for males and 10.6% for females. 

In contrast, the Misconception 2 (MK 2) group had the lowest mean, with 6.4% for males and 8.6% for 

females. Interestingly, in MK 1 and MK 2, females had slightly higher mean misconceptions, but for 

MK 3, males showed a significantly higher mean score. Analysis by topic revealed that the 

Aerodynamics and friction in MK 1 for females topic had the highest misconception rate, at 33.3%. In 

addition, the average speed in MK 3 was high for both genders, at 26.2% for males and 26.7% for 

females. Meanwhile, the peak misconception value in MK 3 for females was observed in the Inertia 

topic, at 21.1%. On the other hand, the lowest value or zero (0.0) appeared in various categories, 

including the topic of Average Speed in MK 1 for males and MK 2 for females, as well as the topics of 

Lift and Gravity, Aerodynamics, and Friction in MK 3 for females.    
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Inertia 

 

 
Figure 1. Comparison of The Percentage Level of Misconceptions Between Female and Male 

Students on The Topic of Inertia 

 

The Figure 1 shows a comparison of misconceptions among female and male students on the 

topic of inertia, with MK 1 in female students at 5.5% and in male students at 10%. In comparison, the 

percentage of MK 2 in female students was 5.5%, and in male students was 3.3%. The percentage of 

MK 3 in female students reached 21.2%, and male students was 17.8%. Based on the highest percentage, 

the misconception was more prevalent in MK 3, with female students showing a higher percentage of 

misconceptions than male students. The pattern of MK 3 is the wrong answer, the wrong reason, and 

the level of confidence is certain. It occurs because students assume that when the truck brakes 

suddenly, the water in the bottle continues to move in the direction of the truck's previous speed due to 

inertia (Isnaini et al., 2024). Meanwhile, the correct concept according to Isnaini et al. (2024) is that 

objects tend to maintain their state of motion.  

 

Average Speed 
 

 
Figure 2. Comparison of The Percentage Level of Misconceptions Between Female and Male 

Students on The Topic of Average Speed 
 

The Figure 2 shows a comparison of misconceptions among female and male students on the 

topic of average speed, where MK 1 in female students reached 20% and in male students 0%, while 

MK 2 in female students reached 0% and in male students 7.7%. The percentage of MK 3 in female 

students reached 26.7% and male students 26.7%. Based on the highest percentage, the misconception 

is more prevalent in MK 3, among both female and male students. The pattern of MK 3 is wrong 

answers, wrong reasons, and a certain level of confidence. In this topic, students assume that the average 

speed is calculated by dividing the total distance travel by the total time required. While the correct 

concept is that average speed is not the arithmetic mean of the speeds in the journey, but depends on 
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the total distance and time (Isnaini et al., 2024). The results of this study are in line with research 

conducted by Chrysostomou (2022), which concluded that no significant differences were found 

between men and women in the dominant misconception scores in mechanics. 

 

Speed and Slope Graph 

 

 
Figure 3. Comparison of The Percentage of Misconception Levels of Female and Male Students on 

The Topic Speed and Slope Graph 
 

The Figure 3 shows a comparison of misconceptions among female and male students on the 

topic of average speed, where MK 1 in female students reached 3.3% and in male students 20%, while 

MK 2 in female students reached 26.6% and in male students 3.3%. Meanwhile, the percentage of MK 

3 in female students reached 6.7% and male students 5.7%. It shows that male students have a high 

level of misconceptions regarding the Speed and Slope graph for the motion of objects. However, in 

the MK 2 category, female students had a higher percentage than male students in MK 1. The pattern 

in MK 2 was that the answer was wrong, the reason was correct, and the level of confidence was certain. 

It occurred because students assumed that the relationship between the slope of a position-time graph 

and an object's velocity was the same. Meanwhile, the correct concept is the relationship between the 

slope of the graph and velocity, where a steeper graph line indicates a higher speed and vice versa 

(Isnaini et al., 2024). 
 

Influence of External Forces 
 

 
Figure 4. Comparison of the Percentage of Misconception Levels of Female and Male Students on 

The Topic Influence of External Forces 

 

The Figure 4 shows a comparison of the levels of misconceptions among female and male 

students on the topic of average speed, where MK 1 in female students reached 3.3% and in male 

students 3.3%, while MK 2 in female students reached 16.7% and in male students 16.7%. Meanwhile, 

the percentage of MK 3 in female students reached 23.3% and male students 20%. It shows that male 

3,3%

26,6%

6,7%

20%

3,3%
5,7%

0

5

10

15

20

25

30

MK 1 MK 2 MK 3

Female Students Male Students

3,3%

16,7%

23,3%

3,3%

16,7%

20%

0

5

10

15

20

25

MK 1 MK 2 MK 3

Female Students Male Students



 
EQUATOR SCIENCE JOURNAL (ESJ)  e-ISSN: 2988-3881 
Volume 4, Issue 1 (2026) 8-17 

 

13 

 

students have a high level of misconceptions about the influence of external forces on the motion of 

objects. However, in the MK 3 category, female students have a higher percentage than male students 

in MK 2. The pattern of MK 3 is the correct answer, the reason is correct, and the level of confidence 

is certain. It occurs because students often assume that the ball's trajectory will not curve even if there 

is an influence of wind, or they misinterpret the effect of wind only on the speed of the ball without 

changing the trajectory (Isnaini et al., 2024). 

 

Lift Force and Gravity 

 

 
Figure 5. Comparison of the Percentage of Misconception Levels of Female and Male Students on 

The Topic Lift Force and Gravity 

 

Based on the data on the level of misconceptions of 8th-grade students on question number 5, the 

Figure 5 shows the percentage in MK1 13.3% in female students and 3.3% in male students, MK2 3.3% 

in female students and 13.3% in male students, MK3 6.7% in female students and 10% in male students. 

The level of misconceptions about lift and gravity in MK1 and MK2 shows the same percentage; 

therefore, it can be concluded that the topic of lift and gravity is dominant in MK1 with a true, false, 

sure pattern and in MK2 with a false, true, sure pattern. MK1 and MK2 were chosen because they have 

a higher percentage of misconceptions of one gender than MK3. Many students still misunderstand the 

concept that an airplane can remain stable in the air (Isnaini et al., 2024). According to previous 

researchers, airplanes can fly stably in the air because there is a dynamic balance among the four main 

aerodynamic forces: lift, gravity, thrust, and drag. To achieve a state of stable flight (at a constant 

altitude and speed), these forces must balance each other: the lift force, which is generated mostly by 

the shape of the wings, according to Bernoulli's principle, must equal the force of gravity pulling the 

airplane down. At the same time, the thrust generated by the airplane's engines must be proportional to 

the drag force acting to stop forward motion (John & Anderson, 2017). This balance between opposing 

forces (lift, weight, thrust, and drag) ensures the airplane maintains its desired path and altitude. The 

design of the wings and tail also enhances stability, allowing the airplane to adjust to small disturbances 

and maintain its orientation automatically. This idea is the basis of the field of Aerodynamics and 

Aircraft Performance (John & Anderson, 2017). 

 

Friction and Braking Forces 

Based on the Figure 6 of the misconception level of 8th-grade students in question number 6, it 

shows that MK 1 in female students is 33.3% and in male students is 20%, MK 2 in female students 

and male students both show a percentage of 67.7%, MK 3 in female students is 6.7% and in male 

students is 0%. The data graph of the dominant misconception level in MK1 shows a true/false/unsure 

pattern, suggesting that the high percentage indicates many students have a wrong understanding of the 

concept or do not understand it. A greater braking force will result in faster deceleration, such as car A 

stopping faster than car B (Isnaini et al., 2024). 
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Figure 6. Comparison of The Percentage of Misconception Levels Between Female and Male 

Students on Friction and Braking Forces 

 

The Net Force experienced by a vehicle when braking is a combination of various rearward 

forces, especially the Brake Force, which acts against the direction of motion. When the Brake Force is 

increased (assuming the vehicle's mass remains constant), the Net Force acting against the direction of 

motion will also increase, resulting in greater negative acceleration, or what is often referred to as more 

effective deceleration (Saputra & Fauji, 2022). This higher deceleration directly indicates that the time 

and distance required for the vehicle to reach a stationary state will decrease, which is a basic principle 

in braking mechanics and brake system design (Saputra & Fauji, 2022). Ngazizah (2024) emphasized 

that although there are differences in the percentage of misconceptions between men and women, these 

differences do not indicate a consistent superiority of men against misconceptions; women are actually 

higher in this study. 

 

Aerodynamics and Friction 

 

 
Figure 7. Comparison of The Percentage of Misconception Levels of Female and Male Students in 

Aerodynamics and Friction 

 

Based on the Figure 7, the level of misconceptions shows a percentage of 6.7% in female students 

and 10% in male students in MK 1, 6.7% in female and 10% in male students in MK 2, 6.7% in female 

and 16.7% in male students in MK 3, and 16.7% in male students in MK 3. The bar graph shows that 

the highest percentage is in MK 3 in males, which is 16.7%. MK 3 indicates a pattern of wrong, wrong, 

sure, which means. This high percentage indicates that many male students hold this misconception, as 

they may not understand that the circular shape is more aerodynamic than an octagonal one, thereby 

reducing friction and accelerating movement on an inclined plane (Isnaini et al., 2024). It may indicate 

that female students have a better understanding of the concepts of Aerodynamics and Friction. In the 
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basic principles of aerodynamics, flow velocity and forces act on an object, affecting its performance 

and efficiency (Afrianto et al., 2020). Friction force is a force that is proportional to the state of 

lubrication on the surface of the interacting objects (Fitrianto et al., 2015). 

 

Gravity and Acceleration 

 

 
Figure 8. Comparison of The Percentage of Misconception Levels Between Female and Male 

Students on The Topic of Gravity and Acceleration 

 

The Figure 8 shows a comparison of misconceptions among female and male students on the 

topic of average speed, with MK 1 in female students at 6.7% and in male students at 6.7%. In 

comparison, MK 2 in female students reached 3.3%, and in male students, 3.3%; for MK 3, in female 

students, 3.3%, and in male students, 13.3%. It shows that male students have a high level of 

misconceptions about gravity and acceleration. However, in the MK 3 category, male students have a 

higher percentage than in MK 1, both among female and male students. The pattern of MK 3 is wrong 

answers, wrong reasons, and a certain level of confidence. It occurs because students often assume that 

acceleration depends solely on the pushing force from the rider, rather than on gravity (Isnaini et al., 

2024). The correct concept is that gravity exerts an acceleration in addition to the force the rider applies. 

Scientifically, gravity provides a constant acceleration of approximately 9.8 m/s2 to all objects on Earth. 

Therefore, changes in the movement. The three-tier test instrument not only identifies correct or 

incorrect answers but also allows measuring the reasons behind the answers and the level of student 

confidence in the explanations. Movement of an object are strongly influenced by the applied force (for 

example, the push from the rider) plus the pull from our planet. This explanation is in line with Newton's 

Law of Gravity and is supported by several studies on gravitational acceleration, including research by 

Muryanto et al. (2024). According to our study, male students' understanding of the concept in male 

students is usually lower than that in female students. Male students are indeed more active in class, but 

unfortunately, this activeness often makes them difficult to manage. It makes them more likely to skip 

class and consequently lose a lot of learning time. On the other hand, according to Amir (2013), female 

students have better learning outcomes because they are more motivated and more active in completing 

schoolwork than male students. 

 

 

CONCLUSION AND SUGGESTION 

 
This study confirms that misconceptions about motion and force are prevalent. The main findings show 

significant differences in how well students understand concepts by gender. Gender-based analysis 

revealed clear distinctions, with male students predominantly falling into the MK 3 category, averaging 

15.1%, indicating high confidence even when their answers were incorrect. On the other hand, female 

students were mostly classified within the Know the Concept (TK) and Do Not Know the Concept 

(TTK) groups. However, in some cases, such as aerodynamics and friction in MK 1 and inertia, female 
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students were frequently identified in the MK 3 category, with a 33.3% rate. These findings highlight 

the importance of using three-tier diagnostic tests for accurate assessment and demonstrate that gender-

based analysis is highly useful for identifying different patterns of conceptual errors. It enables more 

targeted and responsive instructional approaches. 

Further research is expected to explore non-cognitive elements, such as risk-taking behavior, that 

may contribute to the high level of confidence (MK 3) observed among male students in incorrect 

contexts. In addition, evaluations of the effectiveness of instructional models and gender-adapted 

conceptual change approaches are recommended to address varying patterns of misconceptions. To 

improve the generalizability of the findings, future studies are advised to increase and broaden the 

sample size by including participants from more diverse school backgrounds. 
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