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This study aims to analyze students' misconceptions on the topic of uniform circular motion using 

a four-tier diagnostic test based on multi-representation. The use of a four-tier diagnostic test based 

on multi-representation is expected to be able to identify students' misconceptions more deeply 

because it not only analyzes students' answers and reasons, but also the level of students' beliefs in 

various forms of representation, namely macroscopic, microscopic, symbolic, and graphic. This study 

used a quantitative descriptive method involving 100 high school students’ who had studied the 

material of regular circular motion. Data were analyzed by grouping students' answers into five 

categories, namely scientific conception, misconception, lack of knowledge, false positive, and false 

negative. The results showed that the misconception category had the highest percentage of 37.17 

percent, which indicates that students still have difficulty in connecting concepts to various forms of 

representation. Misconceptions were more common in macroscopic and symbolic representations, 

especially in understanding the direction of centripetal acceleration and the relationship between 

quantities in regular circular motion. These findings indicate that students' conceptual 

understanding has not been fully formed. Therefore, physics learning needs to integrate various 

forms of representation so that students' conceptual understanding becomes more comprehensive. 

However, this study is limited to descriptive analysis in one school so that the factors causing 

misconceptions have not been studied in depth. 
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1. Introduction 
Physics learning at the secondary level aims to help students understand various phenomena in 

nature through scientific principles, concepts and laws of physics [1]. According to [2], understanding 

concepts is crucial in physics learning because these concepts serve as the foundation for students to 

explain natural phenomena and solve various physics problems. However, in practice, many students 

have difficulty grasping abstract physics concepts, resulting in understandings that often do not align 

with actual scientific concepts. Poor conceptual understanding can hinder students' ability to solve 

contextual problems and develop scientific reasoning [3]. The use of concepts that do not follow 

scientifically accepted concepts from experts or scientists is called misconception [4]. 

Misconceptions are closely related to differences in the level of students' conceptual 

understanding in capturing the material they receive [5]. Misconceptions can hinder students’ from 

understanding related concepts and science as a whole [6]. Misconceptions can form before learning 

begins or even emerge after the learning process has taken place [7].  
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The problem of misconceptions in various fields of science, especially physics, has long been widely 

discussed by researchers from various places, where physics is a branch of natural science that 

discusses phenomena in everyday life [8]. The existence of this misconception will certainly hinder 

someone in the process of transferring new knowledge, thus preventing success in further learning 

activities [9]. According to [10], state that misconceptions are dangerous because they lead to incorrect 

thinking and feelings in understanding concepts, creating a barrier between the previously incorrect 

concept and the new concept being learned. If misconceptions are not immediately identified and 

corrected, they tend to persist over time and become part of students' thinking frameworks [11]. 

Misconceptions must be identified and corrected through learning so that students can understand the 

correct concepts [12]. If the misconception is critical, it can disrupt the student's subsequent knowledge 

development. Therefore, misconceptions experienced by students must be addressed immediately [13]. 

One of the physics topics that often causes misconceptions in students is uniform circular motion. 

Several studies show that students often have difficulty understanding the direction of centripetal 

acceleration, distinguishing linear velocity from angular velocity, and understanding the relationship 

between centripetal force and the motion of an object in a circular path. Students assume that centripetal 

acceleration is in the same direction as linear velocity, even though centripetal acceleration is directed 

towards the center of the circle [14]. According [15], several studies have shown that students still 

experience various misconceptions regarding uniform circular motion. For example, students assume 

the period is proportional to the number of rotations of an object and assume that the direction of 

centripetal acceleration is tangent to the path like the object's velocity, when in fact, centripetal 

acceleration is perpendicular to the velocity and toward the center of the circle. This situation indicates 

that misconceptions regarding circular motion are still a problem that must be addressed in the physics 

learning process. 

Observations and interviews with physics teachers at SMA Negeri 1 Muaro Jambi indicate that 

students still face difficulties in applying the concept of uniform circular motion to solve problems 

involving the relationship between physical quantities and mathematical formulas. Teachers also stated 

that many students still experience difficulties in the areas of symbols, formulas, graphs, and physical 

phenomena in a single, complete concept. Furthermore, the process of identifying misconceptions 

conducted by teachers still tends to use verbal questions, so they are unable to reveal students' 

misconceptions in depth and systematically. This situation indicates a misalignment between students' 

conceptual understanding and their ability to apply those concepts to solve physics problems. In the 

learning process, the use of various types of representations has not been maximized, so students often 

understand concepts through only one presentation method. This situation results in students facing 

challenges when having to link verbal, symbolic, graphical representations, and physical phenomena 

in understanding the concept of uniform circular motion. Therefore, a multi-representation-based 

diagnostic tool is needed that can detect students' misconceptions more deeply. 

To identify student misconceptions more accurately, a diagnostic instrument is needed that can 

deeply explore students' conceptual understanding. Diagnostic tests are used to identify students' 

conceptual errors, allowing teachers to identify areas of the material that are not yet fully understood. 

By administering diagnostic misconception tests to students, teachers can identify conceptual errors 

experienced by students [16]. The use of four-tier diagnostic tests is more effective in identifying 

misconceptions compared to other diagnostic tests because it can explore students' conceptual 

understanding more deeply by having a level of confidence in answer choices and reasons [17]. The 

two-tier diagnostic test is a development of the two-tier multiple choice test, where the first and third 

levels are used to measure students' understanding of concepts and reasons, while the second and 

fourth levels are used to measure students' level of confidence in the answers and reasons chosen [18].  
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This results in the test results obtained being more accurate compared to other test instruments in 

identifying student misconceptions  [19]. The four-tier diagnostic test can identify students who have 

a good understanding of concepts, misconceptions and those who do not understand concepts [20]. 

In physics learning, understanding concepts cannot be seen from just one presentation method, 

but needs to be understood through various representations [21]. Multirepresentation ability is an 

ability that students must have, so that students can easily represent solutions to the problems they 

face [22]. Learning with a multirepresentation approach emphasizes various perspectives in the form 

of verbal representations, pictures, diagrams, tables, and graphs [23]. By using various forms of 

representation, such as macroscopic, submicroscopic, and symbolic, students can gain a deeper 

understanding of concepts [24]. With various forms of representation, students also demonstrate 

different problem-solving abilities. Learning will be effective and efficient if it is carried out using 

various representations [25]. Through a multirepresentation approach, it can be used to analyze 

students' conceptual understanding from various perspectives so that misconceptions experienced by 

students can be identified more clearly and comprehensively. 

Various studies have examined misconceptions in uniform circular motion. However, most 

studies still use two-tier or three-tier diagnostic tests, thus failing to fully reveal the relationship 

between students' answers, reasons, and confidence levels. Furthermore, research integrating the four-

tier diagnostic test with a multirepresentational approach in uniform circular motion is still limited. 

Therefore, this study was conducted to analyze students' misconceptions in depth using the four-tier 

multirepresentational diagnostic test and provide an overview of students' conceptual understanding 

profiles in uniform circular motion. 

 

2. Methods 
This study employed a quantitative descriptive method to identify and analyze students' 

misconceptions related to uniform circular motion. This method was used to explain students' 

conceptual understanding based on the results of a diagnostic test. This study was conducted at SMA 

Negeri 1 Muaro Jambi, involving students who had already studied uniform circular motion. The 

sample consisted of 100 students drawn from classes that had already studied this topic. The instrument 

used in this study was a four-level multi-representation diagnostic test designed to assess students' 

conceptual understanding and misconceptions. The test consists of four levels. The initial level includes 

questions that elicit concepts. The subsequent level relates to the level of confidence in answering the 

initial questions. The third level relates to the reasoning behind the answers given, while the fourth 

level measures students' confidence in choosing those reasons [26]. The use of a four-tier diagnostic test 

allows for more accurate identification of student misconceptions than conventional multiple-choice 

tests, as it considers students' answers, reasoning, and level of belief. The questions in this instrument 

are designed using a multirepresentational approach that includes macroscopic and microscopic 

images, symbols, and graphs. This multirepresentational approach is applied to evaluate students' 

conceptual understanding across various presentation formats, allowing for a more comprehensive and 

in-depth identification of student misconceptions. 

Before being implemented in research, the instrument must first be validated by a subject matter 

expert to assess the suitability of the content, structure, and language aspects, as well as the instrument's 

ability to identify misconceptions. After the validation process, the instrument is revised based on input 

from the validator, then tested on a limited basis in one class. After completing the test, students are 

asked to complete a student response questionnaire using a Likert scale to evaluate the clarity of the 

questions, the use of language, and the instrument's ability to detect student misconceptions. Data from 

the questionnaire is analyzed as a percentage to determine students' responses to the instrument. 
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If the percentage indicated a good rating, the instrument was not revised. The instrument deemed 

suitable was then administered to 100 students to identify and analyze student misconceptions about 

uniform circular motion. Instruments deemed to have met the requirements were then piloted on 100 

students in a large-scale testing phase. The data obtained from the test were then analyzed to determine 

the instrument's validity and reliability. To test item validity, product-moment correlation analysis 

using Microsoft Excel and corrected item-total correlation analysis using SPSS were used. For 

reliability, the Cronbach's Alpha approach was used. The reliability test results showed a Cronbach's 

Alpha value of 0.807 for a total of 18 items, confirming the instrument's high reliability and readiness 

for application in research. 

Data collection was conducted by administering a four-tier multi-representation diagnostic test 

to students who had studied the topic of uniform circular motion. Each question presented a concept 

in various forms of representation, including verbal, pictorial, symbolic, and graphical. A multi-

representation approach was applied to explore students' conceptual understanding in greater depth 

while identifying potential misconceptions. Data obtained from students' answers were analyzed based 

on the combination of answers and their confidence levels at each tier of the four-tier diagnostic test. 

Students' conceptual understanding was grouped into five categories: scientific conception, 

misconception, lack of knowledge, false positive, and false negative. The percentage of each category 

was calculated using the following equation: According to [27], the category percentages are calculated 

using the formula: 

𝑃 =
𝑓

𝑁
 × 100% 

with 𝑃 as a percentage of the understanding category, 𝑓 as the number of students in each category, 

and 𝑁 as the total number of students. The results of this analysis are used to describe the profile of 

students' conceptual understanding and identify the forms of misconceptions that arise in each 

phenomenon and representation. 

 

3. Results and Discussion 
This section presents an analysis of students' conceptual understanding of uniform circular 

motion using the four-tier multirepresentation diagnostic test. The analysis was conducted to identify 

categories of students' conceptual understanding and the forms of misconceptions that emerged in each 

phenomenon presented in the instrument. The results indicate that students' conceptual understanding 

varied across phenomena and representations. Some students’ demonstrated a consistent 

understanding of scientific concepts, but some students still experienced misconceptions and did not 

fully grasp the concepts. To provide a general overview of students' conceptual understanding profiles, 

the analysis was classified into five categories: conceptual understanding (Scientific Conception/ SC), 

misconception (Misconception/ MSC), false positives (FP), false negatives (FN), and lack of knowledge 

(Lack of Knowledge/ LK). This classification was obtained from a combination of students' answers to 

four questions: answer choices, level of confidence in the answers, reasons for the choices, and level of 

confidence in the reasons. Based on the data analysis using the four-tier diagnostic test, the distribution 

of student conceptual understanding categories included scientific conception, misconception, lack of 

knowledge, false positives, and false negatives. The percentage of each category is presented in Table 

1. 
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Table 1. Percentage of Student Concept Understanding Categories 

No Category         Percentage 

1 Scientific Conseption 24.39 % 

2 Misconception 37.17 % 

3 Lack of Knowledge 19.00 % 

4 False Positif 8.72 % 

5 False Negatif 10.11 % 

 

Based on Table 1, the misconception category has the highest percentage at 37.17%. These results 

indicate that most students’ still have an understanding that is inconsistent with the scientific concept 

of uniform circular motion. The high percentage of misconceptions indicates that students still have 

difficulty understanding the relationships between concepts in uniform circular motion. These 

misconceptions can occur because students construct understanding based on everyday experiences 

that don't necessarily align with physics concepts. According to constructivism theory, students 

construct new knowledge based on prior knowledge. If this prior knowledge doesn't align with 

scientific concepts, students tend to maintain misconceptions even after learning. In circular motion, 

students often assume that an object moving in a circle will have acceleration in the same direction as 

its motion. However, in the concept of circular motion, the direction of centripetal acceleration is not in 

the same direction as the object's motion, but always points toward the center of the trajectory. 

Furthermore, the abstract concept of uniform circular motion also contributes to students' 

difficulty understanding the relationships between physical quantities. Concepts such as centripetal 

acceleration, angular velocity, and the relationship between linear velocity and angular velocity require 

students to connect mathematical concepts with physical phenomena. When students are unable to 

connect these various conceptual representations, they tend to memorize formulas without 

understanding their physical meaning, making them more susceptible to misconceptions. The existence 

of false positive and false negative categories also indicates that students' confidence levels do not 

always align with the correctness of their answers. Some students answer correctly but provide 

incorrect reasoning, and others answer incorrectly but actually have reasoning that aligns with the 

scientific concept. These results demonstrate that students' conceptual understanding cannot be 

assessed solely on the final answer; they also need to analyze their reasoning and confidence levels. 

Therefore, using a four-tier diagnostic test is more effective in identifying misconceptions in depth than 

a traditional multiple-choice test. Further analysis of students' misconceptions based on phenomena 

and forms of representation is presented in Table 2 and Figure 1. 
 

Table 2. Percentage of Misconceptions Based on Phenomena and Representation 

Phenomenon Macroscopic Microscopic Symbolic            Graphical 

1 66 66 31 - 

2 43 - 43 20 

3 27 - 30 37 

4 55 45 43 26 

5 32 13 - 30 

6 23 39 - - 
Information: The (-) sign indicates that the representation is not presented in the phenomenon.  
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Figure 1. Percentage of Misconceptions Based on Phenomena and Representation 

Based on Table 2 and Figure 1, it can be seen that the level of students’ misconceptions varies 

across phenomena and types of representation. The missing data in several cells in Table 2 indicates 

that not all forms of representation are presented for each phenomenon. This is due to the instrument 

design, which selectively integrates representations according to the concept indicators being 

measured. Each phenomenon focuses on a specific representation deemed most relevant to uncovering 

students’ understanding and misconceptions. Therefore, the absence of data on a particular 

representation does not indicate a lack of data, but rather represents part of the instrument 

development strategy. 

The study results show that misunderstandings in macroscopic representations tend to be higher 

than in symbolic or graphical representations. This indicates that students’ still face challenges in 

connecting physics concepts to real-life events. In the context of macroscopic representations, students’ 

need to describe real-life phenomena using scientific concepts. However, many students’ still realy on 

everyday understanding to explain these phenomena, such as assuming that when a string breaks, an 

object will bounce off its trajectory because of a force pushing the object outward. This understanding 

is evident in students' reasoning that the broken string causes the object to bounce in a certain direction. 

However, conceptually, an object does not experience a force pushing it outward; instead, the object 

maintains its linear velocity at the final point according to Newton's First Law. After the centripetal 

force is lost due to the string breaking, the object moves in a straight line tangent to a circular path. 

In the submicroscopic realm, student misunderstandings regarding several phenomena are still 

relatively high. This indicates that students’ still have difficulty imagining processes or interactions of 

physics concepts that cannot be directly observed. Students’ find it easier to grasp concrete phenomena 

compared to conceptual explanations, which involve the direction of forces, particle interactions, or 

abstract visualizations of motion. This situation results in some students’ being unable to connect 

microscopic representations with the circular motion phenomena that occur in real life. The inability to 

connect macroscopic phenomena with microscopic explanations results in inaccurate understanding. 

This is in line with Sukmawati's  statement, which states that abstract concepts in physics require good 

visualization skills; otherwise, students are susceptible to misconceptions [28]. 

In symbolic representation, students’ experience difficulty understanding the relationships 

between quantities and the use of mathematical equations. Many students’ are unable to differentiate 

between angular velocity and linear velocity and do not yet understand the physical meaning of the 

equations used. This indicates that students’ tend to memorize formulas without deeply understanding 

the concepts. In symbolic representation, students’ experience difficulties in understanding the 

relationships between quantities and the use of mathematical equations.  
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Many students’ are unable to differentiate between angular velocity and linear velocity and do not yet 

understand the physical meaning of the equations used. This shows that students’ tend to memorize 

formulas without understanding the concepts in depth. Students’ are more likely to memorize formulas 

without understanding the meaning of each variable contained. This causes students’ to be able to 

answer questions correctly, but cannot provide reasons in accordance with the explanation of the 

concept. This shows that students' understanding is still procedural, not conceptual. This condition is 

in line with the opinion of [29] who stated that students often use physics formulas mechanically 

without understanding the true conceptual relationship. Furthermore, there were numerous 

misconceptions about the graph categories for several phenomena. This indicates that students' ability 

to read and understand graphs is still lacking. Some students focused solely on the shape of the graph 

without understanding the relationship between the variables shown. This finding is also in line with 

previous research which stated that students often experience misconceptions in circular motion 

material, especially in understanding the direction of centripetal acceleration and interpreting graphs 

[30].  

The results of this study indicate that students do not fully grasp concepts across various types 

of representations. They still face challenges in linking verbal, pictorial, symbolic, and graphical 

representations into a coherent concept. This emphasizes the importance of implementing multi-

representation-based learning methods in physics teaching. If learning does not fully incorporate 

various forms of representation, students tend to only grasp concepts within a specific type of 

presentation, resulting in less in-depth understanding. However, this study has limitations: not all 

forms of representation appear in every phenomenon, resulting in some missing data. Furthermore, 

this study is only descriptive in nature, so it does not fully address the causes of misconceptions. 

Therefore, further research is recommended to develop learning methods or strategies that can reduce 

student misconceptions using a multi-representation approach. 

 

4. Conclusion 
This study aimed to analyze students' misconceptions regarding uniform circular motion using 

a four-tier multi-representation diagnostic test. The results showed that misconceptions remained very 

high in understanding the concept, as evidenced by the high percentage of categories and the 

discrepancies and inconsistencies between students' answers, explanations, and confidence levels. 

These errors emerged in various forms of representation: macroscopic, microscopic, symbolic, and 

graphic. These findings indicate that students still experience difficulty connecting everyday 

phenomena, conceptual visualizations, mathematical equations, and graphic interpretations into a 

comprehensive understanding. This study also revealed that the four-tier multi-representation 

diagnostic test was able to identify student misconceptions more accurately because it not only 

analyzed answers but also considered students' explanations and confidence levels. Therefore, this 

instrument can be used as an alternative diagnostic tool in physics teaching to help teachers more 

accurately identify student misconceptions. However, this study has limitations because it was 

conducted in only one school and used a quantitative descriptive method that did not sufficiently 

explore the factors causing misconceptions. Therefore, it is recommended that further research involve 

a larger sample size and develop multi-representation-based teaching strategies to help reduce student 

misconceptions. Furthermore, it is hoped that teachers can integrate various forms. 
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