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Abstract: This research aims to profile the understanding of physics 

concepts in kinematics material. Teachers need information on 

understanding physics concepts in designing their learning. The profile 

of understanding the concept of kinematics is revealed by administering 

a concept understanding test. The total number of tests for 

understanding the concept of kinematics is 30 items. The concept 

understanding profile is categorized into five indicators: (1) 

interpretation, (2) classifying, (3) inference, (4) comparing, and (5) 

explaining—the test applies to 49 students at SMA and MA in Madiun. 

Based on the profile description analysis results, it was obtained that 

students had a good percentage of the concept understanding indicator 

component (39.54%) and the smallest percentage of the interpretation 

indicator (17.60%). These results can be used as recommendations for 

facilitators and researchers in determining the learning model that will 

be applied and the concept of understanding the research topic that will 

be carried out.) 
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1.  Introduction 

Identifying students' initial potential before learning is an essential initial activity 

carried out by all learning facilitators. The initial potential referred to here can be 

motivation, initial ability, understanding concepts, and others. Several references refer to 

initial potential as initial ability when it comes to material. Several factors greatly 

influence the teaching process, including initial ability (Diaz, 2017). Prior knowledge 

plays a role in learning to predict, improve, and explain competency acquisition 

(Bittermann et al., 2023). Research findings (Riesen et al., 2019) provide information that 

initial abilities influence the extent to which students benefit from effective guidance for 

inquiry learning in online environments. Facilitators can manage and implement 

appropriate learning by identifying students' initial abilities. Identifying students' initial 

potential can be done through interviews, diagnostic tests/tests, questionnaires, document 

analysis, and other data collection models. In identifying potential, students use other 

supporting data to triangulate the data. 
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Understanding concepts is one of the initial abilities that are of concern to physics 

education educators and researchers (Abaniel, 2021; Bukifan & Yuliati, 2021; Khoiri et 

al., 2022; Kola, Jacob, 2017; Sulman et al., 2023). Based on my experience teaching 

fundamental physics courses, many students still need to gain more knowledge and 

understanding of physics concepts. The results of questions and answers with students 

provide information that (1) learning is carried out online as a result of COVID-19, so 

they do not have a complete understanding of the concepts, (2) students who have a 

Vocational High School (SMK) background do not get physics concept comprehensively. 

This condition can be reduced with the assumption that identification of problems 

understanding concepts is carried out since the learning process in SMA/SMK and 

equivalent and teachers can apply learning that leads to finding problems. 

In identifying students' conceptual understanding, it is necessary to determine the 

material (subject matter) instruments and then profile them to facilitate identifying 

students' conceptual understanding. Kinematics can be presented as equations, graphs, 

visual simulations, and the language of physics itself. Kinematics is a material that is 

difficult for students to understand, considering that this material contains many 

mathematical presentations and symbols. The similarity of symbols to physical quantities 

can also hinder students in understanding concepts. The research results show that 

students need help determining distance, average velocity, and acceleration of position 

equations as a function of time (Taqwa & Rivaldo, 2018). Errors in determining distance 

from the position equation, as a function of time, are caused by the need to understand 

the interpretation of mathematical functions. Research (Shodiqin & Taqwa, 2021) reveals 

that students still need help in graphing a(t) based on the function x(t). Further research 

(Jufriadi & Andinisari, 2020) revealed that when studying the concept of kinematics, 

students experience difficulties, especially in understanding the differences between 

distance and displacement, velocity and acceleration, as well as the direction of 

acceleration of a moving object. Research results (Sutopo et al., 2020) revealed that most 

students needed to determine the instantaneous velocity of two moving objects presented 

in a motion diagram. Students imagine that two moving objects in the same position must 

have the same velocity. By considering the potential for kinematics material to be difficult 

for students to understand, facilitators need to identify an understanding of physics 

concepts in kinematics material. 

2.  Methods 

The method in this research is qualitative descriptive, by profiling students who 

understand the concept and students who do not understand the concept of kinematics. 

The profile is presented in the form of a percentage for each indicator of concept 

understanding. The data collection technique uses a concept understanding test that has 

been developed in previous research. The total number of tests is 30 questions with details 

of representation (8 questions), classifying (3 questions), inference (8 questions), 

comparing (4 questions). The results are described through graphs for each indicator by 

displaying the percentage of students who understand and do not understand the concept. 

The sample consisted of 49 from two SMA/MA equivalent schools in the city of Madiun. 
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3.  Results and Discussion 

In accordance with the method that has been described, in this section the results 

of students' conceptual understanding profiles are presented. The student concept 

understanding profile for each indicator can be seen in Fig 1. 

 
Fig 1. Profile of students' conceptual understanding of the kinematics for each indicator 

 

` Based on Fig 1, it can be seen that the indicator explains the highest percentage 

(39.54%) compared to other indicators. Interpretation indicators received the lowest 

percentage (17.60%). Students' understanding is at most 40% in each indicator. Students 

better understand the criteria for understanding concepts related to indicators of 

explaining rather than interpreting. Category questions explain the understanding of 

concepts related to constructing a causal model of a system/event. Examples of student 

responses to the explaining indicator can be seen in Table 2. 

Table 2. Examples of Questions and Student Responses to the Explaining Indicator 

Q (11) Response 

The basketball is thrown from the outside of the court 

towards the catcher. When the ball reaches its highest 

point, which statement is true? 

a. The velocity and acceleration are both zero. 

b. The velocity is not zero, but the acceleration is zero. 

c. Its velocity is perpendicular to its acceleration. 

d. The acceleration depends on the angle at which the ball 

is thrown. 

e. None of statements (a) to (d) are correct 

 

Based on Table 2, it can be seen that the percentage of students who gave correct 

responses to Q (11) was 10%. In Q (11), many students answered choice (B) 31%. The 

student guesses that they answered B in Q (11) because the student believes that the 

velocity at the highest point equals zero (in free fall motion). In option B, it is written, 

"The velocity is not zero, but the acceleration is zero." Students may also need 

clarification in differentiating the terms velocity and acceleration. These results follow 

research (Jufriadi & Andinisari, 2020) where students need help differentiating the 

concepts of velocity and acceleration. The description explained in the concept 

understanding test does not just explain the definition. Still, students must be able to 

construct a cause-and-effect model of a system/event, so understanding physical symbols 

needs to be emphasized in physics learning. 

17,60%
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30,10%
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Intepretation Classifying Inference comparing Explaining

18%

31%
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The indicator of understanding the concept that is most difficult for students to 

complete is interpretation. In this indicator, students are asked to be able to read 

information from one form to another (from images/graphs to written language, numbers, 

or other forms, and vice versa). Interpretation skills that require an understanding of 

mathematics and physics. Understanding mathematical language is one of the factors 

causing the representation ability to get the lowest percentage—examples of questions 

and student responses to representation indicators (Table 3). 

Table 3. Examples of Questions and Student Responses to Interpretation Indicators 

Q (18) Response 

An object moves following the graph of the 

relationship between positions (x) and (t) as shown 

in Fig. 3. 

 

 
Fig 3. Graph of the relationship between position (x) 

and time (t). 

Based on this information, the instantaneous 
velocity at t = 4 s is... 
a. 0,2  𝑖̂ m/s 
b. 0,75 m/s 
c. 0.45 m/s 
d. 0,75 𝑖̂ m/s 
e. 1,33 m/s 

 

 

 

Based on Table 4, it can be seen that many students choose option (B). Choice (B) arises 

with the assumption that students have the concept that instantaneous velocity is the result 

of dividing (4) by x (m) and (3) by t (s). The neglect of mathematical symbols in 

instantaneous velocity solutions appears in these results—the results of understanding 

concepts related to graphic interpretation and weak mathematical understanding. The 

solution to overcome this problem has been presented briefly (Sutopo et al., 2020) by 

determining the velocity from the given motion diagram, using the operational definition 

of acceleration, and applying vectors in kinematics. This research recommends further 

research to improve learning programs to overcome students' difficulties in understanding 

kinematics concepts. The use of graphic interpretation by optimizing peer discussion 

(Gok & Gok, 2023) can also be recommended. 
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