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Abstract. Problems in physics are often presented in various representations, meanwhile 

the ability of students to provide solutions to these problems shows the level of conceptual 

understanding. This research is a descriptive survey that involves 46 biology education 

students of FKIP UMRAH who were in their first year of study. The data were collected 

through tests by using 2 essay questions on the topic of kinematics presented in graphical 

form. This research aimed to determine the ability of students to identify the types of 

motion of objects through graphs. Consequently, the results showed that there were still 

difficulties in identifying the types of objects' motion through graphs. This difficulty was 

due to a lack of conceptual understanding and the inability to read the data on the graph. 
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1   Introduction 

Physics learning is carried out by emphasizing the concepts that help in problem-solving [1]–

[3]. This is because any difficulty in understanding these concepts often causes an inability in 

solving the physics problems [4], [5], hence it is important to teach the subject using various 

representations [6]. Kinematics is a fundamental topic taught in general physics lectures [7], 

however, there are still many difficulties faced by students regarding this concept [8], such as 

understanding the concepts of velocity [8]–[10] and acceleration [8], [11], [12], distinguishing 

distance and displacement [8], [13]–[15], and distinguishing between velocity and acceleration 

[16]. 

Kinematics problems are often represented in graphical form and are used as initial tests to 

determine the strategies for teaching [17], [18]. Moreover, some research showed that there 

were difficulties in solving the problems presented in a graphical form such as identifying and 

determining the data on graphs [19], interpreting graphs that had negative velocity [20], and 

distinguishing between velocity-time and position-time graphs [21]. Furthermore, these 

problems are caused by a lack of understanding of kinematics concepts [7] and poor 

mathematical skills [22]. 

The students considered in this research are the ones within the scope of science and biology 

education in the first year, hence they must have been provided with physics concepts when 

they were in high school. Meanwhile, to know the students' conceptual understanding about 
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kinematics which is a very basic concept in physics, a test was conducted by presenting the 

questions in a graphical form to determine their ability to identify the types of motion.  

2   Methods 

This research is a descriptive survey conducted at Raja Ali Haji Maritime University on the 2nd 

week of March 2021, which involved 46 students of the Biology Education Study Program, 

Faculty of Teacher Training and Education, in Raja Ali Haji Maritime University (FKIP 

UMRAH) who are taking General Physics Courses in their first year of study. Data were 

collected by using two essay questions to test the students' ability in identifying the type of 

motion experienced by objects through graphical presentations as shown in Figure 1. The 

answers are analyzed quantitatively by presenting the percentage of answers that resulted from 

the identification of motion carried out by the participants. 

 

 
 

Fig. 1. Motion Identification Ability Test Questions Through Graphs. 
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3   Results and Discussion 

Based on the results of research conducted on 46 respondents by using the questions shown in 

Figure 1, the following results were obtained: 

 

3.1 Identifying the types of motion of the object through velocity-time graph 

 

In the first question, 46 respondents were tested in the aspect of identifying and describing the 

types of motion experienced by the object from the beginning to the time second through a 

velocity-time graph (v-t) as shown in Figure 1a. These questions were not only to test the 

respondent's ability to identify the types of motion of an object but also to test the respondent’s 

conceptual understanding of velocity as a vector quantity and the relationship between velocity 

and acceleration. 

 The first problem shows a change in motion experienced by the object as seen in the gradient 

on the graph for two adjacent times. Generally, the motions shown from the graph in the first 

question include uniform, uniformly accelerated, and uniformly decelerated. Meanwhile, over 

a time interval, the graph also shows the object at rest. The details of the types of motion of the 

objects based on the first question are seen in Table 1.  

 
Table 1. Description of the motion of the object based on the first question 

Time 

interval 

(second) 

Types of motion Description  

0 – a Uniformly decelerated 

motion 
Magnitude of velocity is decreasing 

regularly 
a – b At rest Magnitude of velocity is zero 
b – c Uniformly accelerated 

motion 
Magnitude of velocity is increasing 

regularly 
c – d Uniformly decelerated 

motion 
Magnitude of velocity is decreasing 

regularly 
d – e Uniform motion Magnitude of velocity is constant 

 

 The respondent's answer to the first question showed that there were still many errors in the 

identification of the type of motion of the object in the time interval 0-a second and a-b second. 

This is seen in the details of the number of respondents who correctly identify the type of motion 

of the object in each time interval as shown in Table 2.  

Table 2. Details of the correct number of respondents in identifying the motion of the object in the first 

question 

 



 

 

 

 

 

Time interval (second) Number of respondents who 

gave the correct answer 

Percentage 

0 – a 2 4 % 

a – b 2 4 % 

b – c 22 48 % 

c – d 24 52 % 

d – e 30 65 % 

 According to Table 2, the percentage of respondents who were correct in identifying the type 

of motion in the time interval 0-a second time is only 4%. Many errors occurred because 

respondents are not able to differentiate a graph whose line is on the positive y-axis from the 

ones on the negative y-axis, hence the shape of gradient in the time interval 0-a second were 

equated with the ones in the time interval b-c. Basically, velocity is a vector quantity that has 

both a magnitude and a direction, but the line on the positive y-axis is in the opposite direction 

to the line on the negative y-axis. Therefore, the results indicated that students had difficulties 

in identifying the types of motion of the object through a graph with a negative velocity [20]. 

 Also, motion identification errors occurred in the time interval a-b second because many 

respondents equated the shape of gradient in the time interval a-b second with the one in d-e. 

Both gradients in the time interval a-b second and the one in d-e are zero because they are 

parallel to the x-axis. This caused many respondents to state that the motion experienced by the 

object in the time interval a-b second was uniform. Even though both lines are parallel to the x-

axis, the respondent needs to pay attention to the coordinates of the line on the y-axis which 

states the magnitude of the object's velocity. In the time interval a-b second, the y-coordinate is 

still at the zero position which shows that the magnitude of the velocity of the object is zero or 

stagnant. These indicated that students did not understand how to read the data on graphs [19]. 

 The results of the identification of the types of motion in the time intervals b-c second, c-d, 

and d-e showed that about half of the respondents had correctly identified the type of motion. 

However, the ones who could not state the type of object's motion from the beginning to e 

second are incorrect. This is because, among the answers given, respondents only stated the 

shape of the line observed on the graph as shown in Figure 2. These results indicated that the 

lack of understanding of the kinematics concept caused students to have difficulty in solving the 

problems represented in graphical form [7] as well as any other form [4], [5]. 

 

 

Fig. 2. Some respondents' answers that show an error in identifying the types of motion of the object in 

the first question 

 



 

 

 

 

 

3.2  Identifying the motion of the object through a position-time graph 

 

In the second question, 46 respondents were tested in identifying the motion of the objects 

through position-time graph as shown in Figure 1b. In this question, respondents were asked to 

identify whether the motion shown on the position-time graph is constant velocity or not. 

Subsequently, students were also asked to determine the magnitude of the object's velocity at a 

certain second based on the graph and some clues given in the question.  

 Consequently, the graph shows that the motion of the object is at a constant velocity. This is 

seen from the uniform change in position for the same time interval with the magnitude of 

object's velocity being 1 m/s. Basically, the question states that the value of one box for both 

the position on the y-axis and time on the x-axis is 2, while the magnitude of the velocity of the 

object moving at a constant velocity in every second is always the same. Therefore, at the 15th 

second, the magnitude of object's velocity will also remain the same, which is 1 m/s. 

 The answers given by the respondents in part a of the second question are divided into 

several categories as shown in Table 3. The first category of respondents correctly stated that 

the motion of the object was at a constant velocity accompanied by the correct reasons as shown 

in the graph. While, the second category is the ones who gave the correct answer accompanied 

by incorrect reasons. However, the third category of respondents gave incorrect answers.  

 
Table 3. Categories of respondents' answers for part a of second question 

 

No.  categories number of 

respondents 

percentage 

1 Correct answer with correct 

reason 

5 11 % 

2 Correct answer with incorrect 

reason 

29 63 % 

3 Incorrect answer 12 26 % 

 

 In Table 3, the percentage of respondents in category 1 is only 11%, while category 2 shows 

that 63% had given the correct answer with wrong reasons according to the concept of moving 

objects with constant velocity. However, category 3 shows that 26% of respondents stated that 

the motion shown in position-time graph was not a constant velocity.  

 Some answers given by respondents in each category are seen in Figure 3. For example, 

figure 3a shows the correct answers and correct reasons given, by using the equation v=s/t where 

the quotient between s and t is always the same, which is 1 m/s. Hence, the conceptual 

understanding helps in solving the problems [1]–[3]. 

 According to Figure 3b, the respondent stated that the motion in the second question graph 

was a constant velocity with variable acceleration. Meanwhile, it is known that the object 

moving at a constant velocity had no acceleration. These results indicated that students still had 

difficulties in understanding the concepts of velocity [8]–[10] and acceleration [8], [11], [12]. 

According to [23], most students identify motion with constant velocity in position-time graph 

(s-t) from its straight form, and the quotient between s⁄∆t which is always constant. In this case, 

most students only rely on the straight graph form to determine answers. 



 

 

 

 

 

 In Figure 3c, the respondent stated that the motion was not constant because the velocity 

increased regularly. Based on this answer, it is seen that the respondent is not able to distinguish 

between the position-time graph (s-t) and the velocity-time graph (v-t). These results indicated 

that there were still many students who were unable to distinguish between the velocity-time 

graph (v-t) and the position-time graph (s-t) [21]. 

 

 
Fig. 3. some answers given by respondents for (a) category 1, (b) category 2, and (c) category 3. 

 

 In the part b of the second question, only 11% of respondents gave correct answers, which 

is the same as the ones in category 1 for part a of the second question where correct answer and 

reason were given. This showed that respondents were able to analyze the magnitude of the 

object's velocity at any second, because they understands that the object moving at a constant 

velocity has the same magnitude and direction, and also understand that there is no acceleration 

for the object moving at a constant velocity. However, the inability to understand the concept 

of velocity [8]–[10] makes it difficult for students to solve the problems that are represented in 

any form [4], [5] including kinematics questions that presented in graphical form [7]. 

4   Conclusions 

 

The results showed that it is still difficult for students in the first year of study to identify the 

motion of objects on velocity-time graphs (v-t) and position-time graphs (s-t), specifically for 

negative velocity. This is due to the lack of understanding of kinematics such as the concepts of 

velocity and acceleration. Also, there are still many students who were not able to read the data 

on the graph given both on the vertical axis and the horizontal axis, because they are not able to 

distinguish between the velocity-time graphs and the position-time graphs. This indicates the 

need for kinematics learning that emphasizes on conceptual understanding, taught by using 

multiple representations.  
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