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Abstract—This paper present the description of students’ 

reasoning on physics related to visual representation. This 

research used descriptive qualitative method. The subjects 

consist of 25 college students. Given some physics problem with 

visual representation, students answer it with different reasoning. 

Students that give reasoning appropiate with the visual 

representation choose the right answer and the other not 

appropiate it describe as student lack of kowledge or experience 

misconception.   
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I.  INTRODUCTION  

Human beings rely on visual information to learn about the 
environment around them, construct representation of the 
world, and control their action [1]. Representation is 
something that represents, describes, or symbolizes objects 
and or processes [2,3]. There are many kinds of representation 
to give information about humans concept, namely multi 
representation. Representation is to re-represent the same 
concept with different formats, including verbally, image, 
graph, and mathematical [4]. Representation has three 
functions, namely complementary functions, interpretation 
constraint functions, and understanding building functions [5]. 
Some concrete representations help in constructing more 
abstract representations (e.g formulas), some other concrete 
representations are useful for qualitative reasoning, abstract 
mathematical representations are used for quantitative 
reasoning [6]. In Physics, there are several forms of 
representation that can be raised, namely verbal 
representations, image/diagram representations, graphical 
representations, and mathematical representations. 

To evaluate the consistency of student representation, 
Nieminen developed a quantitative R-FCI evaluation test to 
evaluate the consistency of student representation [5]. 
Furthermore, Kurnaz and Arslan found that multi-
representation learning was effective for teaching energy 
concepts [7]. 

Representation of an object or process can be analyzed 
based on a concept that is represented so that it can train 
students' reasoning in learning. Jean Piaget said that this is a 
series of four distinct intellectual growth as they search for 

patterns and relationships [8]. The theory of stages of 
intellectual development (sensory-motor, pre-operational, 
concrete reasoning, and formal reasoning) - are characterized 
by distinctive features in the patterns of a person reasoning 
[8]. 

Human can analyze a representation using reason so that 
he has confidence in the answers and reasons he has. 
Sometimes the beliefs that a person has are in accordance with 
the scientific concept. However, there are times when there is 
an error in believing in a concept. The abstract questions are 
asked out of context, but also extend to cognitive, perceptual, 
and developmental aspects of knowledge [1]. "For example, it 
is physically true that a pendulum will take the same amount 
of time to swing through its, however wide the arc (deviations 
are small for all practical purposes). But Bozzi found that 
people will only accept certain speeds that appear "natural" to 
them and for long periods of expression appear unnaturally 
fast "[1]. Humans' reasoning can be in the form of 
representation or perception of a phenomenon associated with 
the concept adopted. 

Reasoning can be defined as the ability to think logically 
to solve the problems using the scientific method [9]. 
Reasoning is important to know students' thinking patterns on 
the choice of answers given. Reasoning can be done through a 
process of representation of the object or process being 
analyzed. Reasoning can be the result of interpretation or 
perception of the visual representation observed by someone. 
Reasoning can be consistent or inconsistent, depending on 
reason that is owned by someone. Therefore, several 
researchers developed test instruments to explore the 
reasoning skills of students. Muslims develop test instruments 
for exploration of TIMSS framework based reasoning with 
enough category [9]. 

Reasoning generated from the results of one's thinking can 
be logically, nor is it so. Essential logical reasoning skills for 
student mastery of many concepts and more complex problem 
solving strategies required to arrive in subject matter [10]. 
Logical reasoning can bring students' confidence in answering 
a choice of answers so that it can be known that the student 
really understands the given case study or not. 

904

Atlantis Highlights in Engineering (AHE), volume 1

Copyright © 2018, the Authors.  Published by Atlantis Press. 
This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

International Conference on Science and Technology (ICST 2018)



To find out how student reasoning for a question / problem 
is presented in the form of visual representation, a test 
instrument is made containing questions, visual representation, 
answer choices, students are asked to explain the reasons, and 
the level of confidence in the choice of answers or reasons 
stated. Through this instrument, qualitatively the students' 
reasoning for visual representation can be described 
qualitatively. In addition, it can be described also how 
understanding the concept of students through the thought 
process as outlined in the answers to the test items provided. 

II. RESEARCH METHOD 

This research used descriptive qualitative method. The 
subjects are 25 college students in physics education program 
study Universitas Negeri Surabaya (UNESA). 25 students 
were given untreated tests through learning. Tests are carried 
out to capture students' reasoning when giving answers to 
questions or problems given 

The form of the test given to the research subject is a 
problem/question illustration, choice of answers, reason, and 
the level of confidence of the answers to explore students' 
reasoning when choosing the answer choices provided. 

Illustration of the problems displayed using visual 
representation, can be in the form of graphics or illustration 
images. Answer options are three number of choices. The 
reason for being given an empty space to be filled by students 
as a research subject is in accordance with their reasoning so 
that students choose a particular answer option. The range of 
answer beliefs includes being very confident, sure or 
confident, doubtful or hesitant, unsure, and very uncertain. 
This range of beliefs can also be used to determine the level of 
self-confidence of students in choosing answers that match 
their reasoning. 

 

Fig. 1. Form of tests item given to students 

Through the form of tests provided, students fill in the 
answers, reasons, and answer lines of answers. Data in the 
form of student answers, reason reviews as a form of 
reasoning in determining answers, as well as answer line 
beliefs as a form of confidence in answering questions / 
problems provided. The results obtained were then analyzed to 

describe students' reasoning on physics related to visual 
representation. 

III. RESULT AND DISCUSSION 

A. Students’ reasoning related to visual representation of 

kinematics  

Test items are given in the form of graphs of velocity with 
time (v-t) produced by moving objects (see Fig. 2.). Then 
students are asked to choose answers based on graphical 
representation then explain the reason for the choice of 
answers. 

 

Fig. 2. Visual representation for kinematics motion 

Based on the graph in Figure 2, given the choice of 
answers: (a) objects move straight at a constant speed and 
move straight with constant acceleration without ever 
reversing, (b) objects move straight at a constant speed, move 
straight with constant acceleration and reverse direction when 
pointing tE, (c) objects move at a constant speed, move straight 
with constant acceleration, and reverse direction when 
pointing tD. Through the visual representation in the form of 
graphs, 15 of the 25 students answered correctly, namely the 
answer choice (c). 6 of the 15 students who answered correctly 
were confident in the answers and the reasons, even though 1 
of 6 students who were sure did not give a reason for the 
choice of answers. In general, the reason stated by 5 students 
who answered correctly and confidently in this answer carried 
out visual representations based on the graphs presented in the 
test items and related them to the concept of motion with a 
certain speed by looking at velocity as a vector quantity. 
Students 2, 8, 10, 15, and 25 see that at the point tD the speed 
is zero and then is negative towards the point tE. This negative 
speed indicates that the object changes direction. A negative 
sign on the velocity magnitude indicates that the direction of 
the velocity is opposite to the direction of motion, meaning 
that at this time the object is reversing. Next, the object 
accelerates to the point of tE and decelerates until it stops at 
the tF point. Graph representations made by these five students 
have used reason that is in accordance with the context of 
Physics that sees speed as a vector quantity. That is, these five 
students understand the concept of motion based on visual 
representations (in the form of graphs) presented. Student 20 
does not give a reason for the answer even though the answer 
choices are correct. 9 out of 15 students who answered 
correctly were hesitant about the answers and reasons raised 
despite the answers and reasons stated correctly. There are two 
possibilities that occur in 9 of these students, namely lack of 
understanding of the concept or actually they understand the 
concept but are not confident in the answers and reasons stated 
[11]. 
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1 student (student 9) chooses the answer (a) on the grounds 
that there are only 2 straight movements, namely straight 
motion with constant velocity and straight motion with 
constant acceleration. Straight motion with constant 
acceleration is accelerated and some are slowed down. Student 
9 considers that there is no straight motion that reverses 
direction. Student 9 uses the initial concept it has to answer 
this question without analyzing the direction of motion 
generated through the analysis of the visual representation 
provided by the problem. This initial concept can be the initial 
cause of misconceptions if not given treatment to show the 
correct concept to students [11,12]. Moreover, student 9 
provides answers and reasons with the highest confidence 
range, which is very confident. Even though student 9's 
answer is wrong, the reason stated is less precise because 
without doing a visual representation of the graph provided. 
According to previous research, if students answer wrongly 
and give wrong reasons and show high confidence, then this 
student experiences misconceptions [12]. 

There are 3 students who answer the choice of answers (b) 
for this case, namely Student 3, Student 7, and Student 24. 
Student 3 has performed a visual representation of the graph 
presented, but is less accurate in interpreting the negative sign 
in the context of speed. Student 3 represents the v-t graph if 
linear rises to the right, the object accelerates, whereas if the 
linear v-t graph goes down to the right, the object experiences 
a slowdown, regardless of the negative sign on the graph. 
Whereas in this case, a negative sign of velocity indicates the 
direction of motion of an object. Student 3 means reversing 
the point at tE because at this point the graph shows the turning 
point, where after the graph goes down tC to tE then it rises 
from tE to tF. Students understand this graph representation as 
understanding graphics in Mathematics about turning points. 
Students do not analyze more in the representation they 
observe on the physical concept of velocity which is a vector 
quantities, the amount of velocity has values and directions 
which are indicated by negative and positive values. Positive 
values indicate the direction of velocity in the direction of the 
object's motion, and a negative sign indicates that the direction 
of velocity is in the opposite direction to the direction of 
motion of the object. This reasoning error also leads to 
misconceptions in Student 3 because he is very confident in 
the answers and reasons stated. Student 7 hesitated with the 
answer and gave no reason for the choice of answer. While 
student 24 is very confident in the answer, even though it does 
not provide a reason for the choice of answer. It can be said 
that Student 7 does not understand the concept of motion 
based on the visual representation presented. Student 12 also 
does not understand the concept of motion based on the visual 
representation presented. Student 12 does not provide answers 
and reasons for this test item. 

While 5 out of 25 other students gave other answers, did 
not choose the 3 answer choices presented. 3 of the 5 students 
gave more complete answers than the 3 answer choices 
presented. Student 11 is very confident in the choice of 
answers and review of the reasons, Student 18 is hesitant 
about the choice of answers and the reasons, while Student 19 
is not sure of the choice of answers and reasons stated even 
though the reason given is correct. Student 11, Student 18, and 

Student 19 represent graphs in detail starting from the starting 
point of the graph at position O. When O-tA objects experience 
accelerated straight motion with constant acceleration, at 
position tA-tB the object experiences straight motion at a fixed 
speed, at when tB-tD objects experience straight motion slowed 
down with constant acceleration, then stop at tD point and 
reverse direction then move straight accelerated to the point tE 
then move straight accelerated with fixed acceleration to tF 
point then stop. Student 11 gives very detailed reasoning and 
performs visual representation very well, it can be said that 
Student 11 understands the concept of motion based on the 
graph representation presented. Student 18 and Student 19 
experience lack of confidence in the reasoning, even though 
the visual representation is correct. 

Student 22 chooses another answer but does not write that 
the object moves straight at a constant speed, moves straight 
with constant acceleration, stops at tD and turns towards tE. 
Based on this answer, Student 22 has carried out visual 
representations such as those conducted by 3 other students 
who chose other answers. However, the reasons given in more 
detail are 3 previous students. However, Student 22 is hesitant 
about the choice of answers and the reasons stated. So, 
Student 22 still less understand the concept of motion in 
kinematics. 

 

Fig. 3. The answer, reasoning, and beliefs line answer of Student 14 

Student 14 chooses another answer by directly explaining 
the reason, namely that the object moves in an orderly straight 
direction and then the moving object is slowed down. Student 
14 also stated the reason that the answer he gave was based on 
a graph that showed that the speed was reduced (see Fig. 3). 
Based on the answer statement, Student 14 has performed a 
visual representation in the form of a graph presented in the 
test item. However, the reason given by Student 14 is the same 
as the reason given by Student 9. They understand that objects 
experience straight motion without regard to how the object 
moves when the speed is negative. This reinforces statement 
before which states that "Many student difficulties with graph 
interpretation were documented and identified in studies that 
were carried out in physics (mostly kinematics) or 
mathematics" [13]. 
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B. Students’ reasoning related to visual representation of 

energy 

Given the problem ilustration, "The beam is released on a 
curved path as shown in figure 3 with kinetic energy equal to 
its potential energy. If the friction between the beam and the 
trajectory is ignored, then the ratio of the kinetic energy of the 
beam at point A and starting point O is ..." 

 

Fig. 4. Visual representation of energy for block motion in curved trajectory 

Based on the illustration of the problem above, three 
answer options are provided, namely: (a) 3: 4, (b) 4: 7, and (c) 
7: 4. Based on the students' answers on this topic, 5 from 25 
students give true choice answer, that is option (c). All of the 
five students (Student 2, Student 6, Student 8, Student 13, and 
Student 25) give the same reasoning. They do reason through 
the analysis of visual representation in the image then the 
representation of the image is expressed through a 
mathematical representation with provisions such as the law of 
conservation of mechanical energy by observing the situation 
as in the test item. Mathematical representation is done to 
calculate the ratio of kinetic energy when the beam at point A 
with kinetic energy when the beam is at the starting point O. 
Fig. 4. shows the results of student representation so as to 
produce a reasoning in the form of a mathematical 
representation and produce an answer of 7: 4, namely option 
(c). 

 

Fig. 5. The answer, reasoning, and beliefs line answer of Student 25 

2 out of 25 students choose the answer option (a). Student 
5 answered incorrectly and was unsure of the answer. Student 
5 also does not provide reasons for the choice of answers. 

Based on the analysis of thinking using three levels, Student 5 
does not understand the concept presented in the visual 
representation of energy for block motion in curved trajectory 
[12]. Student 22 experiences misconceptions because the 
answers chosen are wrong, do not provide reasons for the 
choice of answers, and are confident in the choice of answers 
[14]. 

6 out of 25 students choose option (b). 3 of 6 students 
(Student 4, Student 10, and Student 18) who answered the 
choice of answers (b) experienced misconceptions because 
they were convinced of the choice of answers even though the 
choice of answers was wrong [14]. Student 4 and Student 10 
do not provide reasons for the choice of answers even though 
they are confident in the choice of answers. Student 18 
performs a representation of the visual representation that is 
presented and then performs mathematical representations as 
done by 5 students who understand the concept. However, at 
the end of the mathematical representation results, Student 18 
reverses in concluding the results of the comparisons that have 
been calculated. Reasoning in the form of mathematical 
representations presented by Student 18 is logical and correct, 
but Student 18 is wrong in choosing answers. This can happen 
because of the students' lack of accuracy in drawing 
conclusions based on the results of mathematical 
representations made. 3 of the 6 students who chose the 
answer (b) were included in the category of lack of 
understanding of concepts (Student 12 and Student 21) and did 
not understand the concept (Student 23) [12]. The three 
students gave no reason for the choice of answers. 

 

Fig. 6. The answer, reasoning, and beliefs line of Student 18 

While 11 of the 25 students gave another answer to this 
visual representation. Student 19 does not understand the 
concept because the answer is wrong, the reason is incorrect, 
and is not sure about the choice of answer. 5 students (Student 
1, Student 7, Student 9, Student 14, and Student 20) fall into 
the category of not understanding the concept. While the other 
5 (Student 3, Student 11, Student 15, Student 16, Student 17) 
experience misconceptions because they are confident in the 
choice of answers and the reasons even though they are 
wrong, even Student 11 is very confident in the answer. 

This profile shows that through good visual representation, 
students can form logical reasoning to choose the right answer 
to a problem presented visually representation. Although in 
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fact there are findings which state that the student reasoning 
shows different patterns during different behavioral modes 
[15].  

IV. CONCLUSION 

This research describe that students can make logical 
reasoning through visual representation ability. We know that 
for that case, students can explain their reasoning very well 
when they can interpret the visual representation given in test 
item. Student that haven’t visual representation ability can’t 
give the explanation about the reasoning of the answer choice.  

From this finding, the researchers recommended to 
teachers or lectures to give visual representation in learning 
physics. So, the students have good representation ability and 
have good logical reasoning in physics. 
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