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The aim of this study is to analyze the ability of students to solve the problems of linear motion kinematics expressed in symbolic and
numeric representation. Research was survey with cross-sectional design. Research subjects included 26 first year undergraduate students
in physics at one of the State Universities in Malang which was consisted of 10 men and 16 women. The research instrument was openended test of linear motion kinematics problems expressed in symbolic and numeric representations with a reability 0.807. The research data
were analyzed using descriptive statistics. The results showed that students had difficulty solving linier motion kinematics problems in both
representations but problems in symbolic representations were more difficult for students to solve than numeric representations. The study
suggested further research to explore the causes of student difficulties more authentically, e.g. by interviewing or thinking aloud.
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1.

Introduction

The use of multiple representations is one of the important skill that is needed by students to succed in learning
physics. Multiple representations in physics can be in the
form of words, pictures, diagrams, graphs, computer simulations, mathematical equations, etc [1-5]. Multiple representations can be effective improve understanding of physics
concepts as well as problem solving skills [5,6]. The use of
multiple representations can also be used to describe information more clearly so that it can affect students’ abilities
and strategies in solving problems [7,8].
Kinematics is one of the basic physics materials that is
closely related to representation in learning. According to
Ref. [9], to improve understanding of kinematic concepts,
students must understand several representations. Some of
the representations that students must understand in basic
physics include graphics, verbal, pictures, and mathematical
equations [10]. Therefore, kinematics is an important material that is also challenging for students [11].
In fact, students have difficulties in solving kinematics
problems related to multiple representations. Some studies
reveal that students have difficulties in understanding kinematics graphs [1,12-17]. Research also found many students
in universities have difficulties to solve kinematics problems
in symbolic representation rather than numeric representation
[18]. Result of pretest in Ref. [9] research where students
were asked to determine the velocity of two objects based
on a motion diagram showed that only 2.9% of students answered correctly.
Based on the explanation above, the difficulty of students
in kinematic graphs is an issue that most researchers pay attention, but students’ ability to solve kinematics problems in
other representations such as symbolic and numeric representations are still not of concern in research. In previous

research [18] Torigoe used multiple choice test of kinematics problems in symbolic and numeric representation which
aims to measure differences in students’ performance when
solving kinematics problems in different representations. The
results showed that there were some students’ difficulties
when solving kinematics problems in symbolic representations. Students’ difficulties when solving the problems in
symbolic representation are caused by confusing the meaning of variables in symbolic representation [18], inability to
interpret physics equations [19], and confusing of known and
unknown symbols in equestions [20]. This is also indicated
by the result of the mean score of the questions that used
symbols were lower than the questions that did not [18].
As has been explained, research on the differences in students’ ability to solve kinematics problems in symbolic and
numeric representations has been carried out abroad but in
Indonesia it has never been done. Based on research location, education in Indonesia is different from foreign countries. Teachers and lecturers in this country often use numeric
representations in explaining physics material and applying
it in exams. So that students are used to solving physics
problems in numeric representations, but rarely even almost
never solve problems in symbolic representations. In reality,
the use of symbols in learning are closely related to equations, have conceptual and physical meaning in understanding physics concepts [21]. The purpose of learning with symbols contained in physics equations is that students are able
to interpret the relationship between symbols and physical
meanings. However, students are required to not only understand physics using mathematics but also understand mathematics in the concept of physics [22].
Based on this phenomenon, this study wants to analyze
the students’ ability to solve kinematics problems in symbolic and numeric representations more explicitly in Indonesia. This study will also reveal students’ understanding of
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distance and constant acceleration concept in symbolic and
numeric representations. Algebra is also one of the skills
that needed by students when solving kinematics problems in
symbolic representations. According to Ref. [18], for some
student, the lack of algebraic facilities act as barrier to succes in physics. The students’ difficulties in understanding
symbols will interfere their performance when solving problems in symbolic representations. Based on the explanation
in front, students have not mastered the concept of linier motion kinematics properly which also will have an impact on
their ability to solve problems in multiple representations.
The purpose of this study was to analyze the ability of students to solve kinematics problems in linier motion in symbolic and numeric representations. Two research questions
raised are as follows. 1. How is the ability of students to
solve the problem of linear motion kinematics in symbolic
and numeric representations? 2. Which problems in representation are more difficult for students to solve?

F IGURE 1. The example of kinematics question number 1 in symbolic representation.

TABLE I. Indicators of problem solving linier motion kinematics.
Item

Concept and

Number

Type of

Indicators

Representation
1

Distance

Determine the distance

(Symbolic)

traveled by a car based on
known quantities in symbol.

2. Method
2

2.1. Research design
This research used survey model approach with crosssectional design. The data of this study was quantitative. The
initial step in data collection was giving open-ended test to
students. Respondents will work on the problems individually in thirty minutes in class. After that, the student’s answer sheets that have been collected are scored conventionally with rubric that made by researchers. The assessment
rubric can be seen in Appendix B.
2.2. Participants
The subjects of this research are first year undergraduate students majoring in physics at one of the state universities in
Malang who were currently pursuing fundamenal physics in
2019/2020 academic year. The total population of first year
physics undergraduate students this research in were 96 students. There were 3 classes in the physics department in the
first year undergraduate students in 2019, 1 class was chosen
by random sampling as the research sample. The number of
respondents were 26 undergraduate students consisting of 10
men and 16 women. The age of the respondents ranged from
17 to 20 years and respondents were selected based on convenience sampling. Respondents who participated in the study
were small sample because researchers cannot collect more
data caused COVID-19 pandemic. The study was conducted
in four months starting from August to November 2019.

3

Constant

Determine minimum

acceleration

acceleration based on known

(Symbolic)

quantities in symbol.

Distance

Determine the distance traveled

(Numeric)

by a car based on known
quantities in numeric.

4

Constant

Determine minimum

acceleration

acceleration based on known

(Numeric)

quantities in numeric.

adapted from multiple choice test of kinematics concepts in
symbolic and numeric represention [18]. The researchers
choose open-ended test because its have been designed to
reduce students’ cheating in exams. The questions of instruments are two pairs of linier motion kinematics questions
consisting of four questions. Indicators for each question can
be seen in Table I.
Uncommon variables in kinematics are used in questions
on symbolic representation such as the variable f for speed,
d for travel time, and b for distance. The example of question
number 1 can be seen on Fig. 1.
2.4.

Data analysis

Data was analyzed with descriptive statistics. Descriptive
analysis explains mean, standard deviation, highest score,
and lowest score. The problems which is more difficult to
solve by students can be seen from the correct percentage of
each problems in representations.

2.3. Research instrument

3.

The instrument used in this research was open-ended
test with a reability 0.807 The questions were adopted and

The students’ ability to solve linear motion kinematics problems can be seen from the scores obtained by students which

Result and discussion
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F IGURE 3. Correct percentages of linier motion kinematics problems.

F IGURE 2. Histogram of scores obtained by students.

are presented in the histogram on Fig. 2. Based on Fig. 2, the
scores obtained by students with the highest frequency are in
the range of 0 to 20.
The student’s ability to solve linier motion kinematics
problems can be seen from mean score of students in descriptive statistics. Descriptive statistic of student’s score presented in Table II.
Linier motion kinematics problems representation that
are more difficult to solve by students than others can be
seen by the lower mean among other problems. Descriptive
statistics of students’ scores on each problem presented on
Table III. Based on Table III, the result of descriptive statistics test showed that item number 1 and 2 which are questions
in symbolic representation have mean scores lower than number 3 and 4 which are numeric representation. This findings
are the same as the result of research by [18] which stated
that the mean score of the questions that used symbols were
TABLE II. Descriptive statistics of students’ scores.
N
26

Lowest

Highest

score

score

2

100

mean

Standart
deviasi

33.59

26.00

TABLE III. Descriptive statistics of students’ scores on each problem.
item

Lowest

Highest

score

score

1

0

25

2

0

3

0

4

0

mean

Standart
deviasi

6.750

9.1228

25

6.077

5.5636

25

11.558

9.7492

25

9.212

7.6134

lower than the questions that did not. This result of study
showed that kinematics questions in symbolic representations
are more difficult for students to solve than numeric representations.
Problems which are more difficult for students to solve
also can be seen in the correct percentage of questions on
Fig. 3. Based on the Fig. 3, the lower correct percentage of
questions is number 1 and 2 which are questions of distance
and acceleration concept in symbolic representation.
The result of this study indicated that the ability of students to solve distance and constant acceleration concept between symbolic and numeric representation was different. It
showed that the context of question in different representations can affect students’ ability to solve the problems. There
are two questions that are the more difficut to solve for students. Two questions are number 1 and 2 which are in symbolic represention.
Question number 1 is about distance concept that students are asked to determine the distance traveled by the car
when the speed is f1 /2. Students who understand the concept of distance will answer correctly althought faced with
questions in symbolic representations. So students’ abilities
to solve problems will not be affected by questions in different forms of representation. The correct answer for number 1 is s = f1 d1 /8. There were 4 students who answered
correctly and 22 students who answered incorrectly in with
various answers. Students answered incorrectly in number 1
caused by misinterpreting the initial speed of car, misinterpreting the initial speed and time when the speed is f1 /2, and
using incorrect equations. The use of the incorrect equations
was the most students’ fail when solving number 1. These
results indicate that most of students do not understand the
distance concept but only memorize the equations that are
used to solve problems. The result of the study is consistent with the findings of [1,18] which students have difficulty
in representing symbolic questions because conceptual understanding is still limited and there was work that inderterminate such as many conflicting equations. The example of
student’s incorrect answer for Question number 1 caused by
using incorrect equations can see in Fig. 4.
Question number 2 is about constant acceleration concept
that students are asked to determine the minimum acceleration of Budi in order to overtake Ani in the distance b. The
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F IGURE 4. Example of incorrect equations to solve question number 1.

correct answer for number 2 is a ~amin = 2(f 2 /b). There were
2 students who answered correctly and 24 students who answered incorrectly in various answers. Some obstacles when
solving number 2 students have difficult for understanding
the context of questions, subtituting symbol, and using equations. The use of the incorrect equations also was the most
students’ fail when solving number 2. These results indicate
that students do not understand physical context but only

memorize the equations that are used to solve problems. The
difficulty in understanding the context of number 2 is when
students misunderstand Budi’s acceleration in chasing Ani
to get to the gate. When Budi wakes up and chases Ani,
Budi’s speed is zero. This is one of the uses equations in
linier motion kinematics for constant acceleration concept.
Therefore, the correct equation for determining the minimum
acceleration Budi chases Ani is s = vinitial t + (1/2)~at2 . But
many students have written incorrect equations to solve number 2. The result of the study are consistent with the findings
of some researchers. When students were solving the physics
problem in symbolic representation, they have difficulty in
understanding physical context [23] and interpreting physical equations [24].
This result also showed that the most students who failed
to solve the problems answered by incorrect equations. It
showed that the students’ failure to solve the problems in
representations was not about the lack of manipulation in
mathematics but the conceptual understanding of students.
This finding also is same as the result of previous research.
The previous research stated that students who had the lack
of knowledge of mathematics is not the main reason for stu-

TABLE IV. Student’s answers in symbolic representations.
Concept

Answer

Number of Students

Distance

Correct

4

Using equations

2

f1 = ad1
¡ f1 ¢2
= f12 + 2 df11 s
2

s = f1 d21 +

atau

1 f1
2 d1

¡ d1 ¢
2

but misinterprets the initial speed when the speed is
S=

Result

− 3f18d1

and

S=

f1
.
2

3f1 d1
.
4

Using equations
f1
2

1

= f1 + ad1 ,

dan

s = f1 d1 +

1
ad21
2

misinterpret the initial speed and the time when speed is
The result is s =

f1
.
2

f1 d1
4

Using equations

6

S = f1 d1 , the result is S =

Constant

f1 d1
x2.
2

Using incorrect equations

13

Correct

2

acceleration
Using equations
t=

s
f

dan s =

1
a
2

2

³ ´2
s
f

but it is wrong to substitute symbols in the equation the result is
a=

2f 2
s

or a =

Obtain t =

2v 2
.
b

b
f

9

But it is wrong to use the equation to determine the minimum acceleration
Using a wrong equation

11

Answering wrong with reasoning

2
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also find out that there are some student difficulties in solving kinemantics problems of straight motion in symbolic and
numeric representations.

Appendix
A. Instrument test
1. A car which is initially silence moves to the right so
that it reaches speed f1 in d1 seconds. As the picture
below.
F IGURE 5. Example of incorrect equations to solve question number 2.

dents’ difficulties in solving physics but the understanding
of concepts was the biggest problem for students in solving
physics problems [14]. In other side Ref. [19] stated that
students confusion to solve kinematics problems in symbolic
representations is created because the same symbols will appear with more than one in the second equation during the
solving process. The example of student’s incorrect answer
for number 2 can be seen in Fig. 5.
Students’ answers and number of students when solving
distance and constant acceleration concept in symbolic representation are presented in the Table IV.

4.

Suggession and recommendations

The results of the study provide several suggession and recommendations so that students can solve problems better in
a multiple representation and understand physics concepts.
Teachers can do learning physics using multiple representations, provide practice questions or tests, and challenge learning about diverse representations in solving physical problems [25]. The ability to interpret many representations needs
to be assisted by the teacher by teaching the correct understanding of concepts, therefore the teacher must prepare the
material well [26]. Some weaknesses in research include relatively small research data using only classes taught by the
same lecturers and students.

5.

Conclusion

The results showed that students have difficulty solving kinematics problems both representations but problem solving in
symbolic representations is more difficult than numeric representations. It is recommended in learning physics not only
provides numeric based tests but also uses multiple representations because it can help students solve problems and
understand the concepts of physics. The impact of research
for students is that they can know that the same linier motion kinematics question but different representations will affect their performance in solving problems. Researchers can

What is the distance traveled by the car when the speed
is f1 /2? (assume that the acceleration is constant)
Answer :
2. Budi and Ani are racing towards the school gate. Budi
ran quickly leading the way in front of Ani. When
Budi is almost at the school gate, he decides to take
a break. A few moments later, Ani catches up with
constant speed f past Budi, who is sitting resting at a
distance of b from the school gate. Just as Ani passes
Budi, Budi runs up and runs at a constant speed to get
to the school gate first. What is the minimum acceleration for Budi to reach the school gate before Ani?
Answer :
3. A car which is initially silence moves to the right so
that it reaches speed 60 m/s in 8 seconds. As the picture below.

What is the distance traveled by the car when the speed
is 30 m/s? (assume that the acceleration is constant).
Answer :
4. Budi and Ani are racing towards the school gate. Budi
ran quickly leading the way in front of Ani. When
Budi is almost at the school gate, he decides to take
a break. A few moments later, Ani catches up with
constant speed 2 m/s past Budi, who is sitting resting
at a distance of 500 m from the school gate. Just as Ani
passes Budi, Budi runs up and runs at a constant speed
to get to the school gate first. What is the minimum
acceleration for Budi to reach the school gate before
Ani?
Answer:
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B. Assessment rubric
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