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Abstract: One of the problems that are often found in universities, especially in physics
subjects, is the existence of misconceptions in students (learners). This study aims to
determine the effectiveness of using the multiple-representation approach Based on E-
Module in reducing the misconceptions of prospective physics teachers during the Covid-
19 pandemic. The method used is quantitative research with a one-group pretest-posttest
design. The sample consisted of 25 prospective physics teachers at one of the universities in
the city of Mataram. The instrument used in this research is an open-ended three-tier test.
A total of 10 test items with 30 questions were used in this study. The test was given twice,
namely before and after treatment. The test results data were then analyzed using
descriptive statistics to determine the decrease in the percentage of students who
experienced misconceptions. Based on the results of data analysis shows that there is a
decrease in the percentage of students who experience misconceptions by 31.89% from the
initial number of 57.19 to 25.30%. This decrease in misconceptions was also followed by an
increase in the percentage of students who understood the concept from 18.14 to 72.38%.
Thus, it can be concluded that the application of the multiple representation approach
assisted by E-Modules can be used as an alternative to reduce misconceptions and improve
understanding of the concept of prospective physics teachers in the COVID-19 pandemic.
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Introduction complex reality. For example, the concept of distance is

Physics is a branch of Natural Sciences that
studies natural phenomena related to matter and
energy. These natural phenomena are further
simplified by experts in the form of concepts, theories,
and laws so that they can be easily accepted by the
human mind (Kaniawati, 2017; Doyan et al., 2018).
Through concepts, one can simplify his thinking by
using one term for several events related to one another
(Ismet, 2013). The term is used to represent a more
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a term to describe the reality of the length of the path
traversed by a moving object. Likewise, the concept of
speed is used to explain the reality of the magnitude of
the distance traveled by objects per unit of time.

A person's understanding of a particular concept
is called a conception (Suparno, 2005). The fact,
Everyone's conception of a certain concept can be
different. Therefore, in the classroom, we will get to
know the conception of scientists, teachers'
conceptions, students' conceptions, and so on.
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However, the conception of scientists or experts is seen
as the most correct or most widely accepted and
recognized conception (Hikmawati, & Sutrio, 2019).
Conceptions that are not by scientific conceptions are
generally called misconceptions.

The misconception is a term that indicates a
difference in understanding between the concepts that
students have and concepts determined by experts
(Solas & Wilson, 2017; Samsudin et al., 2017; Fratiwi et
al., 2017; Osman et al., 2017; McLaughlin & MacFadden;
2014). The same thing was expressed by Suparno &
Paul, (2005), and Hikmawati & Sutrio, (2019) which
stated that misconceptions are concepts that are
believed to be true by students but are not following
the truth of concepts recognized by experts. In other
words, students believe the concept they have is correct
but in fact, the concept is wrong according to the
provisions of the experts.

In general, students' misconceptions can be
caused by many factors, one of which is the teacher
teaching in the classroom (Barke et al., 2009). Teacher
errors in teaching, wrong teacher conceptions, and
inadequate teacher understanding can lead to
misconceptions in students. Misconceptions caused by
teacher errors are usually rather difficult to fix because
students feel confident that the concepts given by the
teacher are correct. Thus, before teaching, teachers or
prospective teachers should master the material that
will be taught in class.

In addition, understanding concepts correctly
has a very important role in the success of learning
physics. Students who understand the concept well will
be able to abstract the observed phenomena so that
these phenomena can be classified in certain groups
appropriately. Vice versa, students who do not
understand the concept correctly (misconceptions) will
classify phenomena incorrectly which in turn can
hinder the achievement of higher cognitive levels
(Santrock, 2011; Hoft et al., 2019; Bartel et al., 2013).
This will affect the low cognitive learning outcomes
and problem-solving ability of students (Barmby et al,,
2014).

However, based on the results of a preliminary
study at one of the universities in the city of Mataram,
it shows that there are still many prospective physics
teacher students who do not understand the concept
and even experience misconceptions. In motion
kinematics, there are 59% of students have
misconceptions, 29% do not understand the concept
and only 12% of students understand the concept. This
shows that the approaches, methods, or learning
strategies that have been used by lecturers are still not
effective in increasing understanding of concepts and
reducing misconceptions that occur in students.
Therefore, there needs to be another approach or

teaching method as an alternative to overcome these
problems. One alternative that can be used to reduce
the misconceptions of prospective physics teacher
students, especially on motion kinematics material, is to
use a multiple representation approach.

The multi-representation approach refers to
learning that presents the same concept in different
formats or forms (Tytler & Prain, 2013). According to
Treagust et al, (2017), multi-representation means re-
presenting the same concept in different formats
(pictures, verbal, graphs, and mathematics). The
purpose of using multiple representations in presenting
a physics concept is to be able to clarify a concept
which in turn can further improve students'
understanding of the concept. This is in line with the
statement of Rosengrant et al, (2007) and Rahman et al,
(2021) which states that multiple representations can
help learn concepts, improve students' critical thinkin
and solve problems, and help address problems so as to
improve student learning outcomes. Furthermore,
Suyono, (2015) emphasizes that the application of
multiple representation-based learning is a must,
especially for abstract materials that involve the
interconnection of natural phenomena. In addition,
using various representations is also expected to better
accommodate all types of learning style tendencies.

Empirical research related to the use of multiple
representations approaches in improving students'
understanding of concepts has been done before. The
results of research Suhandi & Wibowo, (2012);
Widianingtiyas et al, (2015); Hasbullah et al, (2018);
Phanphech et al, (2019); and Kurniasih et al, (2020)
show that the application of a multi-representation
approach in learning physics can improve students'
understanding of concepts. Therefore, here the
researchers plan to apply learning based on a multiple
representation approach to improve conceptual
understanding while reducing the misconceptions of
prospective physics teachers, especially related to one-
dimensional motion kinematics material.

Given the current state of Covid-19, schools or
colleges are required to study online. Based on the
results of research by several experts, online learning
during the current Covid-19 pandemic is still
considered ineffective (Basar, 2021; Dewatara &
Nurgiansyah, 2021; Rahma & Pujiastuti, 2021; and
Hatmo, 2021). Therefore, to optimize the learning
process that occurs in students, in this study students
will also be given E-modules so that they can study
independently outside lecture hours. The reason
researchers use electronic modules (E-Modules) is that
E-Modules are easier to distribute to students when
compared to print modules considering the uncertain
pandemic conditions.
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Method

The method used is quantitative research with a
one-group pretest-posttest design (Frankel et al., 2012).
This study did not use a comparison class but had used
a pretest-posttest so that the magnitude of the decrease
in the misconceptions of prospective physics teachers
after they were given treatment could be known with
certainty. The research design can be seen in table 1.

Table 1. Research design

Pretest Treatment Posttest
X Multiple-Representation Approach X
Mlustration  of learning with  multiple

representation approach in straight motion with
constant acceleration can be seen in figure 1.
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increases by 2 m/s.
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The magnitude of the change in velocity per unit time is known as acceleration (a).
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Figure 1. an example of using the Multiple Representation approach in straight motion
with constant acceleration

This research was conducted at Maratam
University, West Nusa Tenggara, Indonesia. The
sample used consisted of 25 prospective physics
teachers who were taking the Basic Physics I course.
Sampling used a simple random sampling technique.
Simple random sampling technique is a technique of
taking samples from members of the population which

is carried out randomly without regard to the strata
that exist in the population (Sugiyono, 2012).

The instrument used in this research is in the
form of a three-tier test. A total of 10 test items with 30
questions were used in this study. The test was carried
out twice, namely before and after treatment. Before
being used, the test instrument is first validated by
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experts. This validation aims to see the suitability
between the contents of the instrument and the material
that has been taught, the suitability of questions and
answers, and the suitability of grammar.

The test results data were then categorized and
analyzed using descriptive statistics to determine the

percentage of prospective physic teachers who
Mastering the concept , misconceptions, guessing or not
know the concept. The following is a guideline for
categorizing students' conceptions using a three-tier
test (Arslan, Cigdemoglu, & Moseley, 2012).

Tabel 2. The Grouping Criteria of Students” Conception Based on Three-tier Test

Answer Code Reason Code Conviction Code Category Code
True T True T Sure S Mastering the concept MC
True T False F Sure S Misconception M
False F True T Sure S Misconception M
False F False F Sure S Misconception M
True T True T Not Sure NS Guessing G
True T False F Not Sure NS Not know the concep NKC
False F True T Not Sure NS Not know the concep NKC
False F False F Not Sure NS Not know the concep NKC

Result and Discussion

The percentage of prospective physics teachers
who Mastering the Concept (MC), Misconception (M),

80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%

0.00%

72.38%

57.19%

25.30%
18.14%

Guessing (G), and Not Know the Concept (NKC) based
on the results of the pretest and posttest on one-
dimensional motion kinematics material can be seen in
Figure 2.

22.45%

- 1.35%

2.28% 0.92%

Mastering the Concept

Misconception

Not Know the
Concept

Guessing

m Pretest % m Posttest %

Figure 2. The percentage of the number of prospective physics teachers who are MC, M, G, and NKC based on the
results of the pretest and posttest

The graph above shows that the percentage of
prospective  physics  teachers who  experience
misconceptions has decreased by 23.32%. This is
followed by the increasing number of students who
mastered the concept, which is 46.33%. This indicates
that the application of the multiple representation
approach assisted by E-Modules can improve
understanding of concepts and reduce misconceptions
that occur in prospective physics teachers.

Furthermore, for more in-depth analysis, an
analysis of the pretest and posttest scores was carried
out for each concept in the motion kinematics material.
The following is the percentage of the number of
prospective physics teacher students who Mastering
the Concept (MC), Misconception (M), Guessing (G),
and Not Know the Concept (NKC) on the concepts of
distance and displacement, velocity, and acceleration in
one-dimensional motion kinematics.
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Figure 3. The percentage of the number of prospective physics teachers who are MC, M, G, and NKC
for each concept in the one Dimensional Kinematics material

The results of data analysis showed that the
number of prospective physics teachers who
experienced misconceptions decreased for all concepts
in the one-dimensional motion kinematics material
(Distance, displacement, velocity, and acceleration). For
the concept of distance and displacement, there was a
decrease in the percentage of students who experienced
misconceptions by 64.22%. Likewise for the concepts of
velocity and acceleration, the percentage of students
who experienced misconceptions decreased by 21.60%
and 36.63%, respectively. The results of this data
analysis indicate that the use of the multiple
representation approach assisted by E-Modules can be
used as an alternative to reduce misconceptions in all
concepts in one-dimensional motion kinematics
material.

Furthermore, the following will analyze the
misconception patterns of prospective physics teacher
students on the concepts of distance and displacement,
the concept of velocity, and the concept of acceleration
before and after being given treatment.

Distance and displacement

Based on the pretest score as shown in the graph
above ; at first as many as 68.42% of students
experienced misconceptions. Some students are still not
able to distinguish between the concepts of distance
and displacement. This can be seen from the pattern of
their answers when asked the following question:

“If the object's displacement is zero, then it can be
ascertained that the object's distance is also zero”

As many as 68.42% of students believe that the
statement is true. They assume that when the object's
displacement is zero, the object is at rest so the distance
traveled by the object will also be zero. Whereas

according to the expert's conception, objects that have
zero displacements are not necessarily for a certain
period the object is at rest (Giancoli, 2001; Tipler, &
Mosca, 2008; Gordon et al., 2010).

This assumption changed after they were given
treatment in the form of applying a multiple
representation approach and giving E-Modules. Based
on the results of the posttest score analysis, it showed
that as many as 96% of students were able to
understand the concept of distance and displacement
well although there were still around 4% of students
who had misconceptions. This means that there is a
decrease in the percentage of students who experience
misconceptions by 64.42%.

In learning by using a multiple representation
approach, the concepts of distance and displacement
are not only expressed in verbal form but are also
visualized in the form of pictures, math, and graphs so
that students' understanding of these concepts is more
comprehensive. This is what makes students
understanding better. The results of this study are in
line with the statement of Rosengrant, et.al., (2006)
which states that multiple representations can help
learn concepts, help solve problems, and help address
problems to improve student learning outcomes.

Velocity

Velocity is a vector quantity. So in addition to
having magnitude, velocity also has a direction
component. Therefore, in this study, the concept of
velocity will be viewed from 3 aspects; (1) the ability to
understand the physical meaning of the magnitude of
the velocity of an object, (2) the ability to understand
the direction of velocity, (3) the ability to identify the
velocity of an object from a graph.
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Table 3. Percentage of the number of students who are MC, M, G, and NKC on the Concept of velocity

. Pretest % Posttest %

Velocity Aspect MC M G NKC MC M G _NKC

1. The ability to understand the physical meaning of the 5.26 63.16 0.00 31.60 64.00 36.00 0.00 0.00
velocity of an object

2. The ability to understand the direction of the velocity 21.10 53.00 0.00 2630 58.00 40.00 0.00 2.00
of an object.

3. Ability to identify the velocity of objects from the 3.52 59.70 0.00 3255 62.67 36.00 0.00 1.3
graph.

Average 9.95 58.60 0.00 3015 6180 37.00 0.00 1.10

To find out the prospective physics teacher's
conception of the physical meaning of the concept of
velocity, they were given questions in the form of a
picture of the position of two objects that were moving
straight to the right.

o 1 2 3 4 5

| | | | | | |
| L L L L I L L L L | L L L L ] L L 1 L | L 1 1 1 |
| 1 1 1 I I I 1 I 1 | 1 I 1 I 1 I I I I | 1 I I I |
[ | | | [ | | | | | [ |
0 1 2 3 4 5 6

Figure 4. The position of objects every one second

Then they were instructed to determine when the
two objects had the same velocity. At first, as many as
63.16% of students experienced misconceptions in this
case and only 5.26% of students understood the
concept. They assume that objects have the same
Velocity when the positions of the two objects are the
same or parallel (at the 1st and 4th seconds). This
indicates that students do not understand the definition
of the physical meaning of the concept of Velocity.

Likewise, when prospective physics teachers are
asked about the concept of the direction of the velocity
of an object that is moving. As many as 53.00% of
students think that when an object initially moves to
the right and then slows down until it finally stops,
then as long as the object is decelerating the velocity of
the object is negative (opposite to the direction of its
original velocity).

In addition, the researcher also identified that
students had misconceptions in reading graphs. Three
graphs are presented which consist of a graph of
position versus time (x—t), graph of velocity versus time
(v—t), and graph of acceleration versus time (a—t). As
many as 59.70% of students experienced
misconceptions in this case. Only 3.52% of prospective
physics teachers understand the concept.

Based on the pattern of answers by the results of
the student pretest, the researcher assumed that in the
cognitive structure of the students, they could not
distinguish between velocity versus time graphs,
position versus time graphs, and acceleration versus
time graphs. Every graph that has a gradient equal to
zero always interprets that the object experiences a

constant velocity. Likewise, every graph that decreases
they always interpret that the object is slowing down.
This can be seen from the pattern of student answers
when instructed to determine the type of movement of
objects from a graph as shown in figure 5.

x (m) 4

t (second )

0 >

Figure 5. Graph of position as a function of time

As many as 58% of prospective physics teachers
have misconceptions in this case. Most of them think
that the graph shows the movement of an object that
initially moves at a constant velocity and then slows
down until it finally stops. This pattern of answers
shows that students still cannot distinguish the type of
graph of position versus time (x-t), and graph of
velocity versus time (v—t).

This argument is strengthened when looking at
the pattern of students' answers when they are
instructed to determine when an object experiences a
constant velocity based on the figure 6.

a@m/s) o
8 1 i i
2 + E E t (Second)
| | 1 1 | —

Figure 6. Graph of acceleration as a function of time
As many as 57.90% of students think that objects

move at a constant velocity in the 3rd to 4th seconds
because the gradient of the graph is zero.
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However, after the physics teacher candidates
were given treatment, it was seen that there was a
decrease in misconceptions on the concept of average
speed by 21.60% (from 58.60% to 37.00%). This shows
that the use of multiple representation approaches
(pictures, verbal, mathematical, and graphic) is able to
reduce misconceptions that occur in students. In
addition, the percentage of the number of students who
understand the concept also experienced a significant
increase of 51.68%. In other words, as many as 21.60%
of students who initially had misconceptions
understood the concept, and as many as 30.08 students
who initially did not understand the concept became
understanding of the concept. This shows that students

who initially do not understand the concept more
easily experience a conceptual shift towards
understanding the concept when compared to students
who experience misconceptions.

Acceleration

Acceleration is a vector quantity. So in addition
to having a magnitude of acceleration also has a
direction. Therefore, in this study, the concept of
acceleration will be viewed from 2 (two) aspects,
namely: The ability to understand the physical meaning
of the magnitude of the acceleration of an object in
relation to the change in velocity and the ability to
understand the direction of acceleration.

Tabel 2. Percentage of the number of students who are MC, M, G, and NKC on the Concept of Acceleration

Acceleration Aspect Pretest % Posttest %
MC M G NKC MC M G NKC
1. Ability to understand the physical meaning of the 21.05 52.63 8.77  21.05 7533 20.00 0.67 4.00
magnitude of the acceleration of an object
2. The ability to understand the concept of the direction  31.58 52.63 263 13.20 84.00 12.00 4.00 0,00
of acceleration of an object.
Average 26.34 52.63 570 1713 79.7 1600 230 2.00

There are four questions given to prospective
physics teachers to find out their conception of the
concept of acceleration. The first question relates to the
definition of acceleration as a change in velocity. When
prospective physics teachers are asked:

“If the acceleration of an object is zero, does that mean
that the object's velocity is also zero...?”

As many as 68.42% of prospective physics
teachers have misconceptions in this case. They assume
that when the acceleration of an object is zero, it means
that the object is not accelerating. An object that is not
accelerating indicates that the object is at rest so that the
object's velocity is also zero.

Similar questions were asked of prospective
physics teachers regarding the concept of acceleration
as a change in the velocity of an object. The questions
are as follows;

“If object A is moving at a higher speed than object B,
it can be ascertained that object A's acceleration is
also higher than object B...?”

A total of 47.40% of prospective physics teachers
have misconceptions in this case. They assume that an
object that has a greater speed must have a greater
acceleration.

Prospective physics teachers also have difficulty
when the concept of acceleration is displayed in the
form of pictures. When they are given a picture of the

position of two objects that are moving in a straight line
to the right.

0 1 2 3 4 5 &
Balck A W | | | | | n |

Balkck B | | | | | | | |
2 3 4

i} i

Figure 6. The position of objects every one second interval

As many as 42.00% of prospective physics
teachers have misconceptions in this case and 26.30% of
them do not understand the concept. They assume that
the acceleration of block B is greater than the
acceleration of block A.

The three answer patterns, it shows that students
experience misconceptions in various forms of
representation. However, after the prospective physics
teacher experienced the learning process with a
multiple representation approach, the number of
students who experienced misconceptions, in this case,
decreased from the initial 52.63% to 20.00%. This means
that there is a decrease of 32.63%.

Likewise, when we review the ability of
prospective physics teachers to understand the concept
of the direction of acceleration of an object. At first, as
many as 52.63% had misconceptions in this case. They
assume that the direction of acceleration is always the
same as the direction of the object's velocity. However,
after being given treatment, there was a decrease in the
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percentage of prospective physics teachers who had
misconceptions by 40.63%.

Based on the results of the data analysis and
discussion above, it can be seen that the application of
the  E-module-assisted  multiple  representation
approach, in general, can improve understanding of
concepts and reduce misconceptions of prospective
physics teachers, especially on one-dimensional
kinematics material. The results of this study are in line
with The results of research Abdurrahman, et.al.,
(2011); Suhandi & Wibowo, (2012); Widianingtiyas,
et.al., (2015); Hasbullah, et.al., (2018); Phanphech, et.al.,
(2019); and Kurniasih, et.al., (2020) show that the
application of a multi-representation approach in
learning physics can improve learners' understanding
of concepts.

Conclusion

It can be concluded that the use of the multiple
representation approach assisted by E-Modules, in
general, can be used as alternative learning to improve
understanding of concepts and reduce misconceptions
of prospective physics teachers, especially in one-
dimensional motion kinematics material. In this study,
the researcher only used one class without using a
comparison class. Therefore, it is recommended for
further research to use a comparison class to compare
the effectiveness of one method, strategy, approach, or
learning model to another.
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