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Abstract: A good and correct understanding of concepts is fundamental to prospective Physics teachers before
graduating from college. Therefore, it is necessary to identify the concept to ensure that no students have
misconceptions or understand the concept. This study aims at identifying the misconceptions experienced by
prospective Physics teachers at the final level, especially in the friction force material. It is descriptive research
conducted in a university in Mataram with 12 students involved. The instrument used was a three-tier test in a
multiple-choice test with open reasons. A total of 10 items with 30 questions were used in this study. Data
collection techniques used were tests and interviews. The data that has been collected was then analyzed using
descriptive statistics. Based on the results of the data analysis, it was found that 46.29% of the students had
misconceptions with details of 50.00% of the students experienced misconceptions in determining the type of
friction force, 43.75% in determining the direction of friction force, and 47.22% in determining the magnitude
of the friction force. The results of this study indicate that many students of prospective Physics teachers have
misconceptions. Therefore, we need alternative learning that can be used to reduce the misconceptions had by

future Physics teachers.
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INTRODUCTION

The concept's position in learning Physics is
very fundamental [1]. It is the basic structure used to
build theories, principles, laws, models, and formulas
in Physics. Without understanding the concept
correctly, students will undoubtedly have difficulty
understanding theories, rules, models, and formulas
in Physics. For example, Newton's second law is
built on reviewing the relationship between the
concepts of force, mass, and acceleration. Similarly,
Archimedes' law is built on the concept of lift and
weight of displaced liquid. Therefore, the primary
thing that students have to have when studying
Physics is to understand Physics concepts correctly
[2].

Before studying at school or university,
essentially in students’ cognitive structure, a
conception of a specific concept has been embedded.
This conception can arise from their observations of
natural phenomena or cause by the information they
get in the social environment in which they live [3].
Therefore, students' conceptions of certain concepts
can be right or wrong according to the experiences
and information in their daily living environment.
Students' conceptions are valid if they follow
scientists' or experts' conceptions. On the other hand,
if the students' conceptions are not in accordance
with the scientists' conceptions but they believe that
their conceptions are correct, concept students can
learn following conceptions [4-8].

Misconceptions in students are often found at
school. It follows the results of previous studies that

showed that there were still many high school
students  experiencing  misconceptions  [9-14].
Kaniawati's research results showed that 66.0% of
students have misconceptions [15]. A total of 39.9%
of students have misconceptions about light material
[16]. In dynamic electricity, 26.2% of students have
misconceptions [17]. Moreover, on the material of
temperature and heat, 12.9% of students experienced
misconceptions [18].

Many factors can cause misconceptions in
students. One of the factors that can cause students to
experience misconceptions is the teacher who teaches
them in class [19]. The teacher's mistakes in teaching
or even the wrong conception of the teacher can
cause misconceptions in students. The teacher's false
concept will be passed on to students to experience
misconceptions automatically. These kinds of
misconceptions are usually rather difficult to fix
because students feel confident that the concepts
taught by their teachers are correct [20]. Therefore,
before teaching in the classroom, teachers should
understand the concepts they will teach.

As the central learning resource in schools,
teachers must be adequately prepared to have a good
and correct understanding of concepts. One way that
can be done is to prepare prospective teachers who
are currently studying at the university level. As a
first step, the researcher plans to conduct an
analytical study to identify misconceptions that occur
in prospective teachers. It is important to do as a
basis for determining the proper treatment to
overcome the problem.

650


http://dx.doi.org/10.29303/jpm.v16i5.1448
mailto:ahmad.busyairi@unram.ac

J. Pijar MIPA, Vol. 16 No.5, November 2021: 650-658
DOI: 10.29303/jpm.v16i5.1448

One of the instruments that can be used to
identify misconceptions in students is to use
diagnostic tests [21-22]. Many studies use diagnostic
tests to identify misconceptions that occur in students
[23-26]. Diagnostic tests are an evaluation tool to
identify unresolved learning problems [27]. By using
diagnostic tests, teachers can obtain pure ideas about
students' understanding and difficulties faced. This
information is then used as a basis for determining
alternative teaching methods to overcome the
problems experienced by these students [28]. One
form of diagnostic test that is often used to identify
misconceptions that occur in students is a three-tier
test [29].

The three-tier test is a leveled multiple-choice
test. The first level contains questions just like
regular multiple-choice. The second level is a
question to find out the students' arguments or
reasons regarding their answers at the first level. The
third level contains questions to determine students’
confidence in their responses [30]. Questions at the
third level are used to identify whether students have
misconceptions or do not understand the concept. In
general, three-tier tests are made in leveled multiple-
choice tests. However, in this study, the second level
of the three-tier test was made up of open-ended
questions to give students the freedom to express
their conceptions of certain concepts hoping that the
information obtained is complete and more in-depth.

In addition to using the three-tier test, the
researcher also conducted interviews with the
prospective Physics teachers to obtain more in-depth
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data. It is in line with Gurel's statement that interview
techniques can be used in investigations to get more
detailed, comprehensive, and in-depth data,
especially related to students' cognitive structures
[30]. Interviews can provide more comprehensive
information regarding students' conceptions of
certain concepts [31].

RESEARCH METHODS

The method used in this study is the descriptive
research method that aims to make a systematic and
accurate description or description of the facts being
investigated [32]. This study was conducted at a
university in Mataram consisting of 12 prospective
Physics teacher students in their final semester.
Samples were taken using a simple random sampling
technique. A simple random sampling technique is a
sampling technique that is conducted randomly
without regard to the existing strata in the population
[33].

The data in this study were obtained by giving
tests and interviews to students. The test instrument
used was in the form of a three-tier test. The first
level contains questions just like regular multiple-
choice. The second level is a question to find out the
students’ arguments or reasons regarding their
answers at the first level. The third level contains
questions to determine students' confidence in their
answers. A total of 30 questions made into ten
questions were used in this study. The following is
an example of a three-tier test used in this research.

A Gayadorong < gavya gesek
B. Gaya dorong < gaya berat lemari
C. Gayadorong= gaya gesck
D. Gaya dorong < gaya gesek
E. Gayadorong> gavya gesek

Berikan alasan:

A Yakin

B. Tidak yakin

1. Seorang anak mendorong lemari di atas lantai datar kasar seperti
vang ditunjukkan gambar di samping. Jika lemari yang ia dorong
tidak bergerak sama sekali maka ini menandakan bahwa....

Apakah anda yakin dengan jawaban tersebut......

Figure 1. Example of three-tier test questions

The research data were then identified,
classified, and analyzed using descriptive statistics to
determine the percentage of students who understood
the concept, had a misconception and did not
understand the concept. The guidelines for
classifying conceptions in this study were adapted
from Arslan's categorization guidelines [34].

In addition to using the three-tier test, the
researchers also conducted interviews with the
prospective Physics teachers. Interviews were
conducted by finding their answers when they were
given the three-tier test. It is aimed at obtaining more
in-depth data related to the conception of the
prospective Physics teachers.
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Table 1. Guidelines for categorizing the conception of prospective Physics teachers

| Answer Code Reason  Code Certainty Code Category Code |

True B True B Sure Y Understands concept ucC

True B False S Sure Y Misconception M

False S True B Sure Y Misconception M

False S False S Sure Y Misconception M

True B True B Unsure TY Guesses G

True B False S Unsure TY Doesn't understand the DuUC
concept

False S True B Unsure TY Doesn't understand the DuUC
concept

False S False S Unsure TY Doesn't understand the DuUC
concept

RESULTS AND DISCUSSIONS

An overview of the conception of the
prospective Physics teachers based on the data
analysis that has been done is as follows.

From the graph above, it can be seen that
46.29% of the prospective Physics teacher students
have misconceptions, 28.70% do not understand the
concept, and only 25.00% of them understand the
concept. It shows that many students still have
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15%
10%

5%

misconceptions and do not even understand the
concept even though they are in the final semester. It
shows that the learning that has been done so far is
still less effective in reducing misconceptions in
students.

The misconceptions that mapping in students,
classification the concept of friction force material
into 3 (three) sub-concepts are needed as shown in
the following table.

46.29%

28.70%

0%
Understands concept (UC)

Misconception (M)

Doesn't understand the
concept (DUC)

Figure 2. Profile of the prospective Physics teachers’ conception

Table 2. The Misconceptions of Prospective Physics Teachers on the Sub-Concept of Friction force Material

Percentage of Numbers of Prospective Physics

No Sub-Concept of Friction force Teachers (%)
PK M TPK
1. Determining the type of friction force 12,50 50,00 37,50
2. Determining the direction of friction force 22,92 43,75 33,33
3. Determine the magnitude of the friction force 36,11 47,22 16,67
Total 25,00 46,29 28,70
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The table above shows that 50.00% of
prospective Physics teachers have misconceptions in
determining the type of friction force, 43.75% have
misconceptions in deciding the direction of friction
force, and 47.22% have misconceptions in assessing
the magnitude of the friction force on an object. Most
students experience misconceptions when they
determine the type of friction force acting on moving
objects (walking, rotating, and rolling). They believe
that when a thing is in motion, the kind of friction
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force acting on the system of objects is kinetic
friction. Of course, this is a common
misunderstanding (misconception) that students often
experience both at school and at the university level
[35].

Based on the results of data analysis, the
researchers succeeded in identifying the forms and
patterns  of  misconceptions  experienced by
prospective physics teachers. The results of this
identification can be seen in the following table.

Table 3. Forms and patterns of misconceptions in prospective physics teachers

Sub-concepts of friction force

Forms of misconceptions

Percentage (%)

PK M TPK
Determining the type of friction force on a moving and rolling object.
1. Determining the type of the friction = |tis a kinetic friction force because the 16,67 50,00 33,33
force acting on the paws of a walking cat is moving
cat = It is static friction force because the
friction force acting on the cat's paws
does slow down the cat's
movement
2. Determining the type of the friction = It is a kinetic friction force because the 8,33 50,00 41,67
force acting on a moving bicycle bicycle wheel is rotating.
wheel = It is a rotational friction force in the
opposite direction to the direction of
the rotation of the wheel
Determining the direction of friction force on a moving and rolling object.
1. Determining the direction of the = The direction of the friction force is 16,67 58,33 25,00
friction force acting on the paws of a opposite to the direction of the cat's
walking cat movement
2. Determining the direction of the = The direction of the friction force is 25,00 50,00 2500
friction force acting on a moving opposite to the direction of the
bicycle wheel bicycle’s movement
= The direction of the friction force is
forward because the wheels are turning
backwards
= The direction of the frictional force
rotates in the opposite direction to the
direction of rotation of the wheel
3. Determining the direction of the = The direction of the friction force is 33,33 33,33 33,33
friction force acting on the wheels of forward because the wheels are turning
a toy car that is being pulled until the backwards
car moves = The direction of the friction force
rotates opposite to the direction of the
rotation of the wheel
4. Determining the direction of the = The direction of the friction force is 16,67 33,33 50,00
friction force on a rolling wheel forward because the wheels are turning
backwards
= The direction of friction force is
opposite to the direction of the rotation
of the wheel
Determining the magnitude of friction force on a static or moving object.
1. Determining the magnitude of the = The friction force is greater than the 16,67 75,00 8,33
friction force on an object that is thrust, this is what causes the object to
being pushed forward but remains remain quiescent
quiescent
2. Determining the magnitude of the = The thrust is greater than the friction 50,00 41,67 8,33
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friction force on an object that is

force, this is what causes the object to

being pushed forward with constant move
velocity
3. Determining the magnitude of the = The magnitude of the static and kinetic ~ 41,67 25,00 33,33

friction force of a quiescent object if
the coefficients of static and kinetic
friction are known.

friction forces can be determined by
the equation:
fS=|J.SN dan kaHkN

Based on the data in Table 2 and Table 3 above,
it can be seen that in determining the type of friction
force, 50.00%  of  students  experienced
misconceptions, 37.50% did not understand the
concept and only 12.50% of them understood the
concept. This can be seen when they determine the
type of friction force acting on the paws of a walking
cat, 50.00% of them experienced misconceptions in
this case. Most of those who have misconceptions
said that the type of friction that acts on the cat's feet
is Kinetic friction because the cat is moving.
Similarly, when students were instructed to
determine the type of friction force on a moving
bicycle wheel, 50.00% of them experienced
misconceptions. Some of those who experience
misconceptions believe that the type of friction force
acting on a bicycle wheel is kinetic friction because it
is rotating.

The form of students' answers to these two
questions gives us information that; students still do
not really understand specifically the definition of
static and kinetic friction force. The concept
embedded in their cognition is only limited to "if the
object is moving then the object acts on the Kkinetic
friction force and vice versa, if the object is quiescent
then the friction force acting on the surface of the
object is static friction force". However, the problem
is that students do not really understand the meaning
of the words "moving " and "quiescent" in the
definition above, even though all students know the
definitions of static and kinetic friction force. The
students show an object as a system. When the
system is moving (in this case the cat and bicycle are
seen as a system), then Kinetic friction force is acting
on it. While, the meaning of the word "moving " or
"quiescent” in the above definitions is the relative
motion/movement between two momentary things
when they intersect. For example, when considering
the interaction between the cat's paws and the floor
surface, if the cat walks without slipping, the cat's
paws are relatively quiescent to the floor; just when
the cat's paws are in contact with the floor, the static
friction force acts. Furthermore, on the cases of the
movement of the bicycle wheel moving on the
asphalt, even though the bicycle wheel is rotating, if
taking a deeper observation on the relative motion
between the bicycle wheel and the asphalt, it can be
seen that the surface of the wheel is relatively
quiescent to the asphalt for a moment when the
surface of the wheel is in contact with the asphalt.

Therefore, the correct answer is that the static friction
force acts on a bicycle wheel.

In determining the direction of friction force on
objects, 43.75% of the students experience
misconceptions. This can be seen when students are
instructed to determine the direction of the friction
force on the paws of a moving cat, the wheel of a
rolling bicycle, and the wheels of a moving toy car
(without an engine). The pattern of student answers
is in line with their answers when determining the
type of friction force on an object. Most of the
students experience misconceptions because they see
an object or objects systematically, as can be seen
when determining the direction of the friction force
on the paws of a moving cat. 58.33% of the students
experienced misconceptions. They assume that the
direction of the friction force acting on the cat's paws
towards the back is opposite to the direction of the
cat's movement. Similarly, when they determine the
direction of the friction force acting on the wheel of a
bicycle. 50.00% of the students have misconceptions.
63.33% of those who experience misconceptions
believe that the direction of the friction force acting
on the wheel of the bicycle is towards the opposite to
the direction of the movement of the bicycle and
36.67% of them think that the direction of the friction
force is counterclockwise because the wheel rotates
clockwise. When students determine the direction of
the friction force acting on the wheels of the toy car
and the wheels that are rolling, similarly, most of
those who experience misconception believe that the
direction of friction force is opposite to the direction
of rotation of the wheel.

After conducting interview, it was confirmed
that the students' answers, the reason they answered
was because one of the characteristics of the friction
force was opposite to the direction of the object's
movement. If the object is moving forward then the
friction force acting on the object must be
backwards. Moreover, when an object moves in a
clockwise direction, the direction of the friction force
of the object will be opposite to the direction of
rotation, which is counterclockwise.

In fact, the student's conception which states
that the direction of the friction force is always
opposite to the direction of the force or the direction
of movement of objects is correct. It's just as
explained earlier that they are still looking at objects
macroscopically (systems of objects). Their view is
not focused on the surface of the object that is in
contact. For example, when looking at the paws of a
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cat that is walking without slipping, the object that
should be the focus of observation is the object that
touches (the sole of the cat's paw with the floor
surface), not the movement of the cat as a whole.
When the cat moves forward, the cat's paws lean
back on the floor so that the floor reacts forward. In
this case, this reaction force acts as a friction force so
that its direction also follows the direction of the
reaction force (forward). Similarly, on the rear wheel
of the bicycle, when the bicycle is pedaled, it will
cause the bicycle wheel to rotate (assume the
direction of rotation of the bicycle is clockwise). If
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we look at the form of interaction between the
surface of the bicycle wheel and the asphalt, then
when it rotates, the wheel gives the asphalt surface a
push towards the back. At that time, of course the
asphalt surface will react in the form of a push to the
wheel surface towards the front. This action force
acts as a friction force on the surface of the wheel.
The following is an example of a form of
misconception experienced by prospective Physics
teachers in terms of determining the direction of the
friction force acting on an object.
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Figure 3. Examples of student answers in determining the direction of the friction force on (a) cat paws, (b)
bicycle wheels, (c) toy car wheels

Next discussion is about the shape and pattern
of students’ misconceptions in determining the
amount of friction force on an object. Based on the
data in table 2 and table 3, it can be seen that,
47.22% of students experienced misconceptions.
This can be seen when students determine the
magnitude of the friction force acting on a cupboard
that is pushed, but the cupboard remains quiescent
(not move); 75% experienced misconceptions in this
case. Almost all students who experience
misconceptions think that the magnitude of the

friction force acting on the object is greater than the

thrust. It is what causes the object to remain
quiescent.
Similarly, when they were instructed to

determine the magnitude of the friction force
experienced by the object being pushed, making the
object move at a constant speed, 41.67% of students
experienced misconceptions. They assume that the
magnitude of the friction force acting on the object is
smaller than the thrust. Furthermore, when
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interviewed, students were
questions:

“If you say that an object is quiescent when it is
pushed, it means that the friction force acting on the
object is greater than the thrust (£ __ > F), then does

ges
it indicate that the resulting object is not zero? (Y F

£0)..7”

given  follow-up
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Some of the students could not answer this
question. It is indicated that students also do not
seem to really understand Newton's laws. Therefore,
it is necessary to conduct further studies in this
regard. The following is an example of a
misconception experienced in determining the
magnitude of the friction force on an object.
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Figure 4. Examples of student answers in determining the magnitude of the friction force on
object that is (a) quiescent (not moving), (b) moving with constant velocity

Based on the results of data analysis as
described above, it can be seen that students have not
been able to understand the concept of friction force
as a whole well and in-depth. It is an indicator that
the learning process applied so far is less effective in
reducing misconceptions that occur in students.

CONCLUSION

Based on the results of the data analysis
described above, it can be concluded that there are
still many prospective Physics teachers who have
misconceptions about the concept of friction force. It
is an indicator that the learning process applied in
higher education is still less effective in reducing
misconceptions that occur in students. Therefore, it is
necessary to innovate in learning to find learning
alternatives that can be wused to minimize
misconceptions experienced by prospective Physics
teachers.
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