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Abstract

This study aims to develop diagnostic questions in measuring student
misconceptions and to describe the profile of the misconceptions following
students in the science concepts subject in the Motion Systems sub-chapter.
This research is part of the research and development (R&D) step in
developing a four-level type of diagnostic test item consisting of a preliminary
study stage, a development stage, and a validation stage. At this stage of
development, the researcher gave open description questions to students of
the Primary Educational Teacher Department, Universitas Muria Kudus in
semester 3 of the 2018/2019 academic year classes 3C, 3D, 3E, and 3F to find
the form of diagnostic questions, find answer options and options for these
questions. The instrument is provided as a diagnostic question instrument in
the form of a description. Based on data analysis, it is found that it is valid and
reliable so that it can be used for research. The proportions of the resulting
answers, namely there are four answer choices and four reason choices with

35



36

Siti Masfuah, Fina Fakhriyah, Insih Wilujeng and Dadan Rosana

portions right, right with a little wrong, right with many wrong answers or
reasons. Based on the results of the analysis of misconceptions, it is known
that 23.7% of students answered correctly, 6, 3% of students guessed the
answer, 38 % of students had misconceptions and 31.6% of students did not
understand the concept.

Keywords: Diagnostic Test, Misconception, Scientific Literacy.

Abstract

Penelitian ini bertujuan untuk mengembangkan soal diagnostic dalam mengukur
miskonsepsi mahasiswa dan mendeskripsikan profil miskonsepsi yang dialami mahasiswa
pada mata kuliah konsep sains sub bab Sistem Gerak. Penelitian ini merupakan bagian dari
langkah penelitian dan pengembangan (R & D) dalam mengembangkan soal tes diagnostic
jenis four tier yang terdiri atas tahap studi pendahuluan, tahap pengembangan dan tahap
validasi. Pada tahap pengembangan ini peneliti memberikan soal uraian terbuka kepada
mahasiswa PGSD UMK semester 3 tahun ajaran 2018/2019 kelas 3C, 3D, 3E dan 3F
untuk menemukan bentuk soal diagnostic, menemukan opsi jawaban dan opsi pilihan soal
tersebut. Instrumen yang diberikan yaitu instrument soal diagnostic berbentuk uraian.
Berdasarkan analisis data, diperoleh hasil bahwa soal bersifat valid dan reliable sehingga
dapat digunakan untuk penelitian. Proporsi jawaban yang dihasilkan yaitu ada empat
pilihan jawaban dan empat ilihan alasan dengan porsi benar, benar dengan sedikit salah,
benar dengan banyak salah dan jawaban maupun alasan salah.Berdasarkan hasil analisis
miskonsepsi, diketahui bahwa 23,7 % mahasiswa mejawab dengan benar, 6,3 % mahasiswa
menebak jawaban, 38, % mahasiswa mengalami miskonsepsi dan 31,6 % mahasiswa tidak
paham konsep.

Kata Kunci: Soal Diagnostik, Miskonsepsi, Literasi Sains.

INTRODUCTION

Education provides a large contribution to the progress of a country. The
development of a country is determined by the progress of education in that
country (Nowak 2016, 22). One of the determining factors for the success of such
education is the teacher. The teacher as the director has the task of developing
learning scenarios that direct students to think and do so that students’
competencies and potentials can develop optimally. Important competencies
students must possess include scientific literacy because this ability can influence
the way decisions are made in solving problems (Lederman et al. 2013, 138).
Scientific literacy is the ability to understand science, and implement science in
daily life that involves the ability to think at a higher level, and scientific attitudes,
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social attitudes integrated with various disciplines (Holbrook & Rannikmae
2009, 277). Science literacy is very important because it not only uses science as
knowledge but involves processes and attitudes to implement science in everyday
life. Therefore, scientific literacy is of particular concern to countries in the world,
especially members of the OECD (Economic Cooperation and Development),
including Indonesia.

However, Indonesian students have low scientific literacy achievements.
Based on the 2015 OECD (2016), it was found that Indonesia’s achievements
ranked 62 out of 72 countries with an average score of 395. Despite the increase,
the score was still concerning compared to countries in others Asia. This shows
that scientific literacy competencies need special attention. The low achievement
of scientific literacy in Indonesia is influenced by many factors, including the
readiness of students and teachers. Students are not accustomed to working
on Higher Order Thinking Skills (HOTS) which contain indicators of scientific
literacy. One reason is because the teacher only gives questions to the realm of
thinking memory and knowledge. Therefore, the teacher must familiarize students
with practicing scientific literacy skills through HOTS questions. Wulandari &
Raekha (2018, 37) argued that the habit of giving HOTS questions could prepare
Indonesian students in facing PISA literacy assessment.

Universitas Muria Kudus Primary Educational Teacher Department
(PGSD UMK) as an Educational Personnel Education Institution (LPTK), is also
responsible for elementary school teacher graduates. Therefore, the pre-service
teacher must be given provision to produce quality students with good scientific
literacy skills. The quality of a teacher is determined by many factors, including
teacher competence pedagogy. Teachers must be able to think with higher-order
thinking skills and have skills so that the scientific literacy competencies possessed
can be well-honed. But in reality, the scientific literacy ability of PGSD students
is not good. 66.2% of students are at the nominal level (Fakhriyah et al. 2017, 83).
Actually, students have been able to show a solution but only just memorized
without a more detailed explanation of that solution step.

After the initial assessment of scientific literacy skills, students are then given
textbooks based on scientific literacy so that their scientific literacy competencies
increase. Based on the readability test, the book is easy to understand (Fakhriyah
et al. 2018, 167). Thus, students are able to understand the contents of books and
carry out learning properly in accordance with scientific literacy competencies.
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Furthermore, students are given a computational thinking test to assess deeper
their scientific literacy competencies. The reason for this CT test is because CT is a
renewable literacy in the 21st century (Mohaghegh & Michael 2016,1526). CT and
scientific literacy are competencies used to solve problems. The ability of scientific
literacy can be improved through CT competence and vice versa, the ability of
CT contributes to scientific literacy (Jacob & Warschauer 2018, 3). Thus, if the
CT competency of students is good, then the achievement of students” scientific
literacy is also good. Based on the results of CT tests totaling 16 questions given,
the CT ability of students is at the stage of finding a solution and has not been
able to go to the algorithmic stage. Algorithms are one’s ability to solve problems
coherently and systematically (Wing 2006, 34). Based on these results it is known
that there are errors in the understanding of students because they understand
the solution but cannot explain in detail by involving various disciplines. To
ensure the students” misconceptions, they are given a questionnaire that contains
the response to the reasons for the misconceptions that they have and the reasons
that might be the cause for them not understanding the concept. Based on these
data, it turns out students have three categories, namely 28.6% in the category
of not understanding the concept, 33.3% in the category of missing concepts and
38.1% in the category of misconceptions (Masfuah & Fakhriyah 2019, 4). Thus,
most students experience misconceptions.

Misconception is students’ understanding of a concept that cannot be
accepted scientifically (Anam 2018, 3233). This misconception is a concept that
is understood by someone but the concept is wrong according to the theory of
experts. If left unchecked, this misconception can hinder students” achievement
(Keshavarz et al. 2017, 78).

This misconception is caused by many factors, including textbooks,
teacher factors, environment, scientific language, and students’ initial concepts
(Chrzanowski 2018, 29; Oberoi 2017, 6274; Lin et al. 2016, 2621; Schmidt 2011,
441). If the concepts received by students are not in accordance with the concepts
according to the experts, then many things happen that the students experience
missing concepts (concepts that cannot be perfectly accepted) or experience
misconceptions (Aufschnaiter & Christian 2010, 12). This misconception can
reduce student achievement. If students as prospective elementary school
teachers experience misconceptions, elementary students will not have good
performance. Therefore, diagnostic test questions are needed to measure
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students” misconceptions, where the questions contain indicators of scientific
literacy, because students may understand the concepts of science but have
difficulty understanding scientific problems. In addition to measuring the level of
understanding of student concepts, this problem also measures misconceptions
about science literacy questions.

Measurement of student misconceptions canbe done by a variety of methods,
including multiple-choice questions, concept maps, description questions and
graded questions (Gurel et al. 2015, 992; Rusilowati 2015, 4; Nurlaila et al. 2018,
43). In this study, the diagnostic questions developed are four-tier diagnostic tests
where this question is a four-level question consisting of answer choices, level of
confidence in answering, choice of reasons and level of confidence in answering
reasons. In contrast to diagnostic test in general, the development of science
literacy diagnostic tests is not necessarily made by the lecturer, but the content of
the questions, choice of answers and choice of reasons are derived from students’
thinking. Thus, the diagnostic problem is more valid in measuring student
misconceptions. Therefore, the development of this science-lined diagnostic
problem is very important because it can identify the location of misconceptions
experienced by students, lecturers can find material difficulties that are not
understood by students so that they can be used to improve subsequent learning.

METHODS

This research is part of a research and development (R&D) that aims to
develop a diagnostic test of the four-tier diagnostic test in measuring student
misconceptions. The developmental research steps undertakenare the preliminary
study stage, the development stage and the validation stage (Samsudi 2006, 74).
In the preliminary study stage based on the computational thinking (CT) test
given, it is known that the CT ability of students is at the level of the algorithm,
in fact students are able to provide answers but have not been able to explain in
detail. After that, students are given a questionnaire to find out whether students
experience misconceptions or not based on the answers to these questions. The
results of the questionnaire showed that there were three clusters of understanding
in students namely the misconception cluster, the cluster missing concept and
the cluster not understanding the concept (Masfuah & Fakhriyah 2019, 4). Based
on these results, it is diagnosed if a student experiences a misconception so
that the development of this diagnostic problem is needed. The results of the
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questionnaire also stated that students did not understand the concept of the
Motion System material, so researchers developed this diagnostic problem on
the Motion System material.

Furthermore, the diagnostic test type four-tier diagnostic test was chosen
because this type of question is able to reveal more detailed misconceptions
because each answer given has a level of confidence (Gurel et al. 2015, 1001). To
find the proportion of the four-tier diagnostic test, students are given a matter
of description to find the form of questions, choice of answers and choice of
reasons. So, the choice of answers and reasons is based on understanding and
concepts known to students.

The instrument used was an open description question that had to be
answered and accompanied by reasons given to students of PGSD UMK class
3C, 3D, 3E, and 3F in the academic year 2019/2020, amounting to 102 students.
Students must provide answers and reasons that they think are right and are
accompanied by a level of confidence in answering and reasoning, the level of
confidence that is sure (1) and not sure (0). The answers and reasons from the
students are then analyzed quantitatively and qualitatively.

The quantitative analysis aims to analyze reliability, distinguishing features
and difficulty levels of questions, and analyze misconceptions experienced by
students. While qualitative analysis is used to find the answer choices and choice
of reasons in the four-tier diagnostic tests that were developed. Misconceptions
experienced by students can be identified by the Certainty of Response Index
(CRI) technique (Hasan et al. 1999, 296). This technique helps map student
misconceptions by comparing answers with the level of confidence of the answers
(CRI scores). Categories of student CRI answers and beliefs can be seen in Table 1.

Table 1. Misconception Category Based on CRI's Answer and Confidence Level

Answered CRI Low (0) (Not sure) CRI High (1) (Sure)
Right guessing Understand the concept
False Do not understand concept Misconception
RESULTS AND DISCUSSION

The development stage of this research is part of the research and
development (R&D) consisting of a preliminary study phase, a development

Elementary, Volume 9, Nomor 1, 2021



Diagnostic Test Profile of Scientific Literacy to Measure Student’s Misconceptions.....

phase and a validation stage based on Samsudi’s theory (2006, 74). This study
aims to develop a four-tier diagnostic test diagnostic type, which consists of
four levels, namely the choice of answers, the level of confidence of the answers,
choice of reasons and the level of reasoning confidence.

The topic of material in this diagnostic problem is the Motion System
because based on the results of the questionnaire and student learning outcomes
it is known that students have difficulty with this material. These difficulties are
known based on the preliminary study stage carried out by providing CT test
questions. The results of the questions are then analyzed based on true or false
answers. Furthermore, students are given a questionnaire containing the reasons
and possible causes of misconceptions. The results of the questionnaire showed
that there were three clusters of concepts understanding in students namely
the concept understanding cluster, the cluster missing concept and the cluster
concept. Based on a questionnaire analysis, it is known that 38.1% of students
experience misconceptions (Masfuah & Fakhriyah 2019, 4).

Furthermore, at this stage of development, the researcher develops a
diagnostic test type four-tier diagnostic test because this type of question does
not only contain answers but also contains reasons and levels of confidence in
answering and reasoning so that more valid results are obtained (Suparno 2013).
The choice of answers and reasons for the problem are obtained from the answers
that are considered correct by students. Therefore, to find the answers and
reasons, at this stage of development, students are given a matter of description
and reasons on the Motion System material. The material consists of a system of
motion in low-level living things, a motion system in animals, a motion system
in plants, a motion system in humans, motion in objects, forces and effects and
Newton’s laws.

Before given the test, the researcher made a grid and the questions consisting
of 40 questions. This questions are not just an ordinary diagnostic test but a
diagnostic test of scientific literacy which contains aspect of scientific literacy,
which consists of scientific content, competencies and scientific context based
on aspects of scientific literacy from PISA (Holbrook & Rannikmae 2009, 279).
Students are free to give answers and reasons that they think are correct. The
answers and reasons are then analyzed qualitatively to find the choice of answers
and choice of reasons in the four-tier diagnostic test developed.
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The results of the answers and reasons from the students are listed,
categorized and chosen with the criteria of perfect right, right with a little wrong,
right with lots of wrong and wrong. The choice of deceptive answers given, are
categorized according to understanding errors, unit conversion errors, calculation
errors, comparability errors, formula errors, or graph/data interpretation errors.
So, the choice of answers and reasons consists of four choices consisting of one
correct choice and 3 wrong choices. The choice of answers and reasons are found
from the most answers of students. The finding answers and such reasons are
derived from students’ thoughts so that the average student will answer like that
too. Because all choices of answers and reasons come from students “minds and
understanding, it will really measure students” understanding of concepts so that
more valid results are obtained.

In addition to finding the form of this four-tier diagnostic test, this
development stage also analyzed the items to measure reliability, differentiation,
and difficulty of the questions. Based on the analysis of the items it is known that
the questions are reliable so they can be used for research. This item analysis
consists of analysis of reliability, level of difficulty and distinguishing features of
the problem. The results of the item analysis can be seen in Table 2.

Reliability analysis using the Alpha Cronbach formula, the power of
distinguishing questions by using the proportion of students who answered
right and wrong answers, the level of difficulty of the questions by comparing
the correct answers with the total score obtained. The results of the item analysis
of the questions can be seen in Table 2.

Table 2. Item Analysis Test

No Analysis Result Criteria
s t,.=0899 .

1. Reliability tht:bleg= 0193 reliabel

9item Throw
e o 19 item Fix it

2. Distinguishing Power 9 item Accept
3 item Can used
17 item Hard

3. Difficulty level 23 item Medium
0 item Easy
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Based on Table 2, there are several problems that need to be fixed. The
results of the questions and answers from the students are then consulted with
the Partner Research Team (TPM) to be given input based on the question
construction, answer construction and the reasons that have been formed.
Previously, this instrument was validated by 7 experts and obtained very valid
criteria so that it can be used for research (Masfuah et al. 2021, 687). In addition
to analyzing the items, this development stage can also measure the profile
of misconceptions experienced by students. Instruction questions given are
students must answer and reasoning accompanied by their level of confidence
in answering. If they are sure, it is worth 1, if you are not sure it is 0. Then the
answer from the student is then analyzed using the CRI technique, which is to
compare the answers and the level of confidence of reasons such as Table 1.
The profile of students” understanding is divided into understanding, guessing,
misconception and not understanding. Profile of student misconceptions in this
study can be seen in Graph 1.
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Graph 1. Profile of Student Misconceptions

Graph 1 show that 38.4% of students experienced misconceptions, 31.6%
of students did not understand the concept, 23.7% of students understood the
concept, while 6.3% of students guessed the answer. The student misconception
profile was obtained based on 40 description questions accompanied by a level of
confidence in answering physics and biology material questions. This question
is divided according to the topic of the material so that it is easy to detect any
misconceptions (Fakhriyah & Masfuah 2021, 5). Based on these data, the level of
student misconceptions is greater than students who understand the concept. The
biggest misconception experienced by students lies in the aspects of knowledge
and the context of science (Udompong & Suwimon 2014, 5091). That happened
because the scientific background of PGSD students came from various majors.
Based on the results of the questionnaire, the majority of students came from
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social majors. There are also students who come from vocational schools, and
a few who come from majors (Fakhriyah et al. 2017, 84). Based on previous
research, students’ scientific literacy is at the nominal level (Fakhriyah et al. 2017,
83). The student’s scientific literacy achievements are in sync with the results of
diagnostic tests conducted. Thus, the cause of the low achievement of students’
scientific literacy is due to their misconceptions. Even though 43% are at level 5
in complex arguments, i.e. able to argue with more than one rebuttal (Fakhriyah
& Masfuah 2021, 4).

In addition, science is one of the subjects that students dislike because science
involves abstract concepts, must use logic and calculations to understand them,
using various scientific terms and mathematical formulas. The use of scientific
language can cause student misconceptions (Chrzanowski et al. 2018, 29).

The results also showed that only 23.7% of students understood the concept.
These results will be evaluated by lecturers to improve further learning. The
results of the student misconception profile in Graph 1 are calculated globally,
while the profile of student misconceptions based on physics and biology question
categories can be seen in Graph 2.
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Graph 2. Profile of Student Misconceptions on Motion System Material

Graph 2 shows that there are more misconceptions about physics matter
than biology misconceptions. That is because physics matter involves abstract
concepts, imagination, the law of causes and effects of the phenomenon in the
universe. They must use logic and analogies to understand concepts. Abstract
concepts can be understood through incur learning and balancing aspects of
knowledge and processes in learning so as to remind students of scientific literacy
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(Lederman et al. 2013, 144).

In addition to abstract concepts, physics material involves a lot of
mathematical formulation, calculations, use of formulas, comparisons that
require students to use logic more and think more complex when compared to
biology material. Calculations, formulas, graphs and mathematical concepts are
closely related to physics. That is the difficulty of students in learning physics.
Research conducted by Kapasa et al (2015, 145) and Mulwa (2015, 27) found that
many students had basic mathematical abilities that were lacking.

The level of understanding of students in biology material is also better than
their understanding of physics material. That is because biology learns about
plants, animals, and humans that are commonly found in daily life, closer to them,
as if studying themselves. In this problem, the material discussed is motion. When
compared to motion in physics, motion in biology is easier to understand because
they are analogous to one self. Besides that, the material is more concrete so that
students can understand it more easily. The use of concrete media in learning will
make learning more effective (Rusiman & Norziha 2017, 2174)

To get a profile of the misconceptions experienced in biology material,
researchers examined the results based on the sub-material being tested, namely
motion in low-level living things, motion in plants, motion in animals and motion
in humans. Profile of misconceptions of biology material can be seen in Graph 3.
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Graph 3. Profile of Biology Misconceptions
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Graph 3 shows that the highest level of misconception experienced by
students is in the sub-material of motion in low-level living things, namely 51.6%,
31% do not understand the concept, 15.9% are able to understand the concept
and 1.6% guess the answer. The movements in low-level organism creatures that
were tested included movements in Eubacteria, Archaebacteria, Protista, and
Fungi. Before students identify about motion, they must first classify these living
things into which kingdom. Difficulties in this classification can cause student
misconceptions. Yangin et al. (2014, 105) analyzed that the classification of living
things contributed to misconceptions.

Motion in low-level organism creatures is difficult to understand because it
cannot be seen directly. In understanding the material, students must use logic
and imagination because the concept of motion is abstract. The explanation of the
material must be through laboratory activities. However, the science laboratory
owned by the study program is only a laboratory for the production of science
media and the intensity of the laboratory is smaller because of the limitations of
the lab. In fact, Duban et al. (2019, 772) argued that laboratory and open-ended
activities would make them more active in learning and solving problems.
Teaching activities by way of practice and visual material can facilitate students
in learning biology (Cimer 2012, 61).

The second material is about motion in plants. As many as 45.1% were able
to understand the concept well, 3.9% guessed the answer, 24.5% experienced
misconceptions and 26.5 did not understand the concept. Although there are
students who experience misconceptions, 45.1% are able to understand the concept.
This happens because the concept of motion in plants can still be identified and
analyzed even though the process is difficult to experience directly. In this concept,
students are able to analyze the motion in plants through the phenomena they
encounter in daily life. For example, the motion of tropism can be seen from the
direction of the window-moving plants that move towards the sun, the motion of
nasti can be seen from the embarrased princess who is easily found. This material
is not too complex, as long as students are able to analyze the concepts of motion
and existing phenomena, they are able to understand this material.

The next sub material is the concept of motion in animals. At this material
38.2% of students experienced misconceptions, 16% did not understand the
concept, 9.8% guessed the answer and 36% were able to understand the concept
well. The material of thisanimal movementalso causes misconceptions. Thompson
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& Logue (2006, 554) based on the results of their research explained that students
assume animals are multicellular organisms that can move independently so that
mammals and vertebrates are animals while invertebrates are not animals.

Based on Graph 3, the comparison of students who understand the concept
with students who experience misconceptions is almost the same. The motion
system of this material in the category is still simple because it only identifies
the means of motion in the animal, but students must be able to analyze parts of
the vertebrate and invertebrate animal motion systems. If they only identify the
type of motion tool, they are able to answer well, but if they have to analyze the
parts of the motion device and the process, they have difficulty and experience
misconceptions. For example, the way Asteroida moves. They were able to
mention if Asteroids was able to move with the ambulacral system, but they
were not able to analyze the ambulacral foot process so that it was able to inflate
and deflate and other functions. They assume that the material has nothing to
do with his life so it is considered not important. In addition, explanations and
the process of moving in invertebrate animals involve abstract concepts that are
difficult to understand. Etobro & Fabinu (2017, 145) explained that abstract and
complex concepts will cause misconceptions on biological material.

Furthermore, in the sub-chapter of the concept of motion in humans, 39.9%
of students were able to understand the concept well, 7.4% guessed the answers,
26.2% experienced misconceptions and 26.5% were unable to understand the
concept. Although 26.2% of students experienced misconceptions, 39.9% of
students were able to understand the concept well. That is because they seem to
see themselves in understanding this material. This concept is concrete, they can
feel, they can analyze without having to imagine. Learning science that is not real
will make students difficult to study science, on the contrary, concrete material
and its relationship with daily life can make it easier for students to learn science
concepts (Osuolale 2015, 115)

At this material, the misconceptions experienced by students are related
to the implementation of the concept of motion in daily life, for example, the
use of steroids in body builder athletes to accelerate muscle mass enlargement.
Students must be able to analyze and evaluate activities that are able to maintain
our motion systems properly, take wise steps without having to use instant
methods that are at high risk to get their desires. The next material is the process
of osteoporosis. If they only answer the factors that cause osteoporosis, they are
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able to answer well, but if asked to analyze how the process occurs until the bone
is porous, they are difficult to answer.

The given physics material is Irregular Rectilinear Motion (RM), Accelerated
Linear Motion (ALM), Circular Motion (CM), Projectile Motion (PM), and
Newton’s Law (NL). Profile of student misconceptions on physics material can
be seen in Graph 4.
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Graph 4. Profile of Physics Misconceptions

Graph 4 shows that misconceptions on the material of rectilinear motion by
38.7%, understanding concepts by 21.6%, guessing by 2.5%, while those who do
not understand concepts by 37.3%. In the concept of rectilinear motion, students
experience a misconception in the concept of distance and displacement because
it involves a vector, while students ignore the displacement vector. Students
also wrongly analyzed between average velocity and instantaneous velocity on
the application of the motion. Many students experience misconceptions about
the concept of kinematics because students have difficulty defining the concepts
of displacement, distance, velocity the concept of 0 on the graph (Motlhabane
2016, 439).

At the concept of uniformly accelerated linear motion, 47.1% of students
experience misconceptions, 50.5% do not understand the concept, understand
the concept by 2% while guessing by 0.5%. Misconceptions experienced in this
material are misinterpretations of the velocity and acceleration experienced by
the same two objects and the interpretation of velocity and acceleration in the
interpretation of graphs in motion with deceleration, the concept of vertical
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upward motion, and how to find the two objects meet with differences in
speed through a graph. Interpretation of graphs and diagrams is the factor that
contributes the most to this misconception. Many students argue that if two
objects have the same velocity then objects have the same acceleration, many
students do not understand the negative acceleration (Liu & Ning 2016, 24).

It is in the concept of circular motion that the biggest misconception
experienced by students is 48 %, both rectilinear motion and uniformly accelerated
rectilinear motion. The material is difficult to understand because the acceleration
and force experienced in objects that move in a circle are different from objects
that move in a straight line. In this material, the misconceptions are the concept
of equilibrium of the circular motion force in the game of devil casks, factors
that cause the devil cask players to be able to move in a circle without falling,
centripetal force and centrifugal force in everyday life, the concept of circular
motion in roller coaster games. This material experiences a lot of misconceptions
because the concept of circular motion must take into account the magnitude
of the radians, centripetal velocity as well as centripetal acceleration and force
direction. This is in accordance with research conducted by (Danika et al. 2017,
295) which found that there was a misconception in the material concept of
rotational motion because they ignored the position vector in answering and
assumed the same between rotational motion and translational motion). In this
concept, they also have to take into account the rules of sine, cosines, and tangent
because it involves motion with radians coordinates. Many students ignore the
acceleration of an object when the object has a different velocity direction (Liu &
Ning 2016, 24). Difficulties in computation and comparability also contribute to
the misconceptions experienced by students in this material.

In parabolic motion material, 35.8 % of students experienced misconceptions,
18.6% did not understand concepts, 32.8 % understood conceptsand 12.7 % guessed
answers. The misconceptions experienced by students on this material are the
concept of motion on the vertical point and horizontal path. Students wrongly
analyze the speed that moves on the X-axis and the large speed that moves on
the Y-axis causing the object to fall at its highest position. They understand that
gravity is the only reason why objects fall/move down, without looking at the
velocity vector of each direction. In addition, students do not take into account
the influence of the elevation angle on this motion. Because students experience a
lot of misconceptions, there is RM and ARM material on both straight and circular
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paths, it also contributes to the material of parabolic motion. So, the initial concept
received by students contributes to the formation of the next material concept, so
that if the student’s previous material experiences misconceptions, then in this
material they also experience misconceptions (Aufschnaiter & Christian 2010,
279). Therefore, the magnitude of misconceptions experienced by students on
this material is also quite large. In addition, this material involves translational
and rotational motion, including free-fall at the highest point. Students have not
been able to analyze this concept of motion on the X-axis and Y-axis therefore
they assume that when at the highest point, object have no speed and are only
influenced by the force of gravity, without taking into account the speed on the
X-axis. Montecinos (2014, 6) gets the results that students understand about the
concept of free fall motion but they do not understand the magnitude of the
acceleration and influence of forces at each of these motion points.

In this force concept, 35% of students experience misconceptions, 39.2%
do not understand the concept, 12.7% understand the concept, while 13% guess
the answer. In this material, students had misconceptions about the concepts of
mass and weight, the application of frictional forces to objects, the influence of
forces on objects, the principle of equilibrium forces, the principle of forces that
cause acceleration, the application of forces on a system. Unit conversion errors,
the mathematical formulation of questions into the form of formulas, image
interpretation, comparative formulas, and calculation errors become factors that
contribute to the misconceptions experienced by students. Some misconceptions
experienced by students on force material according to research from Fadaei
& Cesar (2015, 43) are factors that will determine motion, forces acting on
objects must cause objects to move, forces will cause acceleration, gravitational
acceleration is influenced by mass and obstacles air.

The last sub material tested is Newton’s Law. In this material 38.6% of
students experienced misconceptions, 41% did not understand the concept,
13.9% of students were able to understand this concept and 6.5% of students
guessed the answers. Errors in Newton’s law include if the net force acting on
an object is zero, then the object will be stationary, but if the total force acting
is not equal to zero, then the object will move constantly. This is consistent
with the results of the research (Smith & Banilower 2006, 11). Newton’s Law
Material II made the biggest contribution to the misconceptions experienced by
students. That happens because, in the concept of RM, ARM and force, students
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have experienced a conception. The initial concept of the student contributes to
the formation of the next concept. If students have experienced misconceptions
about prerequisite material, the next material will also experience misconceptions
(Anam 2018, 3326).

CONCLUSION

Based on data analysis and discussion, it is known that the four-tier
diagnostic test developed to consist of four answer choices, the level of confidence
in answering, four choices of reasons and the level of confidence of the reasons
obtained from the results of student answers based on open-ended questions.
The question is analyzed by the item to get a valid problem. Based on the analysis
of misconceptions by the CRI method, obtained the profile of misconceptions
experienced by students on the material of the motion system that is known that
23.7% of students answered correctly, 6.3% of students guessed the answer, 38.%
of students experienced misconceptions and 31.6 % of students did not understand
the concept. Students experience many misconceptions about physics material,

rather than biology material, especially in the sub-circular motion material.
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