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Diagnostic Test; Causes of This study aims to evaluate the profile of students'
Misconception; Simple misconceptions and their causes when learning simple
Harmonic Motion harmonic motion. Five tier multiple choice diagnostic test

with 20 questions has been for determination of the
misconceptions and their causes. The descriptive method
with gquantitative approach was used in this exploration.
There were 177 high school pupils in the sample data
collection for this study. This study used the following
sample was a purposive sample, that is high level and low
level schools based on the average physics exam scores
obtained from physics teachers at the high school level.
Overall, students' concept getting to know simple harmonic
motion material falls into the low category. The greatest
concept understanding is found in high-level schools.
Students' misconceptions in physics lessons based on
simple material on harmonic motion overall fall into the
medium category. The largest misunderstanding occur in
high-level schools. Students’ misconceptions in learning
physics on simple harmonic motion material as a whole
fall into the medium category. The biggest misconceptions
occur in high-level schools. Where the highest
misconceptions are highest in the concept of deviation,
velocity and acceleration of simple harmonic motion. The
more dominant cause of misunderstanding at both school
levels is students' personal thoughts, followed by teachers,
the internet, books, and friends.

INTRODUCTION

Physics is one of the scientific fields that play an important role in developing science and technology
[1] [2]. Physics is the study of natural phenomenology and cannot be separated from observation and
experimentation [2] [3]. Physics basically aims to study and analyse quantifiable understanding of
natural phenomena or processes and the nature of substances and their applications. Therefore, physics
is closely related to nature so that in studying it, facts, concepts, principles, laws, theories and models
that have been formulated by scientists based on their research results from nature are needed [4].
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Physics learning at school according to Sari & Mufit [5] is an effort to offer knowledge and abilities to
add to the insights that students already know. Purpose of the study of physics at school is that
students are be able to cope with the concepts, policies and have the skills to be a leader in the
development of knowledge [1] [6]. In this context, according to Setiawati & Jatmiko [7] the goal of
physics learning is to develop students' ability to reason in analytical thinking, using physical concepts
and principles to explain events in everyday life and to solve problems both qualitatively and
guantitatively. Achieving this goal requires a good understanding and correct application of the
student's concepts.. Understanding the concept is the main goal in physics learning [8]. Concept
understanding is the capacity for understanding facts that exist around and compare with scientific
concepts. Koniceck-Moran and Keeley asserted that when learners are able to apply a concept in
different situations, use your own words to describe or define it, create a concept model or identify an
effective analogy for the concept [9]. Good concept understanding can support physics problem
solving [10].

Students' concept understanding is the result of various factors, including is preconceptions or
students' first thoughts obtained from the event in the daily environment and the natural events or
symptoms that learners witness [11]. In addition, students also gain an understanding of the concept
through classroom learning. Learners will be able to build a concept after the learning through the
expression of fundamentals you receive learning with the help their initial hypotheses. Students will
then synthesise these concepts to understand [5]. For development purposes a mindset to learn physics
requires physics concepts that have been embedded in the minds of students. Therefore, the concepts
embedded in the minds of learners must be scientifically correct or in other word not misconceptions.

Misconceptions according to Foisy et al [12], is a person's spontaneous scheme of a thought or an idea
that is inconsistent with scientific knowledge. When the initial concept that pupils have does not
correspond to the concepts of the experts who have guaranteed validity, then in this case students
experience misconceptions [8] [13] [14] [15] [16] [17]. Students' misconceptions about physics
learning affect their subsequent physics learning [18].

Misconceptions according to Sands [10] and Fajari & Chumdari [19], is due to students' low
understandings of the concept. The weak understandings of the concepts are the result of the learning
process carried out by the teachers, like teacher centred learning, and the pupils are not involved in
finding the contents [19] [20] [21]. Misconceptions that are common in the students, must be detected
in order to provide remedial action so that they do not continue and interfere with students'
understanding in the next stage of learning [16] [18] [22]. In addition, the causes of misconceptions
must also be determined in order to find workable solutions for continued physics education. The use
of diagnostic tests can help to identify misconceptions and their causes [15] [23].

A diagnostic test is a tool that can be used to determine the following and identify pupils’
understanding of concepts in a particular lesson [16] [24] [25]. Using concept maps, concepts
interviews and other diagnostic tests, you can also find out about learners' misconceptions [26].
Among the three ways, diagnostic testing is a more efficient way to identify misconceptions better
than interviewing [16] [27] [28]. Nevertheless, multiple-choice still has weaknesses for example, the
answers to questions can be assumed by the student who has no need to understand the topic of the
question.

Overcoming of these difficulties, multiple choice tests were developed as a multi-level system tests
ranging from one tiered, two tiered, three tiered, four tiered, and more recent developments five tiered
tests [29]. The five levels diagnostic the test is an evolution of the four leve diagnostic test in which
the fifth level adds a level in the form information sources answers questions and concerns [15]. The
development of instruments to determine Student misconceptions about simple harmonic motion
material use of a four-step diagnostics tool has been carried out by previous researchers, namely
Guswina & Mufit [30]. Based on the problems that were found, this research the goal of the plane
analysis of understanding concepts and that causes of student misconceptions in Simple Harmonic
Motion.

p-ISSN: 2477-5959 | e-ISSN: 2477-8451 465



Concept Understanding and Causes of Student Misconceptions on Simple Harmonic Motion
Fatni Mufit, Khofifah Karzah

METHOD

Descriptive exploration with a quantitative approach is research carrsting symptoms, planning the
approach, and collecting data in the form of numbers as material for making reports. The methodology
used in this study is survey based, where information from respondents is collected using
questionnaires. The sample used was 118 students from high level school and 59 students from low
level school. Where determination of high level and low level schools was carried out using a
purposive sampling technique by looking at the semester exam scores of class X students on
harmonious vibration material in each school. So that we get a school with a high level, namely SMA
Negeri 1 Lubuk Sikaping and a school with a low level, namely SMA Negeri 1 Dua Koto. The sample
used was class XI students from the science department. Where previously they had studied
harmonious vibration material in class X. The total sample used from both schools was 177 students.
The instrument used in this research is a five tier multiple choice instrument which refers to indicators
of competency achievement in the material. The instrument used is also equipped with question-taking
instructions which provide things that can and cannot be done while working on the questions. The
number of questions used was 20 questions where all the questions had been tested for validity,
reliability, level of difficulty and differential power. After the trials were carried out, a validity value
of 0.82 was obtained, a reliability value of 0.84, so it can be concluded that this five tier multiple
choice instrument can be used. The following is an example of a question used in the five tier multiple
choice instrument.

Table 1. Five-tier multiple choice instrument

Tier Question

1 Look at the image below.

/!
e/ )

&
e

A stone is tied to a string of mass m. If the stone is in position B, the speed of the stone is.....
A. Minimum

B. Maximum

C. Same at every point

D. Same as point A

E. Same as point C

2 Confidence in your answer:
1) Certain
2) Uncertain

3 Reason for your answer:
A. The speed of an object is minimum at the equilibrium position
B. The object's speed is maximum at the farthest point
C. The maximum speed of an object at the equilibrium position
D. The speed of an object is the same at all points
E. The speed of an object does not depend on the position of the object

4 Confidence reasons for your answer:
1) Sure
2) Not Sure
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Tier Question

5 Sources used to answer your questions and reasons:
A. Teacher
B. Book
C. Personal thought
D. Friend
E. Internet
F.

A five level multiple-choice diagnostic test instrument can be in use to see students' misconceptions
regarding simple harmonic motion. Validity, reliability, discrimination and difficulty index of this
instrument have been tested. Construct validity results study show that all the following questions are
valid. The instrument can be said to be reliable and usable because the instrument reliability test
results are in the high category. Results of test the validity of instrument are in the range of 0.43 to
0.71 in the moderate to high category. The reliability test results for tier-1 and tier-111 are in the very
high category, namely 0.90 and 0.84, so they are suitable to be used to evaluate students'
understanding the concepts and the causes of the misunderstandings. After using a diagnostic test
instrument with five multiple choice levels, student response data was collected. The data was then
processed and analyzed with the help of the table.

Tier/ TierZ TierIl TierlV Tier V Conceptual level
Book MC-B
Teacher MC-T
0 Y 0 Y Personal thoughts MC-PT
Other people’s explanation MC-OPE
Intemet MC-I
Book SU-B
Teacher SU-T
1 Y 1 Y Personal thoughts SU-PT
Other people’s explanation SU-OPE
Intemet SU-I
1 Y 1 Y
1 TY 1 Y
1 TY 1 TY
1 ¥ 0 Y Book PU-B
1 Y 0 Y Teacher PU-T
1 Y 0 ¥ Personal thoughts PU-PT
1 Y 0 TY Other people’s explanation PU-OPE
0 ' 1 Y Intemet PU-I
0 Y 1 TY
0 TY 1 Y
0 TY 1 X
Book NU-B
0 Y 0 Y Teacher NU-T
0 TY 0 Y Personal thoughts NU-PT
0 Y 0 Y Other people’s explanation NU-OPE
Intemet NU-I
There are levels that are not answered or answer more than one option uc

available

Fig 1. Categories of conceptual understanding of students on the five tier diagnostic test instrument
[31]

Information:

Misconception (MC), Understand The Concept (UTC), Partial Understanding (PU), No Understanding
(NU), Un Coded (UC). from the Book (B), Teacher (T), Personal Thoughts (PT), Other People’s
Explanation (OPE), Internet (I); 1= Right answer; 0= Answer is wrong; Y=Certain; TY=Uncertain.

Students' answers that are correct on all question tiers and are confident in their answers are
categorized as understanding the concept. Students' answers that are incorrect on all question tiers and
are confident in their answers are categorized as misconceptions. Students' answers that are incorrect
on tiers 1 and 3 and students who are confident and/or unsure on tiers 2 and 4 are categorized as not
understanding the concept. Students' answers that are correct on one of the tiers, either tier 1 or tier 3
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or on both tiers and students who are confident and/or unsure on tiers 2 and 4 are categorized as
partially understanding. While tier 5 is used to analyze the sources of misconceptions experienced by
students.

At this point in time, data analysis is performed in percentage form determination of the percentage of
students who have concept understand, partially understand it, don’t understanding concept,
misconceptions, and cannot be coded. It can be processed using the formula:

P == x 100% 1)

P = Respondents’ percentages (concept understanding and not understanding the concept,
misunderstanding, partial understand, and cannot be coded)

f = Frequency of respondents’ responses (number of respondents who understand the concept, do
not understand the concept, have misconceptions, partial understanding, and cannot be coded)

N = Number of participants

RESULTS AND DISCUSSIONS

The information obtained using the results of the five tier multiple-choice diagnostic test was analyzed
in accordance with the researcher's objectives, namely analyzing about of conceptual understanding
and the causes of the misconceptions of the students in learning physics on simple harmonic material
at Senior High School. The misconception profile was maintained after grouping pupils' understanding
of the concept based on the categories in table 2, namely tier-1 to tier-4. Meanwhile, the causes of
misconceptions are analyzed based on tier-5.

Student Misconceptions Profile in Learning Physics Material on Simple Harmonic Motion

Student misconception profiles are displayed in the categories of Understand The Concepts (UTC),
partially understand (PU), not understand the concept (NU), misconception (MC), and un coded (UC)
for every item. The frequency and percentage of student understanding of each validated indicator in 2
high and low level senior high schools shown in Table 2 below.

Table 2. Mean Percentage of Pupils' Level of Understanding

No Question Indicator UTC (%) PU (%) NU(%) MC (%) UN (%)
1 Underst_andlng concept of simple 226 26 13 336 48
harmonic motion
Analyze the simple harmonic motion
2 of the pendulum 7,78 36,72 19,9 31,42 4,16
3 Analy_zmg simple harmonic motion 5,37 2935 2357 3547 6,17
in springs
Analyze potential energy, kinetic
4 energy and mechanical energy 3,65 24,3 21,85 438 6,32
Analyzing deviation, speed and
5 acceleration of simple harmonic 12,05 16,7 26 45,75 45
motion
Analyze the relationship between
6  deviation, potential energy, kinetic 3,4 39,53 23,7 29 4.3

energy and mechanical energy

The concept of harmonic vibrations in springs is presented by 4 questions, namely questions number
4, 8, 9 and 16. The indicator for question number 4 is comparing the increase in length of two springs.
The level of thinking ability in question number 4 is C5. The indicator for question number 8 is
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analyzing the direction of the force acting on the spring with a level of thinking ability at C4. The
indicator for question number 9 is analyzing discourse regarding events that experience harmonic
motion events to determine the total constant value. The indicator for question number 16 is analyzing
the relationship between deviation and angular frequency, vibration frequency, and spring period with
a thinking ability level of C4.

Students experience misconceptions on all the questions proven. In simple harmonic motion, the most
common misconceptions among students were 101 out of 177 samples related to the concepts of
potential energy, kinetic energy, and mechanical energy. Based on Table 2 above, we see that the
average percentage of students who experience the most misunderstandings is in the concepts of
deviation, speed and acceleration in simple harmonic motion, namely 45.75%. Meanwhile, average
percentage of Student experience least misunderstanding was in the concept of the relationship among
deviation and potential energy, kinetic energy and mechanical energy, hamely 29%.

Simple Harmonic Motion

The concept of a simple harmonic motion in this five tier multiple-choice test diagnostic instrument is
composed of 2 questions, namely item 1 and item 2. The following are the percentage results of
students' concept understanding in SHS H and SHS L on the concept of simple harmonic motion.

40%

30%

20%

10%

0% ¥

Sound Partial No Misconception Uncoded
Understanding Understanding Understanding

Fig 2. Percentage results of students' concept understanding in SHS H and SHS L on the concept of
simple harmonic motion

Based on Figure 2 above, students' conceptual understanding at SHS L is higher than at SHS H, where
SHS H has a concept understanding percent of 22.5% while SHS L is 22.9%. The percentage of
students' misconceptions at SHS H is higher, namely 36.8% compared to SHS L with a percentage of
misconceptions of 27.1%. Apart from understanding concepts and misconceptions, students also have
understand partially of concepts, do not understand concepts, and cannot be coded. Examples of
student responses to the concept of simple harmonic motion can be on view in Figures 3 to 7 below.
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Fig 3. Student responses that un coded Fig 4. Responses from students who are
experiencing misconceptions
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Fig 7. Responses from students who partially understand the concept

From Figure 3 shows that the student has an respons that cannot be coded. This is caused by
incomplete answers from students, these students leave blank answers in Level 2 and Level 5. Figure 4
shows the answers of students who experience misconceptions which can be seen from the students'
wrong answers and feeling confident about the wrong answers. Figure 5 shows examples of answers
by students who do not understand the concept of the lesson. This can be seen from students' incorrect
answers in tiers 1 and 3. Figure 6 shows examples of answers from students who understand the
concept. This can be seen from students' correct answers in tiers 1 and 3 and students feel confident in
these answers. Next, Figure 7 shows examples of answers from students who partially understand the
concept. The students' incorrect answers in Tier 1 prove this and correct in tier 3.

Reasons for misunderstanding in learning physics in Simple Harmonic Motion

Identify the reasons of student misunderstand from Tier 5, where the highest causes of
misunderstanding are in the pupils' personal thoughts. Average causes of pupils' misconceptions are
shown in the following Figure 8 below.

82.6

90%
80%
70%
60%
50%
40%
30%

11

20% 13 4.6 1 -
10% - sy & = =
0% T T T T T
Personal Teacher Book Internet Other Other
Thoughts Personal
Explanation

Fig 8. Causes of Misconceptions in Simple Harmonic Motion
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It can be concluded from Figure 8 above that the highest reasons of misconceptions is personal
reflections, namely 82.6%. The second reasons of misunderstanding is teachers, namely 11%.

The biggest cause of misconceptions is the personal thoughts of the pupilts themselves [5] [32]. When
learning students assume that one concept is always the same as another concept, this is the source of
misconceptions that arise from personal thinking. Students consider terms in everyday life to be the
same as terms found in learning [19].

The next cause of misconceptions is teachers. According to research by Fajari & Chumdari [19] and
Mufit et al [33], learning methods that focus on teachers are the cause of the misunderstandings and
students experience difficulties in the understanding of physics learning. Students receive only
concepts and information by the teacher's explanations, and pupils become passive in the process,
unable to create physics ideas based on their own experience. Teacher-centered learning also focuses
students on memorizing formulas and failing to understand basic concepts Apart from that, students'
misconceptions can also be caused by teachers who do not master the concepts correctly. Teachers
experience misconceptions about many concepts in science learning [19]. Inappropriate learning
models and learning methods used by teachers can give rise to misconceptions in students.

CONCLUSION AND SUGGESTION

The findings of this research suggest that students' overall conceptual understandings are low.
Meanwhile, students' misconceptions about learning physics regarding simple harmonic motion are
overall categorized as moderate. Where the biggest misconception is in schools with a high level,
namely 36.5%. The highest misconception of high school students at higher level is in the concept of
deviation, speed and acceleration of simple harmonic motion, namely 48.3%. The highest
misconception at low level SHS is about simple harmonic motion in springs, namely 41.95%.

Students' misconceptions come from personal thoughts, teachers, friends, books, and the Internet. The
most dominant cause of misconceptions at both school levels is students' personal thoughts, followed
by teachers, the internet, books and friends. The research shows that misconceptions occur among
students at all levels of schooling, and that most are caused by students' personal thoughts.

Students' personal thoughts are the cause of more dominant misconceptions at both school levels.
Therefore, teachers are advised to re-examine students' initial perceptions by designing appropriate
learning to overcome low conceptual understanding and correct misconceptions. One model that can
overcome misconceptions and low concepts understanding is a conflict cognitive based learning
model.
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