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Abstract: The research aims to analyze students' conceptual understanding of Newton's Law material by
utilizing isomorphic tests. This quantitative descriptive research involved 30 male and 40 female respondents
from class X MIPA of a private high school in Malang. Data was collected by survey method using a test
consisting of 6 description questions adapted from the FCI instrument. The test, which consists of two groups
of isomorphic items, has an inter-rater Cohen's kappa test reliability of 0.730 with a standard error of 0.059.
Data analysis was carried out in a quantitative descriptive manner. Research found that students’
understanding of concepts is very low. The highest score is given to students who understand the concept
quite well. The category is based on isomorphic grouping. Students have difficulty in the implementation of
Newton's Law Il and Newton's Law III. Students' concept understanding is in the category of moderately
understanding the concept. The difficulty experienced by students in the first indicator is that they cannot
distinguish between the acceleration and speed of an object and assume that mass can affect the acceleration.
In the second indicator, students explained that mass affects the interaction of forces.
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Eksplorasi Kesulitan Siswa SMA pada Materi Hukum Newton dengan Tes
Isomorfik

Abstrak: Penelitian bertujuan menganalisis pemahaman konsep siswa pada materi Hukum Newton dengan
memanfaatkan tes isomorfik. Penelitian deskriptif kuantitatif ini melibatkan responden berjumlah 30 laki-
laki dan 40 perempuan yang berasal dari kelas X MIPA SMA swasta di Malang. Pengumpulan data dilakukan
dengan metode survei menggunakan sebuah tes yang terdiri dari 6 soal uraian diadaptasi dari instrumen FCI.
Tes yang terdiri dari dua kelompok butir isomorfik ini memiliki reliabilitas inter raters cohen’s kappa tes
sebesar 0,730 dengan standar error 0,059. Analisis data dilakukan dengan deskriptif kuantitatif. Penelitian
menemukan bahwa pemahaman konsep siswa terbilang sangat rendah. Skor tertinggi dimilki siswa yang
berada pada kategori cukup memahami konsep. Kategori tersebut berdasarkan pengelompokan siomorfis.
Siswa mengalami kesulitan pada implementasi Hukum II Newton dan Hukum III Newton. pemahaman
konsep siswa berada pada kategori cukup memahami konsep. Kesulitan yang dialami siswa pada indikator
pertama adalah tidak bisa membedakan percepatan dan kecepatan suatu benda dan beranggapan bahwa massa
dapat mempengaruhi perecpatan. Pada indikator kedua, siswa menjelaskan bahwa massa mempengaruhi
interaksi gaya.

Kata kunci: FCI, hukum Newton, pemahaman konsep, SMA, tes isomorfik
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INTRODUCTION

Newton's laws are important material for students to understand because they are one of
the fundamental laws in physics. However, some students still have difficulty applying the
basic concepts of Newton's law (Fadlli et al., 2019; Parno et al., 2021; Taqwa et al., 2020).
A common difficulty for students when working on physics is formulating mathematical
formulas related to Newton's laws, for example, calculating forces and understanding the
relationship between mass, acceleration, and force (Erfan & Ratu, 2018; Isra & Mufit,
2023; Rusilowati et al., 2021; Saregar et al., 2020; Setyani et al., 2017). Moreover, students
often memorize equations without understanding the meaning of the memorized equations
more deeply (Januarifin et al., 2018). The habit of students memorizing mathematical
equations without understanding the conceptual meaning is the result of conventional
learning methods that are still applied by some educators (Alias & Ibrahim, 2017; Low et
al., 2023; Lutz et al., 2017). Research conducted by Serhane et al. (2020) and Mansyur et
al. (2020) explains that students experience failure in understanding the context of
Newton's Law III, where students misunderstand the reciprocal nature of action-reaction
forces. In addition, students also have difficulty applying Newton's legal concepts to real
situations because students have a different initial understanding (naive) of the scientific
concepts of Newton's law (Burkholder, 2024; Erfan & Ratu, 2018; Fadaei & Mora, 2015;
Lutz et al., 2017; Serhane et al., 2020; Sudiarta, 2020).

Research on the identification of students' difficulties in Newton's Law material has
been carried out by many other researchers (Als Mustofa et al., 2024; Cashata et al., 2022;
Farihah & Wildani, 2018; Serhane et al., 2020; Sitepu & Yakob, 2019). One of the efforts
that can be used to find out students' difficulties as early as possible is to use diagnostic
tests (Bawamenewi et al., 2024; Juita et al., 2023; Permana et al., 2022; Putri et al., 2024;
Subali et al., 2022) and instruments that have been developed by previous researchers
(Cashata et al., 2022; Hestenes et al., 1992; Hestenes & Wells, 1992; Nadhiif et al., 2015;
Thornton & Sokoloff, 1998). On the other hand, the use of multiple tiers in diagnostic tests
of concept understanding has been criticized by some researchers. Using a six-tier
diagnostic test involving several steps in one question requires a lot of time, so it is
considered inefficient. Alternatively, researchers began to use isomorphic tests to examine
students' understanding of concepts including physics concepts, such as Newton's Law.

Isomorphic test instruments have long been developed and studied by previous
researchers, both on isomorphic with two question items (Bassok & Holyoak, 1989; Lin &
Singh, 2011; Madhyastha & Hunt, 2009) and isomorphic with three question items (Alatas
et al., 2021; Ding & Beichner, 2009; Nguyen & Rebello, 2011; Nieminen et al., 2010;
Suganda et al., 2020). Both isomorphic types can be used to identify student
misconceptions. However, the most effective isomorphic method used to detect
misconceptions is to use 3 question items (Nadhiif et al., 2015). Research conducted in
Indonesia to identify students' conceptual understanding of Newton's law material using
isomorphic problems can be quite rare, most researchers use multiple-tier instruments. This
is based on the results of a review on the Google Scholar page.

The research conducted by Alatas et al. (2021) discusses the success of identifying
misconceptions among junior high school students with 90 respondents on the topic of
Newton's law using isomorphic test instruments. The results of this study show that
misconceptions experienced by students and the use of isomorphic tests can easily produce
accurate data about dominant and recessive students. In line with that, a study on the
correlation between the use of isomorphic, open-ended, and conventional instruments
conducted by Suganda et al. (2020) concluded that isomorphic instruments are more
beneficial than the other two instruments.
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Based on the description that has been described, this study uses an isomorphic test
instrument to identify students' difficulties. This study chose to use isomorphic instruments
because, in previous research, isomorphic tests were only used to investigate the
misconceptions of junior high school students on Newton's Law material. However, this
isomorphic test has not been widely used in the assessment of Newton's Law or physics at
the high school level. The most important aspect of this study is to identify students'
understanding of concepts quickly and appropriately using instruments that can explore
students' understanding of concepts. In addition to the use of isomorphic instruments which
are rarely used in physics assessments, this research also offers new colors in isomorphic
instruments. Isomorphic instruments that generally use multiple-choice tests are modified
into descriptive tests. This up-to-date makes isomorphic researchers more consistent in
identifying the problems experienced by students because they are equipped with
additional explanations from students that vary. Therefore, the purpose of this study is to
use isomorphic tests to explore students' difficulties in understanding the concept of
Newton's Law. The isomorphic test used is a modification of the previous instrument,
namely the Force Concept Inventory (FCI).

METHOD

The descriptive quantitative method in this study uses a survey model as a data
collection technique, where the survey data is in the form of quantitative data. The subjects
of this research are 70 students of class X MIPA from private high schools in the city of
Malang who have studied Newton's Law. The selection of students was carried out
randomly, where the specific number of respondents was 30 male students and 40 female
students.

The research instrument contains 6 questions that require students to provide true or
false conclusions from the statements presented accompanied by reasons. This instrument
was adapted from the FCI multiple-choice questions (Hestenes et al., 1992), and modified
into essay questions with isomorphic type. Isomorphic questions consist of the same
concept but the redactions are different and randomly placed. The researcher chose essay
questions to minimize cheating that may occur when students are doing the questions. In
addition, essay questions produce diverse student answer data. Modifications to the FCI
questions are also made by changing the language so that it is easy for students to
understand and avoid the occurrence of double meanings in interpreting. The modification
was carried out with the help of experts from the Department of Physics, State University
of Malang. There are two indicators of questions used in the research instrument, namely
1) students can apply Newton's Law II to the motion of objects; and 2) students can apply
the concept of Newton's Law III in every situation. In order, the first indicator is located at
numbers 1, 3, and 6 and the second indicator is located at numbers 2, 4, and 5.

Question instruments are validated by experts, so they are suitable for use as a measuring
tool. In addition, the researcher also conducted an inter-rater reliability test conducted by
two assessors to determine the perception of assessment between assessors on the results
of student answers. The reliability test showed a value of 0.730, which means that the
perception of student answer analysis by the two assessors was in the substantial category
(Kimambo et al., 2021; Mourtzikou et al., 2022; Naqvi et al., 2020). Furthermore, the
researcher collected data by providing the questions to the respondents through the subject
teacher. Students as respondents worked on questions in the form of essays individually
within 45 minutes in class. During the test, the supervisor ensured that no students
collaborated in solving the questions. The results of the answers that have been collected
are then assessed following the scoring guidelines. The maximum score that students can
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get for each question is 3. Then, the total score is converted to the final score with the
formula, Equation 1.

NA = % x 100 (1)
Information:
NA : Final score
n : Total

The researcher also categorizes students' understanding of concepts as isomorphic by
assuming that if students can correctly answer all three questions with the same indicators,
then students are said to understand concepts (MK). However, if students can only answer
two correct questions, then they are categorized as understanding the concept (CK). If one
question is correct or the third question is wrong, then students are considered not to
understand the concept (TK) (Suganda et al., 2020). The results of student answers that
have been processed following the scoring and categorization guidelines are analyzed with
descriptive statistics. Where the results of the analysis explain the mean, standard
deviation, highest score, and lowest score.

RESULTS AND DISCUSSION
Results

The results of the descriptive analysis stated that the average isomorphic score of the
students' answers was 16.40. The average is in the very low category (Sudianto et al.,
2024). The maximum score obtained by one of the students is 67. The value is in the
medium category (Mahfudhah et al., 2022).

Table 1. Descriptive Statistics of Student Answer Results

N Minimum | Maximum | Mean | Std. Deviation
Identification Results 70 6 67 16.40 11.159
Valid N (listwise) 70

The average score of the student answers to each question in detail can be seen in Table
2. The lowest average is in question 1 with an average of 0.04 and a standard deviation of
0.359. The highest average in question 3 reached > 0.9 with a standard deviation of > 0.3.

Table 2. Descriptive Statistics for each Question Item

N Min Max Mean Std. Deviation

Question 1 70 0 3 .04 .359
Question 2 70 0 3 .50 .608
Question 3 70 0 3 .94 376
Question 4 70 0 3 23 618
Question 5 70 0 3 .90 1.264
Question 6 70 0 3 31 910
Valid N (listwise) 70

An interesting finding in this study is that in each question there is at least one student
who successfully answers using the correct concept and gets 3 points (see Table 3). In
addition, there are also quite a lot of students who get 1 point and are almost spread across
every question. Even in question number 3, the majority of students got point 1. In this
case, point 1 obtained by the majority of students in question number 3 shows that students
can conclude that the statement is true or false.
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Table 3. Percentage of Students' Concept Understanding Category for each Question Item

Question Calculation of Student Percentage of Concept
Sub Material Number Points for Each Question | Understanding Category
0 1 2 3 MK CK TK
Newton's Law 11 1 69 0 0 1
3 6 63 0 1 0% 1% 99%
6 62 1 0 7
Newton's Law III 2 39 29 1 1
4 60 5 4 1 0% 1% 99%
5 42 10 1 17

Based on isomorphic assessments, no student answered correctly on all three questions
with the same indicators. However, the highest score obtained by students in each indicator
is 6 points with a score of 3 on two questions. The score shows that the level of
understanding of students is in the category of quite understanding concepts (CK), Table
3.

The exploration of the difficulties experienced by students when solving the problem is
explained in the sample answers from two questions with each indicator. Question 1
represents the first indicator with the majority of students' answers getting 0 points and is
the question with the highest number of Os in indicator 1, Table 3. Question 1 contains a
statement about two spheres that have different masses and are dropped at the same height,
then the object with the greater mass will reach the ground first. Students are asked to
determine whether the statement is true or false and provide supporting reasons to explain
the phenomenon. The results of the students' answers are listed in Figure 2 and Figure 3.

1. Duabola A dan B memiliki massa 2 kg dan 1 kgmemiliki diameter sama dijatuhkan
dari ketinggian yang sama, maka bola A akan jatuh terlebih dahulu karena massanya
lebih besar.

Figure 1. Question Number 1
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Figure 2. Correct Answer to Question Number 1
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Figure 3. Wrong Answer to Question Number 1

Based on Figure 2, students get 3 points, because they can successfully conclude
whether the event is true or false and can provide an explanation based on the concept. of
the event and were able to explain the concept. Meanwhile, in Figure 3, students get 0

points for giving the wrong conclusion and the right reason.

Based on Table 3, question 4 has the most 0 points in the second indicator owned by 60
children. Question 4 produces more varied answers can be seen in Figure 5, Figure 6, and
Figure 7. The question contains a statement about a motorcycle hitting a car driving from

the opposite direction. In this event, the force given by the car is greater, so the motorcycle

bounces. Students are asked to give conclusions from the statement as true/false and
provide explanations that are by the concept of Newton's Law III based on the events that

occurred.

4. Motor yang dikendarai Ari kehilangan kendali, sehingga menabrak mobil Avanza
yang melaju dari arah berlawanan yang mengakibatkan motor Ari terpental sejauh
5 meter, namun mobil tetap berada di lokasi kejadian. Tepat pada saat tabrakan,
gaya yang diberikan oleh mobil ke sepeda motor lebih besar daripada gaya yang
diberikan motor ke mobil, sehingga hal tersebut menyebabkan motor terpental.

Figure 4. Question Number 4
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Figure 5. Correct Answer to Question Number 4
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Figure 7. Wrong Answer to Question Number 4

In Figure 4, students get maximum points because they managed to conclude the event
and provide the correct explanation. In Figure 5, students get 2 points because it is wrong
to give a conclusion, but the explanation given follows the concept. Meanwhile, in Figure
6, the student gets 1 point because they only succeeded in concluding the right or wrong of
the event, but failed in providing an explanation in accordance with Newton's Law III

theory.



Kasuari: Physics Education Journal 8(1) (2025) 1-13
P-ISSN:2615-2681
E-ISSN: 2615-2673

Discussion

Based on the data that has been described, it is known that none of the students can be
categorized as understanding the concept when answering the 6 questions. The maximum
score obtained by students on the two indicators is 6 points. Students who successfully
answer two correct questions with the same indicator can be categorized as understanding
the concept based on isomorphic assessment. The CK category is only owned by two
students. Student 1 is in the CK category in the question with the first indicator, while
student 2 is also in the CK category in the question with the second indicator. Students are
unable to answer all three questions with the same indicators due to several difficulties
experienced. In addition, students who get 1 point are also almost spread across every
question. The failure experienced by students is that they are unable and do not understand
the ideas given to each question, so they fail to conclude to answer each question with the
same indicators. In addition, they failed to explain the reason for the cause and the majority
of students answered not according to the concept, even using their naive theories. The
results of research conducted by Alatas et al. (2021) also suggested that isomorphic tests
accurately detect the difficulties of students who experience misconceptions in Newton’s
Law material.

The majority of students' difficulties identified in question 1 are errors that occur
because students cannot distinguish acceleration and velocity. Students claim speed is

directly proportional to mass, but the formula used is Newton's Second Law F=md.In
the formula of Newton's Second Law, it is very clear that the sign d is acceleration which
means acceleration not speed. In Figure 3, student 2 answered question 1 with the concept
of potential energy, namely objects that have the same height, but different masses, E,, =
m. g. h. The objects with the heavier mass will arrive first. Students assume that the greater
the mass of an object, the greater the acceleration. The majority of student answers assume
that mass affects the acceleration of an object. Students still have difficulty in determining
the relationship between mass and acceleration. Students do not understand that the event
is related to Newton’s Law II regarding the acceleration of an object which is directly
proportional to the resultant force acting on it, and inversely proportional to its mass
(Serway & Jewett, 2014)

This is because students tend not to pay attention to implied things such as the influence
of gravitational acceleration and air friction. Most students use the potential energy formula
based on the data or information provided in the questions and their naive theories through
daily observations. Students do not realize that if the height of an object increases, it will
cause an increase in the potential energy of an object and its kinetic energy decreases.
Research conducted by Alatas et al. (2021) also explained that students tend to assume that
the acceleration of an object is directly proportional to the mass of the object. Difficulties
in understanding this concept are also experienced by students who are more familiar with
using formulas and tend to use rote techniques, as a result their concept understanding of
Newton’s Law II is low (Sulman et al., 2022)

In the question with the second indicator, the majority of students' answers were that
objects with a larger mass will exert a greater force on objects with a smaller mass.
Students' answers and reasons varied in question 4. Based on the students' answers in
Figures 5 and 6, they explained that mass also affects the force exerted and received by an
object. In addition, the student's answer in Figure 5 gives an incorrect answer, but he
understands that the two objects exert the same magnitude of force on each other, but there
is no further explanation regarding the amount of force received by the two objects and
claims that what causes the lighter object to bounce is due to the difference in mass. The
concept that should be understood by students is when object I exerts a force on object 11
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(action force), while object II exerts the same force on the first object in the opposite
direction (reaction force) (Giancoli, 2005).

Students’ difficulties in understanding the application of Newton's Law III in various
circumstances stem from the naive theory. Students assume that the force exerted by two
interacting objects is not always equal in magnitude, but depends on other external factors,
such as mass, velocity, and the state of motion of the object. This is also revealed in a study
that has been conducted by Savinainen (2017) which also explains the same thing. Other
students' perceptions are also similar to the explanation of Bao et al. (2002 dan Sujarittham
(2019) stated that two interacting objects have different masses, the more massive object
must exert more force than the smaller one. Other research explains that when one object
pushes another object, the pushing object must exert a greater force than the pushed object
(Mansyur et al., 2020).

Students ignore that two interacting objects exert force on each other with the same
value but in different directions (Serway & Jewett, 2014). In this case, students also

misinterpret that F = —F has a different value because they are deceived by a negative
sign that is supposed to indicate direction, but they assume that the negative sign indicates
the magnitude of the force. The students' answers also explained that the reason why the
motorbike can bounce is due to the difference in the mass of the two, they do not pay
attention to the acceleration that applies to both, referring to Newton's theory of Law II

with the formula F = m.d. The motorbike can bounce and the car remains stationary
because the two objects have the same magnitude of force with different masses, so the
motorbike will experience greater acceleration in the opposite direction to the initial
direction of the motorbike. The acceleration owned by the car is much smaller than the
acceleration of a motorcycle.

Questions with isomorphic types consistently provide valid information about students'
understanding of the concepts contained in the questions. This is a solution to make it easier
and quickly identify the difficulties experienced by students so that they can be minimized.
This is because the sooner it is identified, the faster and more appropriate the learning
treatment that can be given. Research by Suganda et al. (2020) explains that isomorphic
tests are more effective in measuring students' learning difficulties. Teachers can use 3
isomorphic questions, both before and after starting learning to check students'
understanding of concepts. Using 3 isomorphic questions with a description question
format will be more detailed in revealing students' concepts understanding. This is because
the answers that emerge from students' thoughts are interesting and the reasons expressed
are sometimes unpredictable. This is also the difference between this study and the previous
study, but, using the type of description questions will take longer and more thorough to
assess. If you want a shorter time, you can use 3 multiple-choice isomorphic questions.
However, using this type of question cannot further reveal the student's understanding,
unless an interview is conducted or a reasoned multiple-choice is used.

The weakness of this study is that the number of student participation is limited to only
one school. It is recommended to conduct research with a larger number of participants and
come from different schools so that the results obtained are more varied. In addition, the
data obtained is more varied, but it can also produce and describe students' ability to
understand more valid concepts.

CONCLUSION AND SUGGESTIONS

The isomorphic test used in this study proves its consistency in identifying students'
understanding of concepts so that the difference between students who experience
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difficulties and those who already understand concepts can be known. Students experience
difficulties in both indicators, namely Newton's Law II and Newton's Law III. This study
showed that the majority of students did not understand the concept and only 2 students
were in the category of understanding the concept sufficiently.

The mistakes that are described by many students in each indicator in order are as
follows: 1) considering mass as the main factor for the object to reach the bottom first when
it is dropped from the same height; 2) linking the relationship of mass and altitude
according to the potential energy formula; 3) mass affects objects when interacting; 4) the
state of the object affects the interaction of both; and other factors.

This study implies that the condition of students with difficulty understanding Newton's
Law material can be used as a reference in compiling physics learning. In addition, further
research can be carried out using isomorphic problems on different materials and with
different innovations. This is because isomorphic tests are proven to be able to explore the
difficulties experienced by students by providing consistent results, so isomorphic tests are
feasible as an option for researchers and teachers to be used as assessment test instruments.
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