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Abstrak

Penelitian bertujuan untuk melihat pemahaman konsep siswa pada materi hukum kedua Newton melalui model
Rasch. Penelitian ini dilakukan pada mahasiswa pendidikan fisika Universitas Islam Negeri Sulthan Thaha
Saifuddin Jambi yang berjumlah 29 mahasiswa yang aktif pada bulan Agustus 2023. Metode penelitian yang
digunakan adalah metode penelitian deskriptif kualitatif dengan mengacu pada tata cara pengorganisasian dan
pelaksanaan observasi, dimana peneliti tidak melakukan perlakuan khusus untuk melakukan perubahan pada diri
siswa, namun melihat pada kondisi nyata yang dimiliki siswa dengan kondisi modern. Instrumen terdiri dari 45
item yang berkaitan dengan gaya dan gerak. Pemilihan butir soal untuk memperoleh butir soal yang sesuai
menggunakan program Winsteps 3.65.0. Hasil analisis menggunakan Model Rasch menunjukkan 23 item fit.
Hasil analisis menunjukkan kemampuan konsep sangat rendah, penguasaan konsep siswa rendah dimana secara
persentase 97% memiliki penguasaan konsep rendah, dan hanya 3% yang memiliki kemampuan penguasaan
konsep sedang khususnya pada materi Hukum I1.

Kata Kunci: Pemahaman Konsep, Intrument Tes Fit, Rasch Model

Abstract

The research aims to see students' conceptual understanding of Newton's second law material through the Rasch
model. This research was conducted on physics education students at the Sulthan Thaha Saifuddin Jambi State
Islamic University, totaling 29 active students in August 2023. The research method used was a qualitative
descriptive research method regarding the procedures for organizing and carrying out observations, where the
researcher did not carry out special treatment. to make changes to students, but looking at the real conditions
that students have in modern conditions. The instrument consists of 45 items related to force and motion.
Selection of questions to obtain appropriate questions using the Winsteps 3.65.0 program. The results of the
analysis using the Rasch Model showed 23 fit items. The results of the analysis show that concept ability is very
low, students’ concept mastery is low where in percentage terms 97% have low concept mastery, and only 3%
have moderate concept mastery ability, especially in Law Il material.
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INTRODUCTION

The lecture process in the Tadris Physics study program, in adapting to and at the same time facing
changes in educational process patterns in the industrial era 4.0 (Could, 2020; Liao et al., 2019; Watts et al.,
2003), must have a breakthrough that is comprehensive and measured clearly and well. The lecture process must
consist of abilities and aspects that can be a conductor in demonstrating students' abilities. In reality, institutions
should be the most effective and efficient place of learning, especially in the field of physics education so that
children's understanding of concepts can increase. Understanding concepts is of particular concern in physics,
one of which is Newton's Second Law (Bao & Fritchman, 2021; Tao et al., 2018; Thornton & Sokoloff, 1998).
Various forms of efforts to improve mastery of physics concepts have been carried out both in terms of learning
models, developing learning media, and developing assessments in learning. This shows unsatisfactory results
S0 an assessment is needed that can measure accurately. One of the measuring tools used is a precision test in
the form of multiple choice test questions because it gives students the opportunity to think about questions that
are correct and also possibly incorrect (Hidayati et al., 2023; Scott & Schumayer, 2017). Although it cannot be
denied that multiple choice test instruments still have many obstacles and do not seem to be able to measure
what they should measure and this causes the need for pathways and criteria in assessment. Assessment of
understanding of the concept of Newton's Second Law should be easy to carry out if the measuring instruments
used are correct and precise (Adha et al., 2023; Sofna et al., 2023).

To measure mastery of a concept, of course, a chosen test instrument must meet the criteria as a good
measuring instrument and is also effective and efficient(Halloun, 2007; Stoen et al., 2020; Sulman, Tanti, et al.,
2021; Villalonga-Olives et al., 2021). Most of the instruments used have not been able to achieve maximum
results (Masalesi, 2022; Misbah et al., 2022; Nehru et al., 2022; Yusuf et al., 2022). For example, when officers
ask to analyze what happens if we dive in an intense place, for students who have interacted with this question
it is relatively easy to answer, while students who do not know the phenomenon presented by the lecturer may
need a better explanation and understanding of the material. and easy to understand (Kusumawati & Wahyuni,
2022; Sulman et al., 2020; Villalonga-Olives et al., 2021). The lecture process should provide additional data,
therefore good assessment is needed in the form of measuring instruments that are able to increase students'
mastery of concepts, especially Newton's Second Law in physics education. Correct and accurate data is not
only an important factor but can also be an ability that influences students' actual learning outcomes, so that the
test questions used are truly able to provide an overview of students' true mastery of concepts (Lin et al., 2015;
Lindsey K. Le, 2013; Uzunboylu & Asiksoy, 2014; Wei et al., 2021; Wells et al., 2019). Having correct and
accurate concept mastery information is believed to be an important component in improving better mastery of
the material. In fact, nowadays it is very easy for students to get information about the physics material provided,
especially Newton's second law(Meltzer, 2005; O’Neil et al., 2020; Scott & Schumayer, 2018; Wells et al.,
2020). In lectures, true students are not yet able to maximize the information or material provided by lecturers,
especially basic physics courses, especially Newton's second law. Assessment of students’ mastery of concepts
can actually be seen from classical procedures and also technology, so it can be the perfect combination in
measuring students' real abilities (Aldalur & Perez, 2023; Stoen et al., 2020).

In physics lectures, an assessment must be measured in depth in making decisions, so that modern test
theory, usually called Item Response Theory, can be a solution to overcome existing weaknesses. in ordinary
Classical Test Theory (Ponkilainen et al., 2021; San Martin & Rolin, 2013; Sulman et al., 2023; Sulman, Sutopo,
et al., 2021). Item response theory models each participant's response to each item in a test. Response theory in
determining the characteristics of the model that can be used is the Rasch model (Sulman et al., 2023; Sulman,
Sutopo, et al., 2021). With the test instrument carried out using Rasch modeling, the aim is to measure the
objective (measurement objective) to measure the measurement, but to measure the results depending on who
is being measured (test-dependent scoring). The percentage or number of correct answers on a test based on the
subject being measured (dependent sample) is descriptive and applies to all subjects. Objective measurements
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produce data that does not depend on the type of subject, characteristics of the assessor, and characteristics of
the measuring instrument. This research reference uses Rasch modeling to analyze test instruments developed
in accordance with the learning perspective assessment with 45 test items modified from available FMCE
questions, where the test questions are only administered during the test and are not distributed after the test to
maintain the confidentiality of the questions. The instrument is in the form of test questions developed using
the Rasch Model with online questions with the Winstep program version 3.65.0 which can see question bias
and can detect questions in answering questions correctly during the online test so it is not expected that some
students will feel disadvantaged by inaccurate and inaccurate measurements (Shea et al., 2012; Sulman et al.,
2023; Sulman, Sutopo, et al., 2021; Zehirlioglu & Mert, 2020) and fair in assessing his learning abilities.

In this research, the researcher tries to describe the mastery of physics students' concepts in Newton's
Second Law material through a question item using the Rasch Model approach which is expected to be able and
able to provide students with accurate measurements, especially Newton's Second Law material. Mastery of
concepts will be measured by analyzing questions, namely 45 test questions given in a classical manner which
are then formed into fit questions, where questions that have been modeled as fit questions or questions that are
good and effective in measuring students' mastery of concepts, especially Newton's Second Law, will become
guestions. who are truly able to explore how students actually understand or master concepts, especially in
Newton's Second Law material, so that it can become a fact in improving and perfecting especially Newton's
Second Law material and in general in basic physics courses, especially in physics courses. The process clearly
shows that the role of the Rasch model that researchers use is an effective and efficient means for changing the
educational paradigm which is able to increase understanding and detect student understanding which so far
requires several days of observation, with assessments that are followed by standards or Rasch model
views(Nehru et al., 2022; Sulman, Yuliati, Kusairi, et al., 2022; Sulman, Yuliati, Purnama, et al., 2022a). all
data will be retrieved easily and effectively. thus making it easier for education to find out students' true
understanding of Newton's Second Law, which can then be used as input for physics education both nationally
and internationally.

METHOD

The research method used is a descriptive qualitative research method with reference to the procedures
for organizing and conducting observations, where the researcher does not carry out special treatment to make
a change in the students, but looks at the real conditions that the students have with modern instruments. This
research was carried out at the analysis stage of the FMCE test instrument using the Rasch model. The test
subjects for this research were 29 students who had taken basic physics courses at the Sulthan Thaha Saifuddin
Jambi State Islamic University. Quantitative data analysis with the help of the Winsteps program Version 3.65.0.
The Winsteps Program Version 3.65.0 was used to obtain item parameters that fit the Rasch model.
Determination of reliability is seen from the magnitude of Item Reliability and overall item reliability which is
indicated by the magnitude of the Cronbach alpha value, while the item limit is declared according to the model
if it has an MNSQ Outfit of 0.5 to 1.5; ZSTD clothing between -2.0 to 2.0; and the correlation value with the
total score or point size. correlations ranged from 0.4 to 0.85. After developing the instrument, the 45 test items
carried out classically will continue to be analyzed using the Rasch model and the modeled questions will be
obtained (fit questions) which will then be continued by analyzing and concluding the understanding of the
Siawa concept using the Winsteps Version 3.65.0 program. by seeing how students master concepts, especially
Newton's Second Law material. mastery of concepts in basic physics, especially Newton's second law, is
actually a must for prospective physics education teachers, so that all abilities at the advanced level can be
better, this is an indication that it is very important for basic abilities to be mastered very well. so that detecting
as early as possible students' basic understanding, especially in Newti's Second Law and in general in basic
physics courses can be considered a necessity.
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RESULTS AND DISCUSSION

Results

In the research that has been carried out, the researchers actually want to describe an understanding of the
concepts of physics students who will be active in August 2023, by using a modern assessment where the process
will refer to Rasch modeling (Creswell, 2012; Njie & Asimiran, 2014). As for the results of the research that
has been carried out, there are 2 data observed where the two data have an inseparable relationship with each
other. This data is data on how the test questions are formed first which will be analyzed using the wisntep
program with reference to the Rasch model to get fit data (fit question items), which will then be carried out
further analysis to get data about students' understanding of concepts in Law Il material. Newton. The data that
researchers obtained for appropriate questions (fit question items) is as shown in Table 1.

PERSON: REAL SEP.: .80 REL.: .8@ ... ITEM: REAL SEP.: .97 REL.: .48

ITEM STATISTICS: MISFIT ORDER

[ENTRY  TOTAL MODEL|  INFIT | OUTFIT |PTMEA|EXACT MATCH| \
[NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR.| 0BS% EXP%| ITEM |
[~mm e fonmmennans fonmmnnnans T PR \
| 16 6 29 -.16  .48]1.27 1.8]1.50 1.6|A-.14] 75.0 79.3| Soal 35|
| = 8 29 -58 430118 .9|1.13  .6|B .08| 67.9 72.9] Soal 45|
[ 2 17 2 -2.83 40118 1.4]1.16 1.8|C .14| 50.8 64.4] Soal 19|
| 15 6 29 -6  .48/1.10 .5/1.e4 .2|D.15] 75.0 79.3| Soal 33|
| =z 7029 -38 45|11 .5|1.84  L20E 17| 71.4 76.1] Soal 42
| 18 2% 117 75|18 3|11 .4|F .e8| 92.9 92.9] Soal 38|
| 1 5 29 .8 510188 .4[1.80  .8|6 .18] 78.6 82.5] Soal 32
| s 2 ® 117 75|18 2] .48 -.1)H.20] 92.9 92.9] Soal 15|
| 70029 -38 45|18 .1 .47 -.21.28] 71.4 76.1| Soal 26|
| s 8 29 -58 .43 .98 -1 .49 -.2|i.31] 75.0 72.9] Seal 21
[ 1 4 2 3% .56 .93 -.1] .42 -.1]h.20] 85.7 85.7| Soal 9 |
| 17 7 29 -38 .45 .91 -3 .43 -.2]g .35 78.6 76.1| Seal 37|
| 19 8 29 -.58  .43) .80 -5 .43 -.2|f .40] 75.0 72.9] Soal 49|
| 1 3 » 1 ..3).87 -1 .43 -1le.35] 8.3 8.3] Seal 23|
[ 3029 .1 .83 .87 -1 .44 -.2|d .34] 89.3 89.3| Soal 31
| 4 3 29 711 .63 .85 -2 .45 -.1]c .40] 89.3 89.3| Soal 14|
| o 329 .71 .63 .85 -.2] .46 -.2|b .46] 89.3 89.3| Seal 22
| 11 7 29 -38 .45 .8 -7 .41 -1.8]z .49] 78.6 76.1| Soal 24|
[-=mmmm e TR TR TR — TR \
| Meay 5.9 200 .27 .81l .2] .4 8| | 79.2 81.9 \
[s0. 62 .0 1.9 54| .13 5.2 8 105 8.9 \

Figure 1. The results of the analysis of test items

Figure 1 above clearly shows how the test questions are formed using Rasch modeling. Rasch modeling
will create a form of questions that is actually able to identify precisely and accurately how a question is truly
able to interact with the question itself and is also able to interact or have an understanding and a straight line
with students who will take the test, where with the questions that Formed are called Fit Questions which are
able to present questions well and effectively in taking measurements. In everyday life, actually presenting
questions is done by looking for good questions using classical analysis techniques or commonly known as
empirical validity analysis by looking for the differentiating power of the questions, the difficulty index of the
questions, the validity of the questions and also the reliability of the questions. Sometimes this is very helpful
to show quality questions, but we have to understand that if the population and sample size is very large, this is
very difficult and a bit troublesome, because this is the quality of the fit questions using Rasch modeling which
is very good and can be measured accurately. Good and quality assessment can encourage learning outcomes
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that are truly in accordance with students' abilities(Meiliani et al., 2021; Sulman, Tanti, et al., 2021; Zb,
Novalian, Rozal, et al., 2021; Zb, Setiawan, et al., 2021), so that the measurements carried out are truly capable
of not only knowing students' abilities but can be a guide for lecturers or teachers in carrying out the next action
process so that students become better and easily deepen knowledge material at the next level(Meiliani et al.,
2021; Putra et al., 2021; Rozal et al., 2021; Sulman et al., 2020; Sulman, Tanti, et al., 2021; Sulman, Yuliati,
Purnama, et al., 2022b; Zb, Novalian, Ananda, et al., 2021; Zb, Novalian, Rozal, et al., 2021; Zb, Setiawan, et
al., 2021). Good knowledge can only be obtained from the results of good teaching, and it can also be stated
that good teaching must be supported by good assessment, if both are fulfilled it will make learning really good
and effective(Nehru et al., 2022; Yusuf et al., 2022; Zakwandi et al., 2022; Zb et al., 2022). so that the results
obtained are students who are truly able to understand the material well. The research process was continued to
obtain data on students' understanding of Newton's Law Il material which can be seen in Table 2.

TABLE 16.3 D:%Laporan Penelitian FTK 2823%Laporan TOULl83WS . TXT Mow 26 S:57 2823
INPUT: 29 PERSONS 23 ITEMS MEASURED: 29 PERSONS 23 ITEMS 2 CATS F.65.@

ITEMS - MAF - FERSONS
<rare>|<mores»
2 prele e N

s S0 S5
K3 55 Ma S M5 51 NS S5 SDIM S1  ZA S1

AN S LA s1 MAaN S1 RA 53 RN 51 I S5

AEA S1 EJ 53 Ma 53 MAF S1 MKEW S2 N S3 FA S5
R 53 W os1

IK 53 oR 53 sA 51 wzZ s=2

ANa S3

-3 x - Z 55
<fregu>|<less>

Figure 2. Students' understanding ability on test questions on Newton's Second Law material

Discussion

Based on data analysis using Winsteps software, there are 23 items that fit the Rasch model and 22 other
items that do not fit the Rasch model. It can be said that the abilities of Tadris Physics students at Sulthan Thaha
Saifuddin Jambi State Islamic University, especially Newton's second law, are far below the level of difficulty;
in other words, in answering all the questions it is difficult for students to answer all the questions correctly. So
that students with low ability only answer gquestions with low distinguishing power and cannot do the most
difficult questions, and the data can also be stated that the level of consistency of students' answers is in the
sufficient or consistent category in describing the level of student ability, especially in Newton's Second Law
material. Children's motivation is very important and can have a strong influence on the results to be achieved
(Meiliani et al., 2021; Sulman, 2019; Sulman, Yuliati, Purnama, et al., 2022a, 2022b). In analyzing the data that
has been presented or obtained in the research, it can be stated that the test instrument used is suitable for
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measuring students' mastery of concepts, especially students' Newton's Second Law in Basic Physics courses.
It can be ascertained that the data has the possibility of a rational value that is truly able to describe students'
mastery of concepts, where the test item questions that are formed are 23 items which are good in carrying out
the process of measuring Newton's second law material. In other words, as a whole the questions or items are
in accordance with the Rasch model and can be used as an instrument to test students' conceptual understanding
of Newton's Second Law material.

The above shows the ability of the Rasch Model in developing assessment instruments. An item limit is
declared to fit the model if it meets one or both of the following conditions. The first condition is that the Outfit
MNSQ value is between 0.5 and 1.5; The ZSTD value of clothing is between -2.0 to 2.0; and the correlation
value of items with the total score lies between 0.4 to 0.85. This is used to explain that the questions developed
are truly a measuring tool that is not just a final exam, but an assessment that can help lecturers in lectures. Of
course, in the research that has been carried out, all of these measurements have clearly been fulfilled and are
considered truth or success in forming good (fit) test items.

In this research, especially the mastery of the concept of Newton's Second Law, which is an assessment
using the Rasch model, there are actually several things that can be taken into account indirectly and have special
characteristics where the raw data must be converted into odds ratio form as valid data, through the Rasch item
model, it can change the form of an ordinal response into a ratio with a better level of accuracy in terms of the
principle of probability which is able to describe the greatest probability or tendency of a test item to become a
guide in analyzing questions. Basically, test items that have been formed using Rasch modeling actually have a
possibility of truth or error of the selected test items because the Rasch model not only looks at good items but
also from the perspective of the person working on the instrument so that the instrument can be consistent in
measure without being influenced by other factors(Reyza et al., 2023; Sulman, Sutopo, et al., 2021; Sulman,
Yuliati, Purnama, et al., 2022b; Sulman et al., 2023; Zb, Novalian, Ananda, et al., 2021). so that the questions
that are formed are very capable of measuring students' mastery of concepts, especially Newton's Second Law.
The number of test questions, namely 23 test items, were fit after analysis using Rasch modeling, especially for
Newton's Second Law.

Understanding Student Concepts on Force and Motion Materials

Analysis of students' conceptual understanding of Newton's second law which was developed using the
Rasch model for tardis physics students at Sulthan Thaha Saifuddin State Islamic University, Jambi from 23
guestion items that were fit, so that it could become an appropriate measuring tool which was then analyzed
again using the Winstep application so that it could explain and describe in detail how students actually master
concepts in Newton's Second Law material, so that it is clear the actual situation or state of student mastery of
concepts that are actually in Newton's Second Law, in other words, students' mastery of Newton's Second Law
can be seen at the level possessed by students compared to their level. The difficulty given, between the test
guestions given and also the students' abilities.

The data in Figure 2 shows that the conceptual understanding ability of Tadris physics students at Sulthan
Thaha Saifuddin Jambi State Islamic University in working on test questions on Newton's Second Law material
that has been developed can be developed and analyzed from the winsteps output in that section, namely the
Wright map. Students' information about the ideas of force and motion is still shallow. This can be seen from
the analysis results where FMCE has a much higher level of difficulty compared to students' abilities. This value
can be seen from the 45 questions given, only 23 test items can be used for further analysis, especially students'
mastery of concepts in Newton's Second Law material. The results of the analysis show that concept ability is
very low, students' concept mastery is low where in percentage terms 97% have low concept mastery, and only
3% have moderate concept mastery ability, especially in Law 1l material. However, the researcher realizes that
there are many shortcomings in this research, where the questions used are international standards which are
sometimes very difficult for students to accept, and also the small population means the data cannot be seen on
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a larger scale, so the researcher hopes for further research. There are other researchers who carry out global
analysis which is able to support general assessments, because the Rasch model will be very effective if carried
out on a large scale and has high standards. The understanding of the concepts obtained by researchers is
believed to be able to make a big and real contribution to the development of physics education. Conceptual
understanding is basically a path that has been traversed by students in gaining knowledge, in other words the
amount of conceptual understanding that students have in Newton's Second Law material clearly shows the
basic abilities of physics education students in understanding the material, as well as a refinement that is able
to separate students based on several levels of mastery, so that later in the learning process it can become an
introduction to students about the real understanding that must be fulfilled by lecturers in providing
knowledge(Misbah et al., 2022; Rahim & Nadira, 2022; Yusuf et al., 2022), so that learning related to Newton's
Second Law material can run better and is not fragmented so that students will have difficulty understanding
newly learned knowledge. Researchers believe that students' difficulties will be resolved by carrying out
analysis with appropriate test instruments referring to the Rasch model indicators, so that the assessment
obtained is truly a good and quality assessment.

CONCLUSION

In the research that has been carried out, the test instruments used in Newton's Second Law material have
been obtained using the Rasch model, namely from the 45 test items used, measuring students' mastery of
concepts in Newton's second law material. This instrument consists of 45 items related to Newton's Second Law
and is tested on students directly or classically. Selection of questions to obtain appropriate questions using the
Winsteps 3.65.0 program. The results of the analysis using the Rasch Model showed 23 fit items. The results of
the analysis show that concept ability is very low, students' concept mastery is low where in percentage terms
97% have low concept mastery, and only 3% have moderate concept mastery ability, especially in Law Il
material. It is recommended that future researchers, when using assessments that are standardized as researchers,
must really carry out in-depth analysis and also validate with experts so that questions are actually formed that
are accurate and appropriate to the student's character or abilities.
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