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ARTICLE INFO ABSTRACT

Keywords: The assessment of material elasticity science process skills in high
school students requires validated and reliable instruments. This

Elasticity; study aims to develop and validate a set of multiple-choice questions

Science process skills using the Rasch model to ensure their suitability for educational

Rasch model; assessments. This quantitative research employed a model approach

Validation based on the Rasch model. The instrument consisted of multiple-

choice questions designed to evaluate material elasticity science
process skills. The validation process included two stages: content
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Revised 2024-02-06 conducted with a sample of 32 high school students. Data analysis

Accepted 2024-05-28 was performed using MNSQ infit, MNSQ outfit, delta,
discrimination index, item differential power, and item difficulty
level, with the assistance of Quest data analysis software. The results
of the analysis from Quest revealed that only 10 questions met the
Rasch model criteria. Among these, question number six was
identified as the most difficult. The validation process demonstrated
that the developed questions are appropriate for assessing the
targeted skills based on the Rasch model. The findings indicate that
the validated instrument is reliable and suitable for evaluating
material elasticity science process skills in high school students. This
study underscores the importance of rigorous validation processes in
developing educational assessments. The developed multiple-choice
questions, validated through the Rasch model, are feasible for use in
assessing material elasticity science process skills. Future research
should explore the application of this instrument in various
educational contexts to further confirm its reliability and
effectiveness across different student demographics.
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1. INTRODUCTION

Physics is the study of natural phenomena explained through formulas that demonstrate these
events (Astalini et al., 2021). In physics education, teachers typically introduce formulas, illustrate their
applications in everyday life, and conduct laboratory experiments. However, a common issue in teaching
physics is the ineffective classroom learning process (Yunzal & Casinillo, 2020; Maison et al., 2022).
Students often remain passive, hindering the development of their affective skills. Additionally,
laboratory sessions are infrequently utilized due to the extensive curriculum requirements. Conducting
practical work necessitates support materials such as electronic learning kits (E-LKPD), rubrics,
instrument questions, and various learning media. Despite their importance, educators often lack the time
to adequately prepare these resources. This research aims to assist educators by developing instruments
to assess science process skills related to elasticity.

Science process skills are essential techniques used by scientists to gather and interpret information
about the natural world. These skills encompass a range of methods employed in the laboratory to
uncover new knowledge and insights (Gunawan et al., 2019; Siregar et al., 2020). In educational settings,
science process skills enable students to engage directly with scientific phenomena, fostering hands-on
learning and critical thinking. Through activities that mirror the work of professional scientists, students
can develop a deeper understanding of scientific concepts and methodologies. Science process skills
include essential techniques that children use to acquire firsthand information through student learning
activities. Effective science education incorporates these skills at every stage, ensuring that students
actively participate in the learning process. The development of science process skills involves various
student activities designed to enhance learning outcomes. Five key indicators of science process skills
have been identified: observation, prediction, investigation, data interpretation, and communication.

Observation involves using the senses to gather information about objects or events. Prediction
entails making educated guesses about future events based on current knowledge. Investigation includes
designing and conducting experiments to test hypotheses. Data interpretation involves analyzing and
making sense of collected data. Communication focuses on sharing findings and explanations with others.
By integrating these indicators into science education, students can develop a comprehensive set of skills
that not only enhance their understanding of science but also prepare them for future scientific endeavors.

In educational units, instrument questions are very important in the process of assessing and
evaluating student performance. There are various types of questions such as; multiple choice,
description, true-false, etc. The types of questions have different objectives, and the formulations are also
different (Putranta & Supahar, 2019). The preparation of the instrument for science process skills is related
to the indicators of the science process skills themselves. Indicators of observing, interpreting, predicting,
and communicating must be in accordance with the questions and the choices of answers made.
Questions that have good quality have a balance of difficulty levels (Rokhmat & Putrie, 2019; Bakri et al.,
2019). Problems that are too easy do not stimulate students to increase their efforts to solve them. On the
other hand, questions that are too difficult will cause students to become discouraged and not have the
enthusiasm to try again because they are beyond their abilities. In its development, there are several
models that can be used in test instruments, one of which is the Rasch model.

The Rasch model is an Item Response Theory (IRT) approach that considers item differences and
item discriminants. IRT is a probability model that explains the relationship between a person's response
to an item and the latent variable measured by the test (Hendriani & Septarini, 2016). The Rasch model is
particularly useful for measuring the difficulty level of questions, analyzing the quality of items in an
instrument, assessing student abilities, detecting biased questions, and identifying instances of cheating
in creativity assessment instruments (Rahayu et al., 2021). Compared to other models, the Rasch model
provides superior data measurement and accuracy, fulfilling five key principles: it provides linear data at
equal intervals, predicts missing data, estimates data accurately, detects incorrect models, and produces
replicable data (Planinic et al., 2019; Chan et al., 2021). In Rasch model analysis, item quality is assessed
using the item information function to evaluate the overall quality of the questions and item fit to
determine the quality of each individual question.
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This research builds on previous studies, aiming to further the development of assessment tools for
science process skills. Research by Higde and Aktamis (2022) developed a science process skills test
instrument incorporating STEM, while Mufida et al. (2020) utilized a science process skills test integrated
with Project-Based Learning (PjBL) and STEM. Similarly, Nunaki et al. (2020) integrated their science
process skills test with an inquiry-based learning model. While these studies effectively focused on the
learning models used to enhance science process skills, they did not fully explain the process of
developing the test instruments themselves.

In light of these gaps, this research seeks to provide a detailed explanation of the development
process of a multiple-choice question instrument specifically designed to assess elasticity science process
skills. This study will address two primary questions: 1) What is the validity of the multiple-choice
question instrument for assessing elasticity science process skills? and 2) How does the empirical test of
the multiple-choice question instrument for elasticity science process skills perform based on the Rasch
model? By answering these questions, this research aims to contribute a comprehensive and empirically
validated tool for evaluating science process skills, thereby enhancing the accuracy and reliability of
assessments in this field.

2. METHODS

This research aims to develop multiple-choice questions on the topic of elasticity, with a focus on
validation and empirical testing based on science process skills indicators. This study adopts a
quantitative research approach, utilizing the Rasch model for the analysis of the multiple-choice
questions. The developed instrument comprises 12 multiple-choice questions designed to assess
material elasticity science process skills across five key indicators.

The study subjects included eight practicing teachers who served as validators and a sample of 32
high school students who had previously studied elasticity. The indicators for the developed questions
are detailed in Table 1. Validation and empirical testing were conducted to ensure the reliability and
validity of the assessment tool, providing a robust measure of students' science process skills in the
context of material elasticity.

Table 1. Distribution Questions Based on Indicators Science Process Skills

Indicators Number of Questions
Observations 1,2,3,4

Predictions 5,6

Investigation 7

Data interpretation 8,9,10
Communications 11,12

Two stages of validation were carried out, namely content validation and construct validation
using the Quest software. To validate the questions, an assessor multiple choice questions is needed
which is given to the validator. There are 3 aspects of the assessment with a total of 14 statements given
to the validator. The range of scoring for the content validation stage can be shown in Table 2.

Table 2. Range Validation Categories Item Instrument Content

Range Categories

45.51 -56.00 Very good (no revision)
35.01 -45.50 Good (needs a little revision)
24.51 -35.00 Bad

14.00 — 24.50 Very bad

Then, for sample analysis using Quest software, the analysis variables taken are MNSQ infit,
MNSQ outfit, disc, delta, item differential power, and item difficulty level.

Diki Chen et al. / Evaluating Elasticity-Science Process Skills (E-SPS) in Construction Instrumen through Rasch Modelling



Al-Ishlah: Jurnal Pendidikan,Vol. 16, 2 (June 2024): 1888-1896 1891 of 1896

3. FINDINGS AND DISCUSSION

The results obtained from the research must be supported by sufficient data to ensure their validity
and reliability. The findings should address the research questions or hypotheses stated in the
introduction. In this study, the results of data analysis include both content validation and construct
validation, assisted by the Quest software.

Content validation involved eight practicing teachers as validators. These experts evaluated the
relevance and appropriateness of the multiple-choice questions to ensure they effectively measured the
targeted science process skills in elasticity. The results of this content validation process, as shown in
Table 3, provide detailed insights into the feedback and recommendations from the validators. This
thorough validation process is crucial for establishing the credibility of the instrument.

Construct validation, on the other hand, was conducted using empirical data from a sample of 32
high school students. This stage of validation analyzed the students' responses to the questions,
utilizing the Rasch model to assess the quality and performance of each item. The Quest software
facilitated this analysis by calculating key metrics such as item difficulty, discrimination indices, and
fit statistics. These metrics help determine whether the questions accurately measure the intended
constructs and whether they function consistently across different student populations.

The combination of content and construct validation ensures that the developed multiple-choice
questions are both theoretically sound and empirically robust, providing a reliable tool for assessing
science process skills related to elasticity.

Table 3. Content Validation Results

Validators total score Categories
WDA 56 very good
P 48 very good
S 53 very good
MB 53 very good
SEA 51 very good
SAP 50 very good
Al 48 very good
RA 47 very good

Multiple choice question validation process will be declared complete if the score is in the very
good category. Then, the next process is to carry out an empiricism test which aims to see whether the
questions are appropriate or not, and the results can be seen in Figure 1.

Figure 1. Output Rasch model mapping
A total twelve test items were tested on 32 samples, it was found that there were 10 statements

that met the Rasch model criteria, questions number 1 and 11 did not meet the criteria because the
MNSQ Infit score was not in. In full, the MNSQ Infit value for each item can be shown in Table 4.
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Table 4. MNSQ Infit Values Per Item Questions

Indicator
Item Infit MNSQ Disc Pt biserial Percentage
(key answer) key answer
1 0.00 0.00 0.00 100%
2 0.98 0.37 0.29 37.50%
3 1.03 0.29 -0.06 43.75%
4 0.94 0.41 -0.31 40.62%
5 0.89 0.40 0.40 84.37%
6 0.83 0.53 0.52 25%
7 1.27 -0.05 -0.05 37.50%
8 1.11 -0.11 -0.11 93.75%
9 1.25 -0.04 -0.04 59.37%
10 1.02 0.31 0.31 53.12%
11 0.70 0.73 0.72 56.25%
12 0.96 0.39 0.39 53.12%

From Table 4, the MNSQ Infit value shows the suitability of the analysis with the Rasch model.
Items 1 and 11 do not meet the criteria of the Rasch model so it can be concluded that there are only 10
questions that are appropriate to use. The point-biserial value indicates the differentiability of the items.

Then other analyzes raised by the Quest software can be seen in Figure 2.
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Figure 2. Output data analysis using Quest

The first item was answered correctly by all students so there was no analysis on the pictures. Then
the MNSQ outfit value is accepted if 0.5 < MNSQ < 1.5, from the picture it can be seen that only the first
and eleventh questions do not meet the criteria. Outfit t value < 2.00 indicates that the sample fits the
Rasch model, otherwise if Outfit t > 2.00 then it does not fit the Rasch model.
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Figure 3. Output of difficulty level of the questions

Figure 3 shows the difficulty level of the questions, from easiest to most difficult. The minus sign
indicates that the questions are relatively easy, whereas items 5 and 8 are relatively easy. Then, item 6
is a question that is very difficult for students to answer, followed by items 2 and 7, which have the
same difficulty. Then a complete analysis of student abilities can be seen in Figure 4.

NAME |SCORE MAXSCR | ESTIMATE ERROR | INFIT OUTFT INFT  OUTFT
| | | MNsQ MNsQ  t t

1 se1 5 11 .29 .66 .98 85 -.86 -.19
2 582 7 1 .73 .67 1.87 94 .48 .13
3 583 7 1 .73 .67 .95 82 -.16 -.87
4 se4 4 11 -.61 .78 .83 75 -.42  -.35
5 585 31 -1.14 .76 1.24 1.28 .63 .61
6 586 6 11 .29 .66 .76 67 -1.22 -.51
7 se7 8 11 1.20 71 .98 77 .83 -.e2
8 588 4 11 -.61 .78 .68 57 -.96 -.78
9 se9 5 11 -.14 .67 1.12 1.81 .54 .20
10 s10 4 11 -.61 .78 1.22  1.14 .71 .44
11 S11 7 1 .73 .67 1.86 94 .33 812
12 s12 7 1 .73 .67 1.23  3.51 1.88 2.68
13 S13 6 11 .29 .66 .88 77 .52 -.27
14 514 5 11 -.14 .67 1.86 97 .38 .18
15 515 4 11 -.61 .79 .81 .79 -.47 .25
16 516 8 11 1.20 .71 .71 56 -.99 -.36
17 s17 5 11 -.14 .67 1.4 1.88 .23 .32
18 518 9 1 1.78 .81 1.15  1.13 45 .48
19 519 5 11 -.14 .67 1.37  1.35 1.3 .58
20 520 6 11 29 .66 1.48 2.81 2.12 2.43
21 s21 4 11 -.61 .78 .81 79 -.47 -.25
22 522 5 11 -.14 .67 .81 .72 -.79  -.a4
23 523 7 1 73 .67 .83 .71 -.78  -.28
24 524 7 1 73 .67 1.21 1.88 99 .34
25 525 7 1 73 &7 .89 .76  -.44  -.18
26 526 4 11 -.61 70 1.85 .99 25 -.83
27 s27 5 11 29 66 1.7 1.26 41 63
28 S28 9 11 1.78 81 1.15  1.13 46 48
29 529 4 11 61 78 .83 .75 -.42  -.35
3@ s3e 7 1 73 67 1.84 .89 24 @5
31 531 5 11 29 66 .73 .64 -1.48 -.57
32 s32 5 11 -.14 &7 .91 .81 -.29  -.24
Mean | | .23 | 1.0 1.84 .84 .15
sD | | .72 | .20 .60 .77 .73

Figure 4. Output analysis of students' abilities

Figure 4 shows an analysis of students' abilities based on the number of samples studied, there are
various kinds of analysis displayed, such as ability estimation, total number of questions answered
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correctly, and so on. Content validation and construct validation are needed to validate the questions
made. Content validation is used to assess the content of both the material and the grammar used.
Validators are needed who are experts in the field of education, such as lecturers or practitioners such
as teachers/educators. Eight validators were used to assess the material elasticity science process skills
multiple choice questions. The end result showed that the set of questions proposed was valid and
ready to be tested for construct validity.

Construct validity is a picture that shows the extent to which the measuring multiple choice
questions shows results that are in accordance with the theory. The process of testing construct validity
is to link the measuring multiple choice questions with other measuring that have the same concept or
with other measuring instruments that are theoretically related to it. There is a model that must be used
when validating questions constructively. One of the data analysis techniques that can be used is the
Rasch model. This model is a modern assessment theory that can group research instruments and
subjects in a distribution map (Alavi et al., 2020). The Rasch model is a method that uses one parameter
to reflect the test taker's abilities. Quest is one of the applications used to implement this model.
Analysis using the Rasch model is relatively easy but produces accurate results. The Rasch model
examines a test taker's probability of answering correctly on a test item with a dichotomous structure,
by comparing the participant's ability with the item's level of difficulty (Nur et al., 2020; Darmana et
al., 2021). For example, a participant has a 50% probability of answering an item correctly if the
participant's ability is equivalent to the difficulty of the item. The suitability of the item analysis for the
Rasch model this research can be seen in Figure 1, if the MNSQ infit value is in the range of 0.77 to 1.30,
it can be said that the item is in accordance with the Rasch model. There are 10 questions that match
the Rasch model, while the rest are not suitable because the scores do not meet the criteria. Then Table
2 shows some of the outputs of the analysis for each item, point-biserial shows the differential power
of the correct answer choices selected, while the percentage of students choosing the correct option is
lowest in question 6, namely 25% of the total 32 samples. Meanwhile, all students answered the first
item correctly.

Other analyses can be seen in Figures 2 and 3, showing how many students answered the questions
given correctly. The maximum score was obtained in the first question, where 100% of students
answered correctly and the sixth question was the most difficult because only 8 out of 32 of the total
sample answered. Figure 4 shows a complete analysis of student abilities, if the estimated error value
is above 1.0 then the student is categorized as having high ability, the value —1,0 < ER < 1,0 then the
student is categorized as having medium ability, and if the estimate error value is below 1.0 then the
student is categorized as low ability. In general, there is only one student who has low ability, 4 students
who have high ability, and the remaining 27 students are categorized as having medium ability. This
shows that more or less the sample studied already has good abilities, but it should be noted that there
was one student who only answered 4 questions correctly out of a total of 12 questions. Guidance from
educators is needed so that these students can improve their abilities. Ways to do this include including
these students in groups that adequately understand the material (van de Grift et al., 2019; Yang et al.,
2020). The hope is that in the post-test after the practicum, the student will develop significantly in his
abilities.

An innovative approach was taken in the development of this multiple-choice instrument, which
combines interactive elements and real-world context to measure science process skills in a more
holistic and in-depth manner. In contrast to conventional instruments, this instrument emphasizes the
use of simulations, case-based questions, or virtual experiments that allow students to interact directly
with the lesson material. Additionally, the integration of real-world context in the questions provides
students with more interesting and relevant challenges, creating a dynamic and motivating learning
environment (Chang et al., 2020; Ningtyas & Asri., 2021). Through this approach, this multiple-choice
instrument aims to not only measure students' factual knowledge, but also encourage the development
of analytical, problem-solving and critical thinking skills required in the scientific process. Thus, this
instrument enriches students' learning experiences and increases the validity of measurements in
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measuring science process skills as a whole. In addition, this research can also be used as a literature
reference for other researchers who will do the same thing. But on the other hand, there are some
drawbacks of this research which can be used as suggestions for the development of further research.
This research only explains the values/numbers obtained from the Quest analysis, which means that
the research is of a quantitative type. For further development, it can be carried out based on an existing
development model. This can cover the shortcomings of this research, which does not explain the stages
of development scientifically.

4. CONCLUSION

Based on eight practitioners who were asked as validators, 12 questions were valid. In the
construct validation, only 10 items were found that met the Rasch model criteria. Implications of this
research are very significant in the educational context. The development of multiple-choice
instruments that are more interactive and relevant to the real world can increase the effectiveness of
evaluation of students' science process skills. With this approach, teachers can better measure students'
analytical, problem-solving and creativity abilities in dealing with real situations. However, some
weaknesses also need to be acknowledged. One is the possible difficulty in developing adequate
questions with real-world contexts that are appropriate for all science topics. Additionally, significant
time and effort is required to design questions that are interactive and varied. Recommendations for
further research are to dig deeper into the integration of technology in instrument development, such
as the use of applications or online platforms that enable the development and assessment of questions
more efficiently. In addition, there needs to be collaboration between teachers, researchers and
instrument developers to ensure that the questions developed are in accordance with the curriculum
and learning objectives set. By addressing these weaknesses and following these recommendations, the
development of multiple-choice instruments can be more effective in improving the measurement of
students' science process skills.
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