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ABSTRACT

Assessment in the form of an instrument is very important to test for validity
and reliability so that it can measure student learning outcomes. We
implemented a measurement instrument designed to assess students'
understanding of elasticity. The measurement instrument consisted of 15
items. The instrument was administered to students who were taking physics
subjects in senior high school in their second year. In total, 74 students were
taken from two classes in Padang, Indonesia. In this study, the students'
performance was collected as quantitative data and evaluated using the Rasch
model. The results showed that the data matched the Rasch model
measurements. Moreover, female students answered 53% of the questions
better than male students. Furthermore, the DIF plot shows that S8 is the most
difficult problem, while S14 is the easiest. There are two gender bias
questions, namely S12 and S14. Both questions were easily solved by female
students. However, all questions can be used to measure students' abilities in
elasticity and Hooke's law. This study seeks to make a contribution to the
literature on EMCI evaluations by offering a case study for academics and
researchers to use in assessing students' elasticity skills.
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INTRODUCTION

Elasticity concepts are an essential
element of the physics education program's
physics subject fundamental. Learning the
notion of elasticity is critical for pupils
(Vazquez-Bernal & Jiménez-Pérez, 2023).
Hooke's law, based on Silva et al., (2019), is
an excellent technique to expose secondary
school pupils to investigative procedures
appropriate to PISA level 6. Elasticity is also
linked to biological concerns such as DNA
bending. Mierke (2020) explains that spring
simulations are applied to demonstrate how a
spring may operate on mechanical processes
such as DNA bending and membrane
fluctuations at cell surfaces.

One type of assessment to measure
students' mastery of the concept of elasticity
is multiple-choice questions. Multiple-choice
tests are a popular final assessment tool in
teaching (Dziob, 2020; Gamage et al., 2022;
Podschuweit & Bernholt, 2018). They
usually ask pupils to choose the best answer
froma list of available options (Carotenuto et
al., 2021; Kashihara & Fukaya, 2022; Taber,
2018). This usually indicates that there will
be one correct answer among two, three, or
four possibilities, meanwhile, variants might
include choosing the best-possible answer or
several potential replies  ("multiple-
response™). Multiple-choice questions can
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be employed in the preliminary (formative)
and final (summative) examinations.
Multiple-choice tests are frequently
utilized for educational purposes as an
evaluation technique (McKenna, 2019;
Susanti et al., 2018; Wammes et al., 2022).
How extensively and in which circumstances
this occurs cannot be determined with any
degree of certainty. It is a commonly
employed type of evaluation globally and
ubiquitous (Khan & Krell, 2019; McKenna,
2019). Although not as useful for humanities
topics, multiple-choice tests are regularly
used in a variety of STEM subjects, including
the area in which this study's experiment is
organized, computational science, and by
expert, statutory, and regulatory bodies,
including those in critical fields such as
health, law, and finances (Borda et al., 2020;
Brassil & Couch, 2019; McKenna,
2019). They often save staff time in terms of
labeling, moderating, and offering feedback
because they may be marked instantly - and,
in theory, objectively (Grover & Wright,
2023; McKenna, 2019). This implies that
multiple-choice questions can help teachers
verify students' answers faster because they
only select one answer that they believe is
accurate (Schwarz, 2023; Van et al., 2023).
The multiple-choice questions generated in
this study are utilized for assessing how well
learners perform at the end of the class,
which is known as summative evaluation.
The Rasch model may be used to assess
the reliability and validity of multiple-choice
tests. The Rasch model was developed as part
of a wider set of measuring tools known as
item response theory, and it has been widely
utilized in educational research to assess
psychometric data (Chan et al., 2021;
Heritage et al., 2023; Wind et al., 2019).
Rasch model analysis has proven to be a
powerful approach for assessing
psychometric  features and removing
response bias (Chan et al., 2021; Ha, 2021).
The Rasch model's psychometric analysis
techniqgue might have been employed to
generate test items and functioned as an
important tool in the learning evaluation

(Chan et al., 2021; Rodriguez-Mora et al.,
2022). The results of the Rasch model using
the logit ruler met Mok and Wright's five
measurement standards for human research,
which are as follows: (a) yielding a straight-
line measure; (b) overcoming incomplete
data; (c) providing an accurate estimate; (d)
detecting outliers or misfits; and (e)
reproducibility (Chan et al., 2021). The
Rasch model is used in this investigation
because it reflects a person's measures on the
same scale, independent of the participants’
test (Al-Owidha, 2018; Chan et al., 2021).
Human and object traits were used to
evaluate estimations of latent qualities. The
Rasch model might be used to analyze
students' exam success rates depending on
the difficulty level of the substances and their
level of competence (Chan et al., 2021).
Based on the studies mentioned
previously, the purpose of this study is to test
the validity, and reliability of a newly created
elasticity  multiple  choice instrument
(EMCI). A wvalid test can measure the
material that students must measure (Henry
etal., 2021; Larrain & Kaiser, 2022) Reliable
questions are shown by consistent student
test results from time to time (Pedaste et al.,
2021) The instruments that have been
developed need to be examined to determine
whether they are valid or not and whether
they are reliable or not by using Rasch
modeling, the results of the analysis will be
deeper and more detailed, researchers
Hasanah and Purwanto (2023) tested the
validity and reliability of the Rasch model on
elasticity. However, researchers have not
revealed whether there is gender bias or not.
Previous research revealed that multiple-
choice questions in physics material
experienced gender bias (Gladys et al.,
2023). To prove the results of this research,
we formulated two research questions:
RQ1: To what extent does the data that was
gathered from senior high school pupils suit
the Rasch model?
RQ2: Is there a gender bias in the questions
that have been developed?
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METHODS
Procedure

The EMCI applied to this investigation
was derived from prior work Suwono et al.
(2021). The purpose of this study is to create
a diagnostic test instrument for pre-service
teachers' misunderstandings regarding cell
biology. Suwono et al. (2021) developed the
instrument based on Treagust (1988)
instrument  development. The EMCI

development steps can be seen in Figure 1.
” ™)
Analyzing learning outcomes
and concept limitation of
elasticity

Step 1

Identifying the proportion of
elasticity

Step 2

Developing Multiple-Choice
Tests

Step 3

Collecting Data

Analyzing Data

Figure 1. Procedure of development EMCI

Analyzing learning outcomes and concept
The core competency of the elasticity
topic is analyzing the elastic properties of
materials in everyday life. The learning
objectives were developed into 31 learning
objectives based on core competencies,
textbooks, and the physics syllabus.

Identifying the proportion of elasticity

The learning objectives that had been
developed in the initial stage were reduced to
12 items based on suggestions from the
lecturer. The sub-concepts assessed are the
definition of elasticity (1 item), strain and
stress (1 item), Young's modulus (3 items),
Hooke's law (3 items), the arrangement of

springs (5 items), and the application of
elasticity in human life (2 items).

Developing  Elasticity
Instrument (EMCI)

The measuring apparatus has 15
questions. In summary, when constructing
the instrument, the researcher constructed
physics-content themes incorporating the
elasticity idea depending on the aim of the
study. Each item addressed one of the
elasticity concepts. For example, given a
picture, students are asked to interpret the
graph of the force relationship with the
displacement of length. Students were asked
to select only one choice from a list of four.
The EMCI component of the instrument was
scored in two ways.

The instrument developed consisted of 15
multiple-choice questions. Students have
been taught elasticity material before
working on the problem. The following
details the questions depicted in Table 1.

Multiple-Choice

Table 1. Detail of EMCI

Items Core of question

1 Calculate the magnitude of the strain

2 Calculate the young's modulus

3 Summarize the data in the experimental
results table

4 Calculate the magnitude of the spring
constant

5 Determine the force graph with the increase
in length that has the minimum elasticity
constant

6 Sort the images with the spring replacement
constant from largest to smallest

7 Complementing the unknown constant
values in the figure

8 Determine the load ratio on the spring
circuit so that it produces the same increase
in length if it is arranged in series and
parallel

9 Determine the length of the shortened
spring

10  Calculate the increase in spring length from
the experimental data

11  Calculate the potential energy of the spring

12 Complete the empty data in the table

13  Calculating the average spring constant
from the experimental table

14 Calculate the amount of stress on the rubber

15  Calculate the magnitude of the steel strain
from the table
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Collecting Data

The instrument was distributed to senior
high school pupils participating in the study.
In total, 74 students (29 males, and 45
females) were taken from 2 classes, in
Padang, Indonesia. Participant students had
taken elasticity about 3 weeks before being
given tests. Due to the new normal
conditions, the instrument is distributed
online via Google Forms. Participant
students are given 90 minutes to complete all
of these items.

Analyzing Data

The portion of credit The Rasch Model
parameterizes the component challenges of
each item's separate "steps” Masters in Park
and Liu (2021), allowing researchers to
accommodate the possibility of varied
numbers of response possibilities for
different items Bond & Fox in Park and Liu
(2021). Below is a diagram of the Rasch
partial credit model.

P
In ( mik/fy _ Pnik) =B, =Dy (1)

For item and person measurements, the
Rasch model employs the logit scale,
yielding equal-interval linear data for
parametric statistical testing. This linear
measure corresponds better with the main
hypotheses of the tests and is used to evaluate
item difficulty and student ability based on
the data set.

RESULTS AND DISCUSSION

In the present study, the Rasch model was
used to validate the EMCI leveraging
quantitative data. Rasch models, which are
part of IRT, are frequently employed in
educational research to assess psychometric
data because they reliably represent measures
on the same scale (Khine, 2020). The results
of the study will show if the data matches the
Rasch model measurements, explore the
capability of EMCI among high school
students, and decide whether to add tests
whose aim varies depending on the student'’s

gender. The consequences of these factors
are discussed in the next part.
RQ1: To what extent does the data that
was gathered from senior high school
pupils suit the Rasch model?

The EMCI's fit validity was used to
evaluate its content validity. Rasch item-fit
statistics were used to assess how well an
item fitted the model and suited the concept
of one feature (Chan et al., 2021). Infit
MNSQ (mean-square) and Outfit MNSQ
(mean-square) fit indices were examined for
EMCI. The Outfit MNSQ of the EMCI item
mean was 1.00, as shown in Table 2, which
was a reasonable value within the
recommended range of 0.5 to 1.5 (Akhtar &
Sumintono, 2023; Chan et al, 2021).
Furthermore, the internal consistency of the
students' test responses was evaluated using
Cronbach’s alpha (KR-20) person raw score
test reliability (Chan et al., 2021). The
EMCI's Cronbach's alpha was 0.64, which
was deemed adequate (Chan et al., 2021). In
addition, Akhtar and Sumintono (2023)
calculated that the raw variance explained by
measures was 34.5%, which was higher than
the 20% threshold. Consequently, the items
were useful for measuring and producing a
reasonable forecast.

If identical items were provided to a
separate sample of people with the same
skills, the item dependability index assessed
the repeatability of item position within an
item organization as well as the measured
parameter (Chan et al., 2021). Table 2
indicates that the EMCI had a very reliable
item dependability value of 0.95, an item
separation or dispersion of items combined
with the measured variable (Chan et al.,
2021). Because it was greater than three, or
4.20, the EMCI had adequate dispersion.
Table 1 shows that the item's mean measure
(logit) is 0.00 logit and the standard deviation
is more than one logit (1.38), showing a
highly large dispersion of measures in item
difficulty level over the logit scale. This
suggests that the instrument can assess a
larger variety of pupil abilities in the setting
of EMCI.
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Table 2. Person and item statistics

Person Item
N 74 15
Logit (L)
M 0.57 0.00
StDev 1.16 1.38
SE 0.14 0.37
Outfit Mean-Square (OMS)
M 1.00 1.00
StDev 0.61 0.39
Separation (S) 1.42 4.20
Reliability (R) 0.67 0.95
Cronbach’s Alpha (CA) 0.64
Measures explain raw 34.5%
variance

The person dependability index, on the
contrary, was an assessment of the
replication of person placement that might be
expected if a particular group of individuals
were given an additional set of relevant items
assessing an identical construct (Chan et al.,
2021). In Table 2, the person dependability
for EMCI was 0.67, which was weak (Chan
et al., 2021). A person separation index
calculates the separation or dispersion among
individuals on a given variable (Chan et al.,
2021). For EMCI, the value of person
separation was larger than one, i.e., 1.42,
exhibiting that the samples were sufficient to
identify a person’s ability (Chan et al., 2021).
The person logit mean was +0.57 logit,
indicating that every participant performed
better than average (better than item mean)
on the EMCI. It has a standard deviation of
1.16, indicating a significant level of ability
dispersion across the students.

To assess item compatibility, the values of
Outfit MNSQ, Outfit ZSTD, and Pt-Measure
Corr were used for each item. A range of 0.5
to 1.5 for the item and person's Outfit in the
MNSQ showed a satisfactory fit of the data
to the model. The Outfit ZSTD value should
be in the -2.0 to 2.0 range to show that the
components were somewhat predictable. To
test whether all of the components were
performing properly, the Pt-measure corr
was used. To show that the items were
somewhat predictable, the Pt-measure corr
number should be between -4.0 and 0.85.

Despite this, Q11 was consistently beyond
the range of Outfit MNSQ in Table 3,

although QOutfit ZTSD and Pt-Measure Corr
remained within acceptable ranges. The
QOutfit ZSTD and Outfit MNSQ values for
items Q5 and Q6 were out of range, while the
Pt-Measure Corr values were in range. As a
consequence, all of these objects were saved
and did not need to be discarded. When three
standards (Outfit MNSQ, Outfit ZSTD, and
Pt-Measure) are not met, the item is deemed
unfit. However, if only one or two criteria are
not met, the object can still be used for
evaluation. The test had fifteen items in
all. In summary, the Rasch model
measurement was appropriate for the entire
data set collected from senior high school
students.

Rasch model also has the advantage of
providing useful information on item fit
quality. Item fit indicates whether or not the
item performs measurements normally.
Table 3 contains the findings of the item fit
analysis.

Table 3. Item-fit analysis

Ques | .. Infit Outfit Outfit Mgsi;re
Tions M MNSQ MNSQ zSTD P

S1 0.72 090 083 -091 0.48
22 111 1.02 095 -015 0.36
S3 -1.71 1.02 112 041 0.44
S4 -1.57 066 052 -1.30 0.69
S5 0.72 112 193 394 0.25
S6 0.91 120 151 223 0.20
S7 1.31 099 116 0.68 0.35
S8 2.78 090 075 -0.34 0.33
S9 0.52 116 118 1.00 0.29
S10  -0.86 1.05 103 0.19 0.43
S11  -2.46 071 032 -1.24 0.63
S12 0.59 093 085 -0.79 0.47
S13 -0.10 099 126 1.35 0.43
S14  -171 087 059 -0.95 0.58
S15  -0.25 099 100 0.05 0.45

On the same logit scale, the Wright Map
in Fig. 1 displays the distribution of item
difficulty and student competencies. The
item complexity was displayed on the right
side of the Wright Map, while the pupils'
abilities were displayed on the left. The
greater the logit, the harder the objects and
the pupils' abilities. Lower logits provide
simpler challenges for students with lower
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abilities. Figure 1. Item S8 was the most
difficult to indicate, while item S11 was the
easiest to demonstrate. Although, a student
had the greatest ability: 44. Student 01 had
the lowest ability level among the 74
students. Six items, namely S1, S2, S5, S6,
S7, and S8, were tough for the pupils since
their difficulty levels were higher than the
person's average. There were three pairing of
items with the same difficulty, namely S1
with S5, S9 with S12. It signifies that the
chances of successfully answering these
questions are less than 50%.

Figure 1. illustrates the results of the
Rasch model investigation as a Wright Map.
Students can be classified into three groups

MEASURE
4

10 14 15 21 25 30 40 52 54 57

1 16 22 31 32 33 38 41 46 47 48 55 59 66 71 +

05 07 08 12 17 20 42

based on the Wright Map: high, medium, and
low. Students in the high group are those who
can answer tough questions or have a large
logit score of +2. There were two pupils (S44
and S69) in the group of kids with high
talents who were able to work on the most
challenging S8 questions. Students in the
medium group are those who can answer
problems of moderate difficulty or who have
a logit value greater than -2 but less than +2.
Students with moderate abilities account for
up to 92% of all students. Students in the low
category can only answer questions
categorized as very easy to answer or have a
logit value less than -2. Four pupils make up
the group with the lowest category.

Person - MAP - Item
<more>|<rare>
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Figure 2. The Wright Map
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Figure 3. Level of items difficulty
The Wright Map analysis is also Two questions are answered as long as

supported by the item difficulty plot in Figure
2. The Wright Map (named after its
developer, Benjamin  Wright), is a
comprehensive person-item (Dahl et al.,
2023; Kabic & Alexandrowicz, 2023). The
largest circle is indicated by a question on
number 11 (S11) which has a smaller logit
value of -2. This question is in the category
of the easiest questions to work on because
only one student is unable to do it. Then
followed by questions number 14 and 3
which have the same level of difficulty. The
most difficult questions are on the top axis
(S8) with logic scores greater than +2. This
result is consistent with the findings of
Hasanah and Purwanto (2023) and Diantoro
et al. (2020) who discovered that students
were unable to complete spring arrangement
analysis problems. Students struggle to grasp
the concept of springs, particularly springs
coupled in series and parallel. Tumanggor et
al. (2020) discovered that 58.3% of people
had misunderstandings regarding assessing
spring constants with various spring loads.

you guess, indicated by a circle in the
underfit area, namely S6. Several questions
have the same level of difficulty; S1 with S5,
S9 with S9, and S3 with S14. Probability 23,
26, and 27 answered question S11 correctly
50% but certainly, S1 cannot answer the
question correctly. There are 50% of students
whose abilities are above average so that they
can answer S1, S2, S5, 6, S7, S9, and twelve
questions but are not necessarily correct
about S8 questions. It is possible that student
44 can answer all the questions correctly
because his ability is already above the
second standard deviation.

RQ2: Is there a gender bias in the
questions that have been developed?

Gender bias in test item responses was
investigated  using  Differential  Item
Functioning (DIF) analysis (Figure 2). The t
value of a DIF item was less than -2.0 or
higher than 2.0, the DIF contrast value was
less than -0.5 or greater than 0.5, and the p
(probability) value was lower than 0.05 or
higher than -0.05.
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Figure 4. Person DIF plot (Blue: Female
and Orange: Male)

The graph shows a curve that is close to
the upper limit (as in the S8 question),
indicating that S8 has a high level of
difficulty, while the curve below, namely
S14, shows easy questions. Item S18 asks
students to determine the load ratio on a
spring circuit so that it produces the same
increase in length if it is arranged in series
and parallel. Question S14 is the easiest
question that can be answered by gender,
such as calculating rubber tension. Graph 4
shows that male students excel in solving
questions S1, S6, S7, S8, S10, and S15
(40%). Excellent female students solve
questions S2, S4, S12, and S14 (27%). Five
questions can be answered by both male and
female students, namely S3, S5, S9, S11, and
S13 (33%)

S12 and S14 are the two questions that
include prejudice (DIF). Female pupils find it
simpler to answer these two questions. This
study's findings are consistent with Gladys et
al. (2023) findings on gender bias in first-
year multiple-choice physics tests. In their
research, of the two multiple-choice
questions tested, there were two that were
biased towards female students. These
questions are categorized as multiple-choice
guestions with a number (N), equations (E),
concept (C), image (1), and visualization (V)
scheme. The findings of this research also
show that question S12 contains the

characteristics of the number (N), equation
(E), concept (C), and image (I) schemes,
question S14 contains the characteristics of
the number (N), equation (E), and concept
(C) schemes. These findings can be a
reference for future teachers and researchers
to develop effective  multiple-choice
questions without gender bias. Based on
Hedgeland et al. (2018), there is a modest
male bias for multiple-choice questions,
although the difference is not statistically
significant. In other words, Hedgeland stated
that there was just a hazy indication that
men's scores improved as compared to
women's when doing multiple-choice
questions for the final exam. According to
Chen et al, (2020), multiple choice provides
an effective alternative method for assessors.
Because multiple choice significantly
increases the efficiency of assessment.

CONCLUSION AND SUGGESTION
This study was conducted on 74 pupils
from a senior high school in Padang City.
The findings of question one of the research
revealed that the data from this study, which
employed the Rasch model of measuring as
the EMCI, were appropriate for outstanding
measurement and productive for
measurement. They were also quite reliable,
with no signs of wunder- or over-
predictability. In terms of research question
number two, female students answered 53%
of the questions better than male students.
Furthermore, the DIF plot shows that S8 is
the most difficult problem, while S14 is the
easiest. There are two gender bias questions,
namely S12 and S14. Both questions were
easily solved by female students. However,
all questions can be used to measure students'
abilities in elasticity and Hooke's law. This
work contributes to the field of physics
assessments by confirming the EMCI using
psychometric analysis and Rasch model
measurement. This paper addresses a gap in
the EMCI literature by providing further
validation of EMCI. It also helps researchers
and educators confidently employ EMCI in
schools. This study will help academics and
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scholars examine the capacities of EMCI in
students. It provides useful information on
gender differences in learning about EMCI.
The data gathered will aid researchers and
teachers in revising EMCI and establishing
additional evaluations. The effects of this
study have implications for actual data on the
use of EMCI assessments in secondary
schools.
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