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because it provides an in-depth analysis of item characteristics, respondents' abilities, and
allows the identification of imprecise or biased items. Although the theoretical background
is presented briefly due to the methodological focus of this study, previous studies have
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Instrument primarily emphasized improving CTS through learning interventions rather than developing
Rasch model standardized measurement instruments. The research method used is quantitative with a
Static fluid descriptive design using Win steps 3.73 software for data analysis. The sample consisted of

215 high school students in grades XI and XII majoring in science, consisting of 120 female
students and 95 male students in West Java. The results of the study showed that the test
instrument had high reliability with an individual reliability of 0.73 and an item reliability of
0.92, as well as good internal consistency with a Cronbach's Alpha of 0.78. The validity of
this instrument also met the acceptance criteria of the Rasch model, with MNSQ infit and
MNSQ outfit values ranging from 0.5 to 1.5, indicating acceptable model fit. Therefore, the
CTS test instrument is suitable for use in high school physics education. This study
contributes to addressing the limited availability of validated CTSCTS instruments
specifically designed for static fluid material at the high school level using Rasch analysis.
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1. Introduction

21st-century skills are essential for science learning today. One of the necessary skills is critical
thinking. Critical thinking is a reflective and rational way of thinking that focuses on decisions about
what to believe or do (Ennis, 2023; Skjglberg et al., 2023; Wilson, 2024). Additionally, critical
thinking is a structured and disciplined process of actively and skillfully conceptualizing, applying,
analyzing, synthesizing, and evaluating information gathered through observation, experience,
reflection, reasoning, or communication as a guide for beliefs and actions (Paul & Elder, 2020;
Irwanto, 2023; Kelsey & Starzec, 2024). This skill helps produce effective and targeted decisions or
understanding (Halpern, 2014; Swiecki et al, 2019; Turan, 2019; Scott et al, 2021). Previous
research indicates that many physics teachers have not effectively integrated learning strategies to
develop students' critical thinking skills and abilities (Prafitasari et al.,, 2021; Pereira et al,, 2023;
Almeddine & Bashir, 2024). Based on a literature synthesis on 21st-century skills such as critical
thinking, there remains a lack of research focusing on these skills in the context of physics (Tiruneh
etal, 2017; Lei & Kathleen, 2019; Jamil et al., 2024).

The improvement of students' critical thinking skills must be continuously assessed as an
indicator of success in the teaching process and as a basis for reflection to improve the quality of the
learning process. One method for assessing critical thinking skills is through testing. To obtain data
on critical thinking skills, a high-quality instrument is required. Many existing instruments are often
not thoroughly tested for validity and reliability, resulting in inaccurate and unreliable evaluation
outcomes (Amirzadeh et al., 2024). The Rasch model is more recommended for use in determining
the quality of a test instrument (Dijkers & Millis, 2020; Killip et al.,, 2022; Mukhibin, et al., 2024). The
Rasch model is part of Iltem Response Theory, which is included in Modern Test Theory or Latent
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Trait Theory. This theory is designed to measure latent psychological or educational attributes, such
as critical thinking skills. Unlike Classical Test Theory, Modern Test Theory allows for the separation
of test takers' abilities (latent traits) from item characteristics, thereby producing more objective,
accurate, and invariant measurements across samples and testing instruments (van der Linden,
2018; Wilson, 2023; Embretson & Reise, 2025).). The Rash Model uses a one-parameter approach
(IPL) focused on the difficulty level of test items and allows for the evaluation of the fit between
empirical data and the theoretical model (fit statistics) as well as the detection of potentially biased
items. Meanwhile, Classical Test Theory (CTT) has several fundamental weaknesses, such as the
dependence of reliability and validity estimates on each item (Bichi & Talib, 2018; Stemler & Naples,
2021; Fergadiotis et al.,, 2023). Additionally, CTT assumes that all items contribute equally to the total
score, meaning it does not accurately reflect the reality of measuring critical thinking skills.
Therefore, the use of the Rasch Model is more suitable for developing modern instruments such as
critical thinking skills and physics lessons.

The Rasch model is capable of producing objective and independent measurements from both
samples and items, exchanging raw scores into a linear scale that is easy to interpret, and assisting
in validating and improving instruments through the detection of unsuitable items (Wind & Hua,
2022; Yidirim Hos, H., & Uysal Sarag, M, 2023). The Rasch model provides researchers with the
opportunity to conduct more in-depth and comprehensive analyses, including detecting items that
are inappropriate or biased, as well as evaluating the internal consistency of an instrument (Planinic
et al,, 2019; Samsudin et al,, 2021; Liu et al,, 2023). Therefore, the application of this model can
improve the accuracy and reliability of evaluation results while providing a better understanding of
the instrument's performance across various contexts.

The comprehensive use of the Rasch Model, which serves not only to evaluate but also to
improve the quality of assessment instruments (Setyawarno et al., 2025). The results of this study
contribute significantly to physics education by providing more accurate and reliable evaluation
instruments to measure students' critical thinking skills. It can make a significant contribution to the
field of physics education by providing more accurate and reliable evaluation tools to measure
students' reflective thinking abilities. This study aims to analyze the use of the Rasch Model in the
development of instruments for measuring critical thinking skills in static fluid physics material. The
purpose of this study is to analyze the use of the Rasch Model in the development of instruments for
measuring critical thinking skills in static fluid physics material.

The selection of static fluid material in this study has strong scientific urgency. Concepts in static
fluids such as hydrostatic pressure, Pascal's principle, and Archimedes' principle are abstract physics
concepts (Loverude etal., 2003; Kaltakci-Gurel et al., 2017). A lack of understanding of these concepts
can directly impact students' critical thinking skills in solving problems related to static fluid
phenomena (Wieman & Holmes, 2015; Setiawan & Faoziyah, 2020). The urgency of selecting this
topic in this study is also reinforced by previous research discussing the development of CTS in
physics lessons. The problem-solving-based teaching approach to improve CTS is general in the
context of science (Tiruneh et al, 2017). Additionally, the inquiry-discovery learning model
significantly improves students’ critical thinking skills in physics compared to conventional methods,
by inspiring independent problem-solving, deeper understanding, improved cognitive performance,
and reduced misconceptions, particularly in static fluid material (Hudha & Batlolona, 2017). CTS is
also important in physics learning for problem-solving and concept understanding, as guided inquiry
learning encourages students to analyze, synthesize, and evaluate information, thus enhancing their
understanding and application of physics principles (Maknun, 2020).

The difference between this study and previous studies is that it focuses on developing CTS
instruments for static fluid material using Rasch analysis. While previous studies generally focused
on improving CTS through the application of specific learning models, this study emphasizes the
development of standardized measurement instruments (Putra et al.,, 2023; Ismail et al., 2022). The
novelty of this study lies in the application of the Rasch Model to the development and analysis of
CTS test items, which allows for a more objective and comprehensive evaluation of validity,
reliability, item difficulty, and student ability distribution. Furthermore, this study addresses the
limited availability of CTS instruments specifically designed for static fluids at the high school level
and systematically validated using Rasch analysis.
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Based on the objectives of the study and comparison with previous studies, the formulation of
the research questions includes: 1) To what extent does the critical thinking skills test instrument on
statistical fluid material meet the validity and reliability criteria based on the Rasch Model analysis?,
2) How can the application of the Rasch Model improve the quality of students’ critical thinking skills
test instruments on statistical fluid material in physics lessons?, 3) How does the Rasch Model
analysis identify potentially biased items in the test instrument?.

2. Method

This study uses quantitative methods and descriptive design to determine students' critical
thinking skills in learning Physics. This method systematically alanyzes data by measuring students’
abilities and skills using structured instruments (Creswell, 2014; Worachak et al,, 2023; Juandi et al,,
2024). The instrument consisted of 20 multiple-choice items covering five CTS indicators: Basic
Clarification (BCL), Decision Basis (TBD), Inference (INF), Advanced Clarification (ACL), and
Conjecture and Integration (SIN). All items were scored dichotomously, with 1 for a correct answer
and 0 for an incorrect answer.

Content validity was established through expert assessment involving physics education
experts who evaluated items for relevance, indicator alignment, and language clarity. Based on their
suggestions, several items were revised to improve clarity and contextual accuracy before
administration. A pilot test was also conducted, and items that did not meet the criteria were revised
or removed before final data collection.

Data analysis was conducted using Winsteps 3.73 software based on the Rasch model. This
model was chosen because it provides a comprehensive analysis of item characteristics, respondent
abilities, and allows for the detection of inappropriate or biased items (Boone, Staver, & Yale, 2014;
Natanael et al.,, 2023). The analysis included item reliability, person reliability, Cronbach’s Alpha,
item fit statistics (infit and outfit MNSQ), estimation of respondent ability, and Differential Item
Functioning (DIF).

The population in this study were high school students in grades XI and XII of science
specialization in West Java. The sample was selected using random sampling technique to ensure
data representation in the population (Taherdoost, 2016; Etikan & Bala, 2017). Participants came
from high schools in West Java including Bandung, Bekasi, Tasikmalaya and Cirebon consisting of
215 participants with a female sample of 120 students and a male sample of 95 students. The
geographical distribution of participants is shown in Figure 1 and the sample distribution is shown
in Table 1.

BANTEN

Bandung~

JAWA BARAT

Figure 1. Geographic Distribution of Participants

Table 1. Sample Distribution

Gender Person Presentation
Female 120 55.8%
Male 95 44.2%
Total 215 100%
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Students are asked to complete a test consisting of questions designed to measure critical
thinking skills. The test instrument in this study tested critical thinking skills about static fluid
concept consisting of 20 multiple choice questions. Scoring is complete using a rubric that refers to
critical thinking indicators, with each question given a score of 0-1 for incorrect or correct answers
(Donoghue et al,, 2022; Fadillah et al., 2023; Zhang et al., 2023; Tasci, 2024). The question indicators
are adjusted to the indicators of the aspects and sub-aspects of CTS according to Ennis (2011), as
shown in Table 2 below:

Table 2. Aspect and CTS Sub-Aspect

No CTS Aspect CTS Sub-Aspect Item
1 Basic Clarification (BCL) Formulating a question. 1,2
Analyzing arguments. 3,4,5
Asking and answering clarification questions. 6,7
2 The Bases for a decision Considering the credibility of a source. 8
(TBD) Observing and considering observation results. 9
3 Inference (INF) Making and considering deductions. 10,11
Making and considering inductions. 12,13
Making and considering value judgments. 14
4 Advanced Clarification Identifying and considering definitions. 15,16
(ACL) Referring to unstated assumptions. 17,18
5 Supposition and Considering and thinking logically, premises, reasons, assumptions, 19
integration (SIN) positions, and other suggestions.
Integrating other skills and dispositions in making and defending a 20
decision.

As a concrete illustration of the types of questions that have been developed, Figure 2 shows an
example of an item that presents the aspect of Basic Clarification (BCL), with the sub-aspect of
formulating a question, located in item number 1.

Take a look at the following picture!

A construction worker uses nails to drive through wood. He realizes that the pointed
end of the nail makes the nailing process easier than if it were blunt.
Based on the information above, the most appropriate critical question to develop is:
A. How to calculate the pressure exerted by the nail on the wood?
B. What is the relationship between the surface area of the nail tip and the pressure
generated?
C. Why do nails with pointed tips penetrate wood more easily than blunt ones?
D. How does pressure affect the speed and ease of nailing into wood?
E. What are the factors that affect the pressure exerted by the nail on the wood

surface?

Figure 2. Example of Critical Thinking Skills Test Questions Static Fluid Concept

Before the test instrument is widely used, systematic steps need to be taken to ensure that the
instrument has an adequate level of validity and reliability. The instrument development process
begins with a literature study, which examines relevant theories and research results to formulate
indicators and constructs to be measured. Next is the preparation of the initial draft of the instrument
based on the indicators that have been formulated, then conducting a limited trial to 50 students in
class XI. At this stage, the items of the instrument were evaluated from the aspects of readability,
language clarity, content conformity with indicators, as well as allowing bias or ambiguity. The data
from the initial trial were then analyzed to assess the validity of the items and the reliability of the
instrument. If items were found to be invalid, inconsistent, or not in accordance with the indicators,
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the instrument was revised either by repairing, replacing, or eliminating problematic items. After
revision, the instrument was tested again in a pilot test on a larger sample. The test results are used
to conduct more in-depth statistical analysis such as Rasch Model analysis to ensure that the
instrument is suitable for use in the main research. By following these stages or cycles systematically,
it can ensure that the instruments used are truly capable of producing valid, reliable, and objective
data in the context of quantitative research (Boone, Staver, & Yale, 2014; Tutz, 2023). The reliability
and consistency of the instrument were analyzed using the Rasch model through the reliability
coefficient and respondent fit statistics (fit person) (Linacre, 2020). The test instrument reliability
criteria in the Rasch Model according to Sumnintono & Widhiarso (2015), are shown in Table 3 as
follows:

Table 3. Interpretation of Reliability Value

Reliability Value (Person/Item) Interpretation
r>0.94 Special
091=<r<0.94 Very good
0.80=<r<0.90 Good

0.67 <r<0.80 Simply
r<0.67 Weak

(Sumintono & Widhiarso, 2015)

The validity of the instrument in the Rasch Model is seen by the Cronbach's Alpha value, which
identifies the overall reliability and reflects the relationship between students and the questions
given (Tavakol & Dennick, 2011). The reliability criteria for test instruments in the Rasch Model
according to Sumnintono & Widhiarso (2015), shown in Table 4.

Table 4. Interpretation of Cronbach’s Alpha Value

Cronbach’s Alpha Value Interpretation
a=0.80 Very good
0.70 << 0.80 Good
0.60<a<0.70 Simply

0.50 <a<0.60 Bad

a<0.50 Very bad

(Sumintono & Widhiarso, 2015)

In addition, this study also analyzed the Wright Map, the measurement of student ability (Person
Measure), and the suitability of student answers to the Rasch model through Person Fit indicators
such as Outfit MNSQ, ZSTD, and Point Measure correlation. The Wright Map helps illustrate the
distribution of student ability and question difficulty on the same scale. Person Fit is used to identify
responses that do not fit the ideal Rasch pattern (Abdulridah et al., 2022; Handayani et al., 2023;
Humphry, 2023; Yamada, 2025), while Person Measure is used to assess student ability.
Respondents' abilities are estimated based on item response patterns, resulting in logit scores that
are objective and comparable (Wright & Stone, 1999; Laliyo et al., 2020; Altun et al., 2021).

3. Results and Discussion
3.1. Reliability and Consistency
3.1.1. Reliability (Variability) Analysis

In the context of the Rasch Model, reliability not only reflects internal consistency, but also
reflects the relationship between students' abilities and skills and the characteristics of a given item.
Therefore, reliability analysis is very important to ensure that the instrument can truly be used in
objective, accurate and precise measurement. The results of the instrument reliability analysis are
shown in Figure 3.
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TABLE 3.1 C:\Users\ASUS\Desktop\SKALA BESAR,prn ZOU3B7WS.TXT May 31 2:31 2025
INPUT: 215 Person 20 Item REPORTED: 215 Person 20 Item 2 CATS WINSTEPS 3.73

SUMMARY OF 215 MEASURED Person

| TOTAL MODEL INFIT OQUTFIT |
| SCORE COUNT MEASURE  ERROR MNSQ  ZSTD  MNSQ  ZSTD |
| |
| MEAN 12.8 20.0 W57 1.00 0 1.03 oy S |
| s.0. 4.1 .0 [ 1.25 .14 15 8 .36 9 |
| max. 19.0 20.0 3.11 1.04 1.39 2.5 3.87 2.6 |
| MIN. 1.0 20.0 3.09 A6 70 2.2 32 2.0 |
| iy |
| REAL RMSE .60 TRUE SD .98 [SEPARATION 1.63 ||Person RELIABILITY .73|
|MODEL RMSE .59 TRUE SD .99 SEPARATION 1.70 Person RELIABILITY .74 |
| S.E. OF Person MEAN = .08 |
Rerson BAkW SCORE . JOMEASURE CORRBELATION Q8

T u "

SUMMARY OF 20 MEASURED Item

| TOTAL MODEL INFIT OUTFIT |
| SCORE COUNT MEASURE  ERROR MNSQ  ZSTD  MNSQ  ZSTD |
| |
| MEAN 137.8 215.0 @ .16 1.00 1 1.03 a |
| s.0. 22.9 .0 .01 .10 1.4 22 1.5 |
| Max. 179.0 215.0 1.39 .20 1.18 2,9 1.61 3.1 |
| MIN. 81.0 215.0 1.23 .15 .85 2.4 .80 2.1 |
| g |
| REAL RMSE .17 TRUE SD .57 [SEPARATION 3.39|[Item  ReLIABILITY .92]|
|MODEL RMSE .16 TRUE SD .57 SEPARATION 3.46 Item RELIABILITY .92 |
| S.E. OF Item MEAN .14 |

Figure 3. Reliability Analysis

Based on Figure 3 summary results of measurements on 215 respondents and there are 20
items of question instruments using Rasch analysis, it can be concluded that the instrument has a
fairly good quality and reflects the consistency of the instrument in differentiating the ability of
respondents (Bond & Fox, 2015; Linacre, 2020). This is supported by the results in Table 4, where
the person reliability value of 0.73 indicates that participants' abilities are measured consistently and
can be able to identify differences between individuals quite well. Table 4 follows. Reliability
Analysis.

Table 4. Reliability Analysis

Logit Mean (SD) Separation Reliability Cronbach's Alpha
Person 0.75 (1.15) 1.63 0.73 0.78
[tem 0.00 (0.59) 3.39 0.92

A person separation value of 1.63 indicates that the instrument is able to group students into
two different ability levels, which is important for the purpose of diagnosis and classification of
participants' abilities (Wilson, 2018; Linacre, 2020). This means that differences in student ability
can be detected quite clearly by the instrument used. Meanwhile, for the items, the reliability reached
0.92, which falls into the very high category. This shows that each item in the instrument makes a
consistent contribution in measuring the intended construct, namely critical thinking skills. The
average logit item of 0.00 with a standard deviation of 0.59 also indicates that the difficulty level of
the questions is spread equally according to the distribution of student abilities, so that the
instrument is not biased towards students with low or high abilities (Lin et al., 2021; Yalinkilic & Gul,
2023). In addition, the Cronbach Alpha coefficient of 0.78 strengthens the internal consistency
between items, indicating that the items in the instrument are well related and measure the same
thing, namely critical thinking skills (Zhang et al., 2019; Wolfs et al,, 2023).

Therefore, the results of this reliability analysis indicate that the developed instrument is
classified as reliable and valid, and is suitable for use to measure student abilities objectively, stably
and consistently, in accordance with the Rasch Model approach. The Rasch Model itself emphasizes
the importance of the relationship between item characteristics and individual abilities in producing
measurements that are invariant, that is, the measurement results are not influenced by a particular
population or by a particular item. Therefore, high reliability in the Rasch Model not only reflects the
stability of the data, but is also an important indicator that an instrument has fair and generalizable
qualities. In other words, this instrument is not only able to provide consistent results, but also
accurate and meaningful, so that it can be used to measure student abilities in a larger and more
diverse context.
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3.1.2. Individual Suitability Level

The level of individual fit is used to evaluate whether a test taker's response pattern to items is
appropriate based on an ideal measurement model. If the student has a high ability, it is expected to
answer easy and medium questions correctly. Conversely, if there is a mismatch between the
student's response pattern and his/her ability, it indicates a misfit. For this purpose, the Person Fit
Order table in the Winstep 3.73 output is used, especially in the “Item Fit Statistic” section, which
shows statistical values such as Infit Mean Square (MNSQ) and Outfit MNSQ. The ideal values of these
statistics are in the range of 0.5 to 1.5. Values outside this range may indicate that students are
answering inconsistently or showing unnatural patterns (Sumintono & Widhiarso, 2015; Meijer &
Sijtsma, 2001). Therefore, the level of individual fit can also be used to detect possible cheating or
technical errors during test taking (Student, 2022; Balta & Dogan, 2024). The results of students’
Person Fit Order analysis are shown in Figure 4.

1gure 4. Person Fit Order

Based on Figure 4, the results of the analysis of the level of individual suitability for critical
thinking skills (Sumintono et al., 2015). The distribution of student in the unsuitable category is
shown in Table 5.

Table 5. Student distribution that misfit the model

Student Ability Level Person %
Doesn’t meet 2 indicators (Outfit MNSQ 163P, 0,79L, 078L, 077L 1.86
& ZSTD)

Doesn’t meet 2 indicators (Outfit MNSQ 129P, 178L, 104P, 204P, 052P, 055P, 096L, 051L, 173L, 092L, 168L, 6.97
& PT Corr.) 212P, 098L, 153P, 213P

This distribution is then visualized in Figure 5, to clarify the proportion of participants classified
as fit or misfit based on the predefined categories.

Person Fit

Tidak Fit (MNSQ & PFEorrs;

Tidak Fit (MNSQ&c 2570}

Kategori

196

-100 -50 0 50 100 150 200 250 300

Person

Figure 5. Diagram Person Fit Order
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Based on Table 5 which is visualized in Figure 5 about the results of the analysis of the level of
individual fit using the Rasch Model, it is known that there are a number of students answering
instrument items that are not in accordance with the expectations of the model. This mismatch is
identified based on three main indicators, namely Outfit Mean Square (MNSQ), Z-standardized
(ZSTD), and Point Measure Correlation (PT Corr.). There were 4 students who did not meet the two
Outfit MNSQ and ZSTD indicators including 163P, 0.79L, 078L, 077L, equivalent to 1.86% of the total
respondents. This shows that the answers of these students are very deviant and inconsistent, most
likely due to a lack of understanding of the items or answering randomly.

Meanwhile, there were 15 students including 129P, 178L, 104P, 204P, 052P, 055P, 096L, 051L,
173L, 092L, 168L, 212P, 098L, 153P, 213P who did not meet the two indicators of Outfit MNSQ and
PT Corr., equivalent to 6.97% of the overall respondents. A low PT Corr. value of <0.20 indicates that
students' responses to the items are not positively correlated with the level of ability being measured,
identifying the possibility of answering not seriously or not according to actual ability (Bond & Fox,
2015; Kohler & Hartig, 2017).

From the results of the analysis, the overall number of students who showed misfit in two
categories was 19, meaning that a small proportion of the sample did not provide reliable responses
based on the model used. This result is important to consider in data interpretation as it can affect
the validity of the findings and decisions made from the instrument (Sumintono & Widhiarso, 2015).

The level of individual fit or person fit in the Rasch Model is an important indicator to measure
how well a student's response pattern is to the ability item being measured. Misfit occurs when
students give answers that are inconsistent with the general pattern expected by the model, which
may indicate cheating ignorance (Meijer & Sijtsma, 2001; Yalinkilic & Gul 2023). Misfit can
compromise the validity of the measure results as inappropriate responses can provide biased ability
estimates (Bond & Fox, 2015; Kohler & Hartig, 2017). Paying attention to person fit not only
maintains measurement accuracy and fairness, but also obtains diagnostic information about
respondents’ behavior so that teaching can be more targeted.

3.2. Validity

3.2.1. Instrument Validity

The validity of item instruments in the Rasch Model is indicated by the ideal Infit and Outfit
MNSQ values close to 1.0, with an acceptable range between 0.5 to 1.5. In addition, for ZSTD the ideal
value is 0.0 and the tolerance is in the range of -2.0 to +2.0. These values indicate that the item is as
expected and does not need revision (Sumintono & Widhiarso, 2015).

Instrument validity in the Rasch Model also reflects the extent to which items are able to
consistently measure the intended construct. Infit and Outfit MNSQ values that are within the ideal
range indicate that participants' responses to the items fit the Rasch Model, without significant
deviation. ZSTD values between -2.5 and +2.0 indicate that response variation does not deviate from
model expectations (Sumintono & Widhiarso, 2015; Bond et al, 2020).

In addition, item and person reliability indicators also support validity. High item reliability
reflects that the items are able to distinguish participants based on their abilities in a stable manner.
For this reason, good person reliability can show that the data generated are quite consistent and can
be trusted in the interpretation of measurement results (Zou & Bolt, 2023; Aving¢ & Dogan, 2024).
Therefore, the validity of the instrument is not only seen from the fit statistic value, but also from the
overall consistency and fit of the items to the model. The results of the instrument validity analysis
are shown in Figure 6.
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Figure 6. Instrument Validity

Based on Figure 6, the Rasch analysis results show that 215 respondents have an average value
of Infit MNSQ = 1.00 and Outfit MNSQ = 1.03. These values are within the acceptable range of 0.5 to
1.5, indicating that the participants' responses are relatively in accordance with the Rasch Model and
no items should be revised or deleted even though there is a slight insignificant variation. As for the
20 items, the average values of Infit MNSQ = 1.00 and Outfit MNSQ = 1.03 were close to the ideal value
of 1.0 indicating that the items were valid.

3.2.2. Construct Validity

When defining constructs, an important thing to consider is that the constructs must
theoretically be unidimensional from low to high levels (Wei et al., 2012; Wang et al. 2025). In this
study, the measured construct is students' critical thinking skills on static fluid material. Static fluid
material was chosen because this material has been taught in class XI semester 1, so that class XI
during semester 2 and XII have also received the material because a test can be given if the student
has learned the material. Static fluid material tests can be given at two grade levels, namely grade XI
and XII so that they can provide a comprehensive picture of critical thinking skills.

Construct validity in the Rasch Model refers to the instrument actually measuring the
theoretical construct and is tested through three main approaches including unidimensionality, item
fit statistics, and point-measure correlation. Unidimensionality is tested using residual analysis,
where a second component eigenvalue smaller than 2.0 indicates that all items measure one main
construct. Fit statistics such as Outfit and Infit MNSQ that were within the range of 0.5-1.5 and ZSTD
between -2.0 to +2.0 indicated that the items did not deviate from the model. In addition, the point-
measure correlation value above 0.3 indicates that each item contributes positively and consistently
to the measurement of the intended construct, so the instrument is considered constructively valid
(Sumintono & Widhiarso, 2015). The results of the construct validity analysis are shown in Figure 7.

TABLE 23.0 C:\Users\ASUS\Desktop\SKALA BESAR.prn ZOU387WS.TXT May 31 2:31 2025
INPUT: 215 Person 20 Item REPORTED: 215 Person 20 Item 2 CATS WINSTEPS 3.73

Table of STANDARDIZED RESIDUAL variance (inunits)
-- Empirical -- Modeled

Total raw variance in observations 26.4 100.0% 100.0%

Raw variance explained by measures = 6.4 24.2% 23.9%
Raw variance explained by persons = 3.2 12.2% 12.0%
Raw Variance explained by items = 3.2 12.1% 11.9%

Raw unexplained variance (total) = 20.0| 75.8% 100.0% 76.1%

[__Unexplned variance in 1st contrast]= 1.9 7.1% |9.3%

i i = 1.60 6.0% |8.0%
Unexplned variance in 3rd contrast = 1.5 5.7% 7.5%
Unexplned variance in 4th contrast = 1.4 5.2% 6.8%
Unexplned variance in Sth contrast = 1.3 4.9% 6.5%

Figure 7. Construct Validity
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Based on Figure 7 Rasch analysis results, the construct validity of this instrument can be
declared good. This is indicated by the raw variance explained by measures value of 24.2%, which
exceeds the minimum standard of 20%, so that the items in this instrument substantially measure
one main construct well (Boone et al., 2014; Sumintono & Widhiarso, 2015; Linacre, 2022).

Unidimensionality in the context of Rasch analysis refers to the assumption that all items in an
instrument measure the same underlying dimension or construct (Embretson & Reise, 2000;
DeVellis, 2017; Bond et al., 2021). If unidimensionality is met, then participants' scores can be
meaningfully interpreted as representing one main ability, rather than a combination of several other
dimensions. In the Rasch Model, unidimensionality is evaluated through Principal Component
Analysis (PCA) residual analysis. An instrument is considered unidimensional if the raw variance
explained by measures = 20%, and the unexplained variance in the 1st contrast < 15% and eigenvalue
< 3.0 (Linacre, 2020; Sumintono & Widhiarso, 2015).

In addition, the value of unexplained variance in the 1st contrast was recorded at 7.1% with an
eigenvalue of 1.9, both of which are still below the critical limit (maximum 15% and eigenvalue <
3.0), indicating that there are no additional dimensions strong enough to indicate
multidimensionality. Although the total unexplained variance was 75.8%, this value is still acceptable
in the context of Rasch analysis if the variance explained meets the minimum criteria. Therefore, it
can be concluded that this instrument has good construct validity as it is generally able to measure
one main construct consistently. Therefore, this instrument has good construct validity as it is
generally able to measure one main construct consistently and accurately.

3.3. Question Iltem Analysis

3.3.1. Item Parameter Analysis

Item parameter analysis is an important aspect of the Rasch Model as it allows for the evaluation
of item difficulty as well as the accuracy of the instrument in discriminating between participants’
abilities. The level of item difficulty is indicated through the measure value, where the ideal value is
in the range -2.0 to +2.0 logits. This range indicates that the items are suitable for effectively
measuring variations in student ability. Iltems that have measure values outside this range are
considered too easy or too difficult, making them less informative for measurement (Sumintono &
Widhiarso, 2015; Boone et al,, 2014; Bond & Fox, 2015). The results of the item parameters analysis
are shown in Figure 8.

Item STATISTICS: MEASURE ORDER

.................................. R

|ENTRY  TOTAL TOTAL } MODELL]. INFIT | OUTFIT |PT-MEASURE |EXACT MATCH| |
INUMBER SCORE COUNT MEASUREJ S.E JMNsQ § ZSTD|MNSQ  ZSTD|CORR. EXP.| OBSX EXPX| Item |
[ e s s }- B BT SRR e VR ER AN R S R |
| 15 81 215 1.39 1.8]1.32 2.5| .33 .44| e6.0 70.9]| S15 |
| 18 %8 215 98 -.7] .89 -1.1] .49 .45| 68.8 69.3| s18 |
| 17 106 215 80 -.6] .96 -.3] .48 .a5] 69.3 69.2| S17 |
| 20 111 215 68 2.9]1.32 3.1] .29 .45] 63.3 69.2]| s20 |
| 14 126 215 32 -2.4] .88 -2.1] .56 .45| 79.5 70.6| s14 |
| 16 134 215 13 1.2]1.e3  .3| .39 .44 67.4 71.7| S16 |
| 6 135 215 10 -2.4| .85 -1.4| .56 .44| 79.1 71.9| s6 |
| 4 138 215 o3 -.9] .85 -1.4| .se .44 72.1 72.4| s4 |
| 13 141 215 s -.2| .93 -.6| .46 .44]| 73.0 73.0| s13 |
| 5 144 215 13 -2.2| .80 -1.6] .55 .44| 79.1 73.7| s5 |
| 9 144 215 -.13 -1.5| .9 -.8] .52 .44] 77.2 73.7| s9 |
| 19 146 215 18 1.4[1.28 2.8 .38 .a3| 71.6 74.2| s19 |
| 10 147 215 21 .2| .98 -.1| .43 .43]| 74.9 74.4| S10 |
| 2 148 215 24 .3 .97 -.2| .42 .43| 73.5 74.6] s2 |
| 1 149 215 26 -.1] .89 -.8] .45 .43| 74.0 74.9| s1 |
| 12 149 215 26 -.4] .92 -.5| .46 .43]| 76.7 74.9] s12 |
| 7 157 215 .42| 74.0 s7 |
| 11 157 25 |
| 8 166 215 |
| 3 179 215 |

e o ‘ X |
| MEaN 137.8 215.0 5 2 |
| s.0. 22.9 .0 |

Figure 8. Item Parameters

Based on Figure 8, the analysis shows that the most difficult item is item S15 with a measure
value of +1.39 logits, while the easiest item is item S3 with a measure value of -1.23 logits, resulting
in a difficulty range of 2.62 logits. This range indicates that the items cover a good variety of difficulty
levels from very easy to very difficult, which is important to reflect the diverse abilities of test takers
(Giguére et al.,, 2023; Prihartono et al., 2021). Furthermore, the measurement accuracy of each item
is checked through the Standard Error of Measurement (SEM) value. The ideal SEM is less than 0.5
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logits, with a category <0.3 logits considered excellent. In this analysis, the SEM of all items ranged
from 0.16 to 0.20 logits, which means that the items have high accuracy in estimating students'
abilities. Low SEM values indicate good measurement reliability and the ability to distinguish high
and low ability participants consistently (Sumintono & Widhiarso, 2015; Linacre, 2021). The number
of respondents also affects the accuracy of parameter estimation. In this study, the number of
respondents of 215 was considered ideal enough to obtain stable and reliable item parameter
estimates (Bond & Fox, 2015; Linacre, 2021). Therefore, it can be concluded that all items in this
instrument have difficulty and accuracy parameters that meet the criteria in the Rasch model, so they
can be used to measure student abilities thoroughly and fairly.

3.3.2. Item Fit with Rasch Model

Data is said to fit the Rasch model if it meets three main indicators, namely: the Outfit Mean
Square (MNSQ) value is in the range of 0.5 to 1.5 (ideally close to 1.0), the Z-standardized fit statistic
(ZSTD) value is between -2.0 to +2.0 (ideally close to 0.0), and the Point Measure Correlation (PT-
Measure Corr.) value is above 0.3 and positive (Sumintono & Widhiarso, 2015; Bond & Fox, 2015;
Linacre, 2020). These three indicators show the extent to which each item in the instrument
contributes validly to the measurement of respondents’ abilities. The analysis results for these
variables are shown in Figure 9.

Item STATISTICS: MISFIT ORDER

""""""""""" (HEST “eEsT la TrR
[ENTRY  TOTAL TOTAL |
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3 179 215 | ; 1.e|1.49‘1 2.0/A .
11 157 215, 711,33 % 2,008 .
20 111 215 b .9l1.32 2.0c .
15 81 215 || .8|1.32 2.0|0 .
19 146 25y - .4|1.28 | 2.0]E .
7 187 218 o129 0 1.20F .
16 134 25| 2103 .36 .
2 88 as| - 397y -.2]H
10 147 215 98l a1 .

I .37| 85.1 84.4| S3
|

|

|

|

|

|

|

| y -
| 1 199 2sl -
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|

|

|

|

|

|

|

|

I .42 75.8 77.0| s11
| -45] 63.3 69.2| s20
44| 66.0 70.9] S15
I a3] 71.6 7a.2] s19
| -42| 74.0 77.0| S7
| %l 67.4 71.7] s16
[_‘ .43| 73.5 74.6| S2
| .43] 74.9 74.4| s10
| 93] 7a.0 74.9] 51
' .44] 73.0 73.0| 513
N .a3] 76.7 74.9] s12
| -45] 69.3 69.2] 517
. .45| 68.8 69.3| s18
laa] 72.1 72.4] sa
| .qe| 81.4 79.7| s8
| -4l 7.2 73.7] 59
.45| 79.5 70.6| S14
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.89 -.8]3 .
93 -.6l3 .
920 -.5l4 .
96l -.31n .
-89 | -1.1]g .
.85 _-1.4|f .
Pl -.6le .
90 -.8|d .
80y -2.0|c .
.80 "-1.6|b .

13 141 25| -
12 19 21,
17 106 215

18 98 215 ||
4 138 25y
8 166 215

9 144 2sl -
4 126 215
5 14 215,
6 215 |

J
| MEAN 137.8 215.0 .00 .16/1.e0 -.1|1.e3 .1 | 74.
| s.o. 22.9 .0 .59 .e1] .18 1.4] .22 1.5] | 5

Figure 9. Item Fit with Rasch Model

Based on Figure 9, it can be seen that all items have MNSQ and ZSTD Outfit values that are within
the ideal limits, which are between 0.5 to 1.5 for MNSQ and -2.0 to +2.0 for ZSTD. This indicates that
there are no items that are noisy or do not fit the model to the extreme, so there are no items that
overfit or underhit significantly. This means that all items are within the tolerance limits and do not
need to be deleted or modified (Boone et al., 2014; Miiller, 2020). In addition, the PT-Measure Corr.
values of all items were above 0.3 and all were positive, indicating that the items made a consistent
contribution to the overall measurement of student ability.

A good item fit to the Rasch Model is very important because it shows that the items measure
the same construct and strengthens the validity of the instrument (Hambleton et al., 1991; Guler et
al,, 2022). Therefore, it can be concluded that the instruments used in this study as a whole have met
the requirements of the Rasch Model fit and are suitable for use to measure student abilities reliably
and validly.

3.3.3. Different Item Functioning (DIF)

In Differential Item Functioning (DIF) analysis, an item is said to contain bias if a significant p-
value (Prob.) <0.05 indicates that the difference in response between groups is not caused by
differences in ability, but by the characteristics of the item itself (Zumbo, 1999; Boone et al., 2014;
Hagquist & Andrich, 2017). DIF analysis in the Rasch Model is conducted to ensure that the
instrument is measurement fairness and does not favor certain groups (Zumbo, 1999; Holland &
Wainer, 2012). The results of the analysis for DIF are shown in Figure 10.
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DIF class specification is: DIF=$S1Wl

| Person SUMMARY DIF BETWEEN-CLASS Item

| CLASSES CHI-SQUARE  D.F.j PROB. | MEAN-SQUARE t=ZSTD Number Name

R e B e T e
| 3 4.1359 20 .1242 9138  .2445 181

| 3 2.6773 2) .2588 3827 -.4887 282

| 3 1.6639 2 .4317 3388 -.5753 383

| 3 3.7247 20 .1528 .8666  .1936 4 54

| 3 4.2857 2 .1152 9718  .3049 5 S5

| 3 1.2317 2, .5372 2118 -.8783 6 S6 |
| 3 4.0082 20 1325 .8852  .2138 757 |
| 3 .8884 2] .6393 0700 -1.4302 8 s8 |
| 3 4.3221 2, .1131 4234 -.4139 9 s9 |
| 3 1.9734 2" .3692 3876 -.4793 10 S10

| 3 4.3602 2] .1110 4223 -.4158 11 s11

| 3 1.2369 2y .5358 0837 -1.3542 12 s12

| 3 3.3415 2~ .1853 6667 -.0459 13 s13

| 3 .3780 2| .8284 0854 -1.3454 14 s14

| 3 3.5193 2] .1700 5.6212 2.6675 15 S15

| 3 3.4194 2. .1781 6053 -.1289 16 S16

| 3 3.0138 20 2224 2.8236 1.5736 17 S17 |
| 3 4.5004 2] .1000 6.2585 2.8619 18 s18 |
| 3 1.5440 2. .4586 3523 -.5479 19 S19 |
| 3 3.2520 2" .2072 1.3704  .6656 20 S20 |

Figure 10. Different Item Functioning (DIF)

Based on Figure 10, the research findings indicate that all items on the statistical fluid
instrument exhibited no indication of gender bias, as they had a DIF probability value greater than
0.05. This result indicates that the items performed fairly across both male and female students, so
the probability of correct answers was determined by student ability, not gender. From a Rasch
model perspective, this condition indicates measurement invariance, or measurement invariance,
namely the instrument's ability to maintain the same measurement meaning across different groups
(Navarro-Gonzalez et al., 2024). DIF analysis is also an important approach to ensuring instrument
fairness because it can identify the possibility of items favoring certain groups. These results align
with research by Afifa et al. (2024), which demonstrated that items without gender-specific DIF can
measure student ability more objectively and consistently without affecting specific demographic
characteristics.

The absence of gender bias in the statistical fluid instrument also indicates that the item
construction was well-designed so that the context, language, and question representation did not
favor the experiences of one gender. This is crucial in the development of educational science
instruments because biased items can distort estimates of student ability and reduce the validity of
test result interpretations. According to Plouffe et al. (2021), items detected with gender bias have
the potential to benefit certain groups and therefore need to be revised or eliminated to maintain
fairness. Furthermore, DIF-free instruments reflect the objective and invariant characteristics of
Rasch measurement, namely the instrument's ability to produce stable ability estimates across
different respondent groups (Boone et al, 2014; Hagquist & Andrich, 2017; Linacre, 2020).
Therefore, the results of this study reinforce the merits of statistical fluid instruments for use in
educational assessments because they are capable of measuring students' conceptual abilities more
accurately, fairly, and reliably.

3.3.4. Scalogram

Scalogram analysis, which has its roots in the Guttman scaling method, is essential in evaluating
the construct validity and reliability of a measurement instrument. Scalograms are used to look at
the pattern of participants' responses to items and determine whether the responses follow a certain
hierarchical pattern according to the Guttman model. In the Guttman model, it is assumed that each
item has a different level of difficulty, and if a participant is able to correctly answer a more difficult
item, then that participant should be able to correctly answer an easier item (Guttman, 1944;
Engelhard, 2009; Antino et al, 2020). Therefore, the scalogram can help identify whether a
participant's answer pattern matches the expectations of the hierarchical model, as well as detect
deviant or random responses. This method is also closely related to Rasch analysis, where scalograms
can be used as a visual way to verify data from Rasch model estimation (Bond & Fox, 2015).
Scalograms allow observers to directly see participants' consistency in answering, identifying
respondents with perfect, slightly deviant, or random patterns (Meijer & Sijtsma, 2001; Engelhard,
2009; Dirlik & Kartal, 2022). The results of the analysis are shown in Figure 11, Figure 12 and Figure
13.
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GUTTMAN SCALOGRAM OF RESPONSES:
Person |Item
| 1111 1 112111
| 38711220959346640785
[oosiosigasionsiitite
H 39 +11111111111111111110 039Pi

Figure 11. Perfect Pattern

Based on Figure 11, participant 039P showed a perfect answer pattern. No deviations were
found. All her responses conformed to the hierarchical pattern of the Guttman model, characterized
by a consistent and consecutive row of 1s. The data from this participant can be used as a reference
to compare other participants' patterns. This perfect pattern identifies high consistency and
thorough understanding of the items presented (Guttman, 1944).

187 +11101111010001001111 187L
Figure 12. Slightly Deviating Pattern

Based on Figure 12, participant 179P showed a pattern that deviated slightly from the ideal
pattern. This is indicated by 1 (correct) after a row of 0 (incorrect), which should not occur in a
Guttman pattern. This small deviation could be due to the participant's inaccuracy when answering,
but overall it is still acceptable in Rasch-based assessment (Guttman, 1944; Meijer & Sijtsma, 2001;
Engelhard, 2009).

51 +01010000000000001001 ©51L
203 +11000010000000010000 203P
00010
212 +00000000100100001100 212P
213 +01100000100000000001 213P
204 +00100001000000000001 204P
1 +00000000000101000000 ©O1L
69 +01000000000000000000 069

1.1 11 2 112311
| 38711220959346640785

Figure 13. Random Pattern

Based on Figure 13, answer patterns such as participants 212P, 213P, 204P, 001L and 069P
show illogical or overly random responses. They do not reflect the hierarchy of the question, which
is most likely due to a lack of consistency in answering or guesswork. This pattern indicates that
participants did not understand the content of the question or answered randomly, and their
responses cannot be used for valid inference (Guttman, 1944; Meijer & Sijtsma, 2001; Bond & Fox,
2015). Scalogram analysis is important in evaluating participants' responses to items in a
measurement instrument. By identifying perfect, deviant, and random patterns, it is possible to
assess the quality of the data and the validity of the test results in greater depth.

3.4. Estimated Ability of Respondents

3.4.1. Capability Parameters

In the analysis, the ability parameters in the Rasch Model are expressed in logit units with a
range between -3 to +3 logits. A positive logit value indicates that a person has above-average ability,
while a negative logit value indicates below-average ability. The higher the logit value, the greater
the probability of a participant answering an item correctly, because the ability level is greater than
the difficulty of the item (Sumintono & Widhiarso, 2015; Bond & Fox, 2015).

The Rasch model positions participants and items on the same scale, enabling direct
interpretation of participants' abilities in relation to the difficulty level of the questions (Boone et al.,
2014; Sumintono & Widhiarso, 2015; Bond & Fox, 2015). This creates a measurement system that is
invariant and objective, unaffected by the distribution of raw scores. The results of the analysis of the
highest and lowest ability parameters are shown in Figure 14
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Person STATISTICS: MEASURE ORDER

|ENTRY  TOTAL TOTAL MODEL| INFIT | OUTFIT |PT-MEASURE |EXACT MATCH| |
NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| Person|
"",;-"—'-'-'-"i"—"-'-"&"—"-'-"—'-':"—" "—"-;-"—'-'::'-'-"—";-"-'-""—-’."—"-'-"-:'L"—'-"—"f—"—'-‘.‘—"-:-"l'
[T 19 20 3.11 1.e4| .82  .1]| .32 -.5| .54 .14| 95.0 95.0| @39p' |
| 5 T ToT T28 T i1 T T.éa|TTed T TA|T.87 T1Te[-Ti9 13| 578 T95.0[ 052F |
| 53 19 20 3.11 1.e4| .98 .3| .62 .e| .26 .14| 95.0 95.0| @53P |
| 212 4 20 -1.48 .57|1.23  .8|1.55 1.3] -.26 .21| se.e 8e.e| 212p |
| 213 4 20 -1.48 .57]1.e5  .3|1.52 1.2] .e1 .21| se.e se.e| 213p |
| 204 3 20 -1.85 .64]|1.11  .4|1.89 1.5| -.16 .19| 85.0 85.0| 204P |
| - - —_ = 20 2.3 e o 3116 - SL-01 a6l 2.2 90.0| 02l |
| 69 1 20 -3.09 1.e3] .95 .2| .56_ -.1| .30 _.11| 95.0_95.0| @69P, |
———————————————————————————————————— e S T T R T T T T T T T L T
| MEAN  12.8 20.0 .75 .57]1.ee  .e|1.e3  .1| | 74.1 73.8| |
| s.o. 4.1 .0 1.15 .14] .15 .8| .36 .9| | 12.5 10.2| |

Figure 14. Highest and Lowest Ability Parameters

Participants with code 039P had the highest ability among all participants, as indicated by a logit
value of +3.11. This logit value shows that these participants were able to answer high-difficulty
items with a total score of 19 out of a maximum of 20, indicating an almost perfect level of mastery
of the material. Conversely, participant with code 069P has the lowest ability among all participants,
as indicated by a logit score of -3.09. This logit score indicates that the participant experienced
significant difficulty in answering the items on the instrument, further supported by a total score of
1 out of a maximum of 20, indicating very low mastery of the tested material.

The results of the ability parameter analysis using the Rasch Model provide an objective and
standardized picture of the participants' level of mastery of the material being tested. The extreme
difference in logit scores between participants 039P and 069P reflects significant variation in ability
within the population, thereby providing a strong basis for decision-making in education, such as
implementing specialized interventions, improving assessment tools, or adjusting the difficulty level
of questions. To support visual understanding of the distribution of participants' abilities, Figure 15
shows a scatter plot. This scatter plot illustrates the distribution of participants' abilities based on
logit values, which show the spread of ability levels from very low to very high.

Distribution of Person Capabilities
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Figure 15. Distribution of Person Capabilities

In line with previous findings stating that Rasch analysis can fairly map students' abilities
(Boone et al.,, 2014; Sumintono & Widhiarso, 2015), it can also provide a strong basis for developing
data-driven learning policies. Educators can identify students who require additional support, such
as developing more targeted remedial programs, and adapting instructional materials to varying
levels of ability. Additionally, these findings can be utilized in evaluating the quality of assessment
instruments to ensure that the test items effectively measure students' abilities. Therefore, the Rasch
Model not only impacts measurement aspects but also contributes to the overall improvement of
educational quality.
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3.4.2. Wright Map

In the analysis of student ability, it can be done by visualizing data from WINSTEP 3.73 software
through the Variable Maps display or better known as the Wright Map. This visualization illustrates
the distribution of student ability levels as well as the difficulty of the questions on the same scale,
namely the logit scale. This mapping allows educators to see the position of students based on their
level of understanding, ranging from high to low categories, as well as the extent to which the
questions given are challenging for students. Thus, Wright Map becomes an important diagnostic tool
to evaluate students' abilities and provide more targeted interventions. When it comes to critical
thinking skills, the information from Wright Map is very relevant (Boone et al., 2014; Sumintono &
Widhiarso, 2015; Facione, 2020). The results of the Wright Map analysis are shown in Figure 16.

TABLE 16.3 C:\Users\ASUS\Desktop\SKALA EESAB.pco ZOUSETWS.TXT May 31 18:67 2025
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Figure 16. Wright Map

Figure 16 provides a comprehensive visual representation of the distribution of student ability
(person) and item difficulty on the same logit scale. The vertical axis shows logit units representing
item difficulty on the left side and student ability on the right side. Students with the highest ability
(smartest) are found at the top of the student respondents with codes 039P, 052P, 053P, 054P, 055P,
060P, 061P, 096L, 099P, 102P, 110L, 129P, and 158P. Meanwhile, the students with the lowest ability
(weakest) were at the bottom of the student respondents with code 069P. The most difficult items
are located at the top of the left side with question code S15, and the easiest items are at the bottom
of the left side with question code S3. Thus, this map shows the extent to which students' abilities are
proportional to the level of difficulty of the questions.

The midpoint on the Wright Map, referred to as the balance zone, is the position where average

student ability meets average item difficulty (Xie & Lim, 2015; Bond, Yan, & Heene, 2021; Chien, Lin,
& Wang, 2022; Andrich, 2023). The midpoint is of course important because it is an indicator of the
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extent to which the question matches the ability of the majority of students (Giguére et al., 2023). On
the map, there are three problems including S6, S14, S16 and twenty-six students including 006L,
008L,010L,012L 015L,016L,018P, 019P, 087P, 118P, 122P, 125P, 133P, 142P, 149P, 162P, 164P, 170L,
182P, 184L, 193L, 194P, 196L, 198P, 200P, 202L who are in the balance point, This means that twenty-
six students are likely to have abilities that match the three questions and show a balance between
student abilities and the level of difficulty of the questions which can then be the basis for
understanding the pattern of student understanding of certain questions. If there are some students
below this zone, it means that the questions given are too difficult and not proportional to the overall
ability of the students. Conversely, if many students are above this zone, it is likely that the questions
given are too easy and not challenging enough.

Wright Map analysis is very relevant to the context of developing critical thinking skills. If
students are able to answer questions with a high level of difficulty, it is likely that they have reached
more complex levels of thinking such as analysis, evaluation, and synthesis. Conversely, students who
are only able to do easy problems may still be at a basic level of thinking. Therefore, this map can also
be used as a basis for designing adaptive and challenging learning according to students' critical
thinking levels (Sumintono & Widhiarso, 2015; Geller & Neumann, 2018; Walsh et al., 2019; Facione,
2020).

4. Conclusion

The results of this study indicate that the critical thinking ability test instrument on static fluid
material meets the validity and reliability criteria based on the Rasch Model analysis. The instrument
shows that the item reliability is very good (0.92), good internal consistency (Cronbach's Alpha 0.78),
and adequate respondent reliability (0.73). In addition, all items meet the fit criteria so that it is valid
for measuring students' critical thinking skills. The application of the Rasch Model also improves the
quality of the instrument through more accurate item calibration, objective estimation of
respondents’ abilities, and better evaluation of internal consistency. In addition, the DIF analysis
shows that there are no items that experience significant bias between respondent groups because
all items have a DIF probability value of more than 0.05, so the instrument is fair and objective. Thus,
the instrument is suitable for use to measure students' critical thinking skills in physics learning,
especially static fluid material, and contributes to the development of more accurate and bias-free
assessment instruments through the application of the Rasch Model.
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