JOURNAL
OFeBALTIC
SCIENCE
EDUCATION

ISSN 1648-3898 /ein
ISSN 2538-7138 /0nines

Abstract. The challenge of accurately
assessing critical thinking in physics
education, particularly on topics like

work and energy, remains a key issue

for educators. The current study aims

to address this challenge by exploring
students’ critical thinking abilities using
two-tier test data analyzed through the
Rasch model. Data were collected from
students in Bengkulu Province, Sumatra,
Indonesia, and analyzed to evaluate item
fit, reliability, and students’ abilities across
various critical thinking dimensions. It

was found that the two-tier instrument
demonstrated high validity and reliability,
with infit and outfit mean square values
close to ideal, and strong separation
reliability for both participants and items.
Further analysis revealed significant
variations in students’ abilities in aspects of
critical thinking, including interpretation,
analysis, and self-regulation, indicating
the need for more targeted pedagogical
interventions. The study concludes that
applying the Rasch model to analyze two-
tier tests not only enhances understanding
of students’ critical thinking but also
provides a novel approach to developing
and implementing evaluation instruments
in physics education. These findings
contribute to the existing literature by
deepening theoretical insights into critical
thinking within physics education and
offering practical guidance for educators
aiming to improve curriculum design and
teaching strategies.
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Introduction

Critical thinking skills are crucial in physics education because they help
students understand and apply basic concepts in complex real situations. A
deep understanding of concepts such as work and energy cannot be achieved
only through memorization; students need the skills to analyze, evaluate,
and synthesize relevant information (Paul & Elder, 2014; ten Dam & Volman,
2004). Therefore, when solving physics problems, students are expected to
identify relevant information, understand the assumptions underlying an
argument, and develop logical and innovative solutions. Ennis (2018) and
Facione (2020) have described critical thinking as a cognitive skill that allows
individuals to analyze, evaluate, and synthesize information objectively and
rationally. Moreover, it is essential in physics, where many problems require
not only critical thinking but also a deep understanding of the relationships
between various physical variables (Dessie et al., 2024; Wan, 2023). For ex-
ample, in solving physics problems, students need to remember formulas
or facts, understand the underlying principles, and apply them in real-life
scenarios (Bao & Koenig, 2019; Nyirahabimana et al., 2023).

The evaluation of critical thinking in physics education is an essential
component responsible for enhancing the quality of learning (van Laar et
al.,, 2020; Wang et al., 2023). Evaluating critical thinking allows educators
to measure the extent to which students can critically integrate and apply
their knowledge, rather than simply recalling information (Memduhoglu
& Keles, 2016; Sasson et al., 2018). Proper evaluation of these skills enables
students to identify their strengths and weaknesses in understanding phys-
ics concepts (Dwyer & Walsh, 2020; Rapti & Sapounidis, 2024). Effective and
structured evaluation instruments are necessary to accurately measure these
skills (Mafinejad et al., 2017; Memduhoglu & Keles, 2016). Evaluation instru-
ments should be designed to test students’ ability to analyze, evaluate, and
solve complex physics problems with a critical approach (Peng, 2023; Wang
& Zhang, 2024). A well-designed evaluation should assess not only the final
result but also the thinking process students use, thus providing a more
comprehensive overview of their critical thinking (Garcia-Carmona, 2023).

In recent years, two-tier tests have become a widely used type of evalu-
ation designed to measure students’critical thinking in more detail, particu-
larly in science education, including physics (Irmak et al., 2023; Zakwandi et
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al., 2024). Two-tier tests consist of two interrelated tiers (Affandy et al., 2024; Cetin-Dindar & Geban, 2011; Potvin
et al,, 2015). The first tier typically includes multiple-choice questions that test students’ factual or conceptual
knowledge, while the second tier asks students to provide reasons or explanations for the answers they selected
in the first tier. These tests not only evaluate whether answers are correct or incorrect but also explore students’
deeper understanding and their ability to explain the thought process behind their responses (Irmak et al., 2023;
Zakwandi et al., 2024).

The relevance of two-tier tests in measuring critical thinking lies in their ability to determine whether students
deeply understand concepts or merely memorize information without engaging in critical thinking (Affandy et
al., 2024; Potvin et al., 2015). Two-tier tests require students to provide reasons or explanations, thereby revealing
whether they can analyze, evaluate, and apply concepts in various situations—core elements of critical thinking
(Affandy et al., 2024; Putica, 2023). Previous research has highlighted the effectiveness of two-tier tests in science
education (e.g.: (Cari et al., 2020; Kaltakci et al., 2016; Treagust, 1988)). Using two-tier tests in physics education
offers educators a clearer understanding of how students think critically and grasp complex concepts (Kaltakci et
al., 2016; Potvin et al., 2015).

The utilization of the Rasch model in analyzing two-tier test data is essential because it provides a robust
approach to measuring and understanding students’ critical thinking skills in greater depth (Cvenic et al., 2022),
enables data analysis that considers the difficulty level of each item as well as the ability of the individual being
tested (Wang & Ho, 2024), providing a more accurate assessment of whether students not only know the correct
answer (Cascella et al., 2020), but also are able to provide appropriate reasoning, which is an indicator of critical
thinking ability (Laliyo et al., 2022). Using the Rasch model to measure critical thinking helps ensure that the test
consistently evaluates students’ critical thinking ability across different ability levels, thereby confirming that the
assessment genuinely reflects the intended skills (Kaur et al., 2024).

Research Problem

The primary problem addressed in this research is the inability to accurately measure critical thinking in phys-
ics education, an issue that has not received sufficient attention in previous studies. The measurement of critical
thinking is often limited to evaluations that assess only factual knowledge or simple problem-solving skills, without
delving into the analytical and evaluative thinking processes that underlie the understanding of complex physics
concepts. This is a significant problem because critical thinking is essential to understanding, applying, and evaluat-
ing physics concepts in diverse and authentic contexts. The importance of accurately measuring critical thinking
in physics education lies in its ability to equip students with the thinking skills needed to face future intellectual
and professional challenges. If critical thinking skills are effectively measured and developed, physics education
can focus on developing higher-order thinking skills, ultimately increasing the overall quality of education.

The inability to properly measure critical thinking can lead to misunderstandings about the extent to which
students genuinely understand the material and result in unfair and superficial assessments of student competen-
cies. Most evaluation methods used today are insufficiently sensitive to detect differences in the level of critical
thinking among students, leading to less accurate assessment results and failing to provide a comprehensive
picture of students’ critical thinking. This gap highlights the need to develop more appropriate and structured
evaluation instruments, such as two-tier tests analyzed with the Rasch Model, to ensure that critical thinking is
measured validly, reliably, and thoroughly in physics education.

Research Focus

Measuring critical thinking in physics education is essential as it significantly impacts the enhancement of
educational quality and the development of theory in physics education. The utilization of the Rasch Model in the
current study provides a more appropriate approach to evaluating student ability, as the Rasch Model allows for
a detailed analysis of test items, including the identification of items that do not function well or fail to effectively
differentiate between different levels of student ability. The positive impact of this research on the practice of
physics education can be observed in several aspects. First, with improved evaluation instruments, educators can
design teaching strategies that are more effective and tailored to the needs of students, thereby enhancing the
overall quality of learning. Second, the study’s findings can influence educational policy by encouraging the adop-
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tion of more accurate methods to measure critical thinking skills, which are among the key competencies to be
developed in 21st-century education. The research focus not only contributes to enhancing the quality of physics
education but also supports the development of students who are better prepared to face future academic and
professional challenges.

Research Aim and Research Questions

This study aimed to explore students’ critical thinking skills using data from a two-tier test that was analyzed
through the Rasch model. The exploration conducted in the research was intended to find a more accurate and
in-depth evaluation method to measure critical thinking skills in the context of physics education, with the goal of
enhancing the quality of teaching and learning. The study had several specific goals, including (1) evaluating the
item suitability and reliability of the two-tier test used to measure students’critical thinking skills, (2) analyzing how
well the two-tier test identified variations in students’ critical thinking skills, including aspects such as interpreta-
tion, analysis, and self-regulation, and (3) identifying opportunities for more effective pedagogical interventions
based on the research findings. The objectives of this research included: (1) collecting data from students to test
the validity and reliability of the two-tier instrument, (2) analyzing the data using the Rasch model to measure infit
and outfit fit, as well as separation reliability for participants and items, and (3) evaluating differences in students’
critical thinking skills across the various dimensions tested to provide recommendations for the development of
more targeted and effective teaching strategies. The research questions addressed in this study were: (1) How
reliable were the two-tier test instruments in measuring students’ critical thinking skills on the concept of work
and energy in physics education? (2) How did Rasch model analysis help evaluate item fit on two-tier test instru-
ments? and (3) What variations in students’ critical thinking skills were identified through the Rasch model analysis
of critical thinking dimensions such as interpretation, analysis, and self-regulation?

Research Methodology
General Background

The current study used the Rasch model to evaluate students’ critical thinking skills in physics education,
particularly on the topic of work and energy. The research employed a quantitative design with a survey approach,
where data were collected through a two-tier test and analyzed using the Rasch model. The study was conducted
over three months, from June to August 2023, in Bengkulu province, Sumatra, Indonesia. The sample selection
was carried out to obtain a broad representation of the diverse academic characteristics in Bengkulu province,
including gender, age, semester, and study program. The study is based on the theory of critical thinking outlined
by Facione, (2020) and Paul and Elder, (2014), which emphasizes the importance of the ability to analyze, evaluate,
and synthesize information objectively in physics education. The Rasch model was chosen as the main analysis tool
because it provides a deep understanding of the validity and reliability of measurement instruments in an educa-
tional context. The items were scored using the Partial Credit Model (PCM) method with four scoring categories
by Affandy et al., (2021) and Istiyono, (2016). Data analysis included reliability measurement, item difficulty, item
fit, and point measure correlation to evaluate the consistency and contribution of each item to the measurement
of critical thinking skills.

Participants

The study population comprised 342 undergraduate students from various university programs in Bengkulu
Province, Sumatra, Indonesia. The sample was drawn using a purposive sampling method, where the students
selected were those involved in study programs relevant to physics topics, particularly the concepts of work and en-
ergy. Furthermore, exclusion criteria were applied, i.e., students who only attended up to 80% of the overall lectures
were excluded from the sample. According to the statistical analysis with a margin of error of 5% and a confidence
level of 95%, the minimum sample size required was 183 undergraduate students from various study programs.
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Table 1
Demographics of Respondents

Characteristic Sub-characteristic N Percentage

Male 84 45.9

Gender Female 99 54.1
Total 183 100
18 Years 30 16.4

19 Years 22 12

Age

20 Years 65 355

21 Years 66 36.1
1st semester 30 16.4

3rd semester 33 18

Semester

5th semester 55 30.1

Tth semester 65 355
Physics Education 41 224

Science Education 40 21.9
Department Civil Engineering 30 16.4
Electrical Engineering 32 175

Mechanical Engineering 40 21.9

The study sample totaled 183 students, with 84 male students (45.9%) and 99 female students (54.1%). The
age of the research participants varied from 18 to 21 years old, with 30 students aged 18 years old (16.4%), 22 stu-
dents aged 19 years old (12.0%), 65 students aged 20 years old (35.5%), and 66 students aged 21 years old (36.1%).
The sample was also distributed across various semesters, with 30 students in semester 1 (16.4%), 33 students in
semester 3 (18.0%), 55 students in semester 5 (30.1%), and 65 students in semester 7 (35.5%). By study program,
the participants included 41 students from the Physics Education study program (22.4%), 40 from Science Educa-
tion (21.9%), 30 from Civil Engineering (16.4%), 32 from Electrical Engineering (17.5%), and 40 from Mechanical
Engineering (21.9%).

The demographic data, presented in Table 1, provides an overview of the diverse characteristics of the partici-
pants, including gender, age, semester, and study program. These indicators are shown to illustrate the sample’s
representation of the broader population and to highlight the sample’s relevance to the research objectives, which
focus on evaluating critical thinking skills in physics education. Additionally, the demographic information offers
a foundation for analyzing how these factors may influence the research results and gives deeper insight into the
educational context in Bengkulu province. Participating students are guaranteed confidentiality by not disclos-
ing personal information when publishing research results. It was done to ensure anonymity and voluntariness in
the research. Furthermore, all data collected was processed anonymously, and any participation in the study was
voluntary. Before data collection, undergraduate students were given a clear explanation of the purpose of the
research and their right to withdraw from the study at any time without consequence.

Instruments

The instrument used was a two-tier test consisting of 20 items designed to measure students’ critical thinking
in an introductory physics course on work and energy. According to Facione, (2020), each item in the instrument
addressed specific aspects of critical thinking skills: Interpretation (4 items), Analysis (3 items), Evaluation (4 items),
Explanation (3 items), Inference (3 items), and Self-Regulation (3 items). The items were scored using the 4-cat-
egory Partial Credit Model (PCM) method, adapted from the research results of Istiyono et al.,, (2019); Lukman et
al., (2021); Zakwandi et al., (2024). The PCM scoring was organized into four categories: Category 1 was assigned
when a participant provided both an incorrect multiple-choice answer and an incorrect reason, indicating a lack
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of understanding of the concept. Category 2 was given when the participant chose the correct multiple-choice
answer but gave an incorrect reason, suggesting partial knowledge or guessing but weak conceptual understand-
ing. Category 3 was applied when participants provided incorrect multiple-choice answers but correct reasoning,
showing better knowledge even though they could not apply it correctly to the options. Finally, Category 4 was
given if participants answered both the multiple-choice and reasoning questions correctly, reflecting full under-
standing and strong critical thinking skills.

Data Analysis

The first step in data analysis was to measure the reliability of the test, aimed at assessing the instrument’s
internal consistency. Reliability was calculated using the Rasch reliability coefficient, which provided an indication
of how well the items, as a whole, measured critical thinking skills. After testing reliability, the analysis proceeded
with an assessment of item difficulty (item measure). The analysis determined how difficult each item was for par-
ticipants and ensured that the items covered an appropriate range of difficulty levels to measure critical thinking
skills across different abilities.

The next step was an item fit analysis, which involved testing the Outfit Mean Square (MNSQ) and Outfit
Z-Standard (ZSTD). MNSQ is a statistic that shows how well the data for each item fit the expected Rasch model,
with an ideal value around 1.00. ZSTD provided additional information by identifying whether deviations from
the model were statistically significant. Extremely high or low ZSTD values suggested that an item might not be
functioning well in the context of the instrument. Finally, point measure correlation (pt mean corr) values were
analyzed to determine how much each item contributed to the overall measurement of critical thinking skills. A
positive and significant correlation indicated that the item was consistent with the overall measurement objectives.

Research Results
Overall Calibration of The Two-Tier Test

The primary results from the calibration of the two-tier test measuring critical thinking on physics topics,
specifically work and energy, indicated that the test items had fair measurement quality (see Table 2). The statistics
showed that the standard error for participants was .34 logits, with a standard deviation of .03, while for items, the
standard error was .14 logits, with a standard deviation of .01. The average infit MNSQ value for participants was .92
(SD =0.15), and for items, it was .94 (SD = 0.17), suggesting that most items had a good level of fit with the Rasch
model. The mean outfit MNSQ values also showed favorable results, with .97 (SD = 0.21) for participants and .99
(SD = 0.19) for items, indicating no significant deviations from the model.

The separation reliability for participants was .84, and for items, it was .94, demonstrating that the test had
a reasonably strong ability to distinguish between participants’ abilities and identify items of varying difficulty.
The chi-square results were significant (p < .05) for both participants and items, confirming that the model could
explain the variability in the data. Based on the overall calibration results, the test items were effective in measur-
ing critical thinking on the topic of work and energy in physics, with a high degree of consistency and accuracy.

Table 2
Summary Statistics from The Politomus Rasch Model

Statistic Student (N = 183) Item (N = 20)
Standard error (logit)
M 0.34 0.14
SD 0.03 0.01
Infit MNSQ
M 0.92 0.94
SD 0.15 0.17
Outfit MNSQ
M 0.97 0.99
SD 0.21 0.19
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Separation statistics
Reliability of separation 0.84 0.94
Ve 234.5% 135.4*
df 51 19

*p <.05

Critical Thinking based on Aspect Interpretation

The interpretation aspect includes sub-skills such as categorization, deciphering significance, and clarifying
meaning. The results of data analysis using the Rasch Model suggest that students’ability to interpret the concept
of work and energy varied depending on their level of understanding (see Figure 1). The analysis indicated that
students with a score of 1 had a logit of -3.32, indicating significant difficulty in interpreting the concept. Students
with a score of 2 with a logit of -1.88, also demonstrated a lack of understanding, though they performed better
than those with a score of 1. However, students with a score of 3 and a logit of 1.06 exhibited stronger interpreta-
tion skills. Notably, no students achieved a score of 4 (see Figure 1: tem Characteristic Curve, ICC).

Alarge proportion of students received scores of 1 and 2. These results indicate that students tended to misin-
terpret how potential and kinetic energy interact during the pole vaulting process. However, this misunderstanding
may reflect weaknesses in the teaching model, which does not sufficiently emphasize the application of physics
concepts to real-life situations. An example of a student’s response is shown in Figure 1.

Figure 1
Critical Thinking based on Aspect Interpretation

Assessment item Item Characteristic Curve (ICC)

Consider the following figure!

The picture is illustrated with an athlete doing a long jump. The statement
about mechanical energy is correct ...

A) Ep at the beginning and end are the same
B) Ek at the start and end points are the same
C) Ek at the peak is maximal

D) Absence of kinetic energy at all points

E)

Ep at the peak is maximal
REASON: ..o

Example student answer

Reason in English (EN):
The magnitude of the kinetic energy at the vertex in the maximal
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Critical Thinking based on Aspect Analysis

The analysis aspect refers to the ability to identify intended and actual inferential relationships between
statements, questions, concepts, descriptions, or other forms of representation. The analysis aspect was measured
by how well students identified and understood the relationships between physics variables, such as the effort
exerted by a ball on a curved trajectory. The results of the Rasch model analysis indicated differences in students’
abilities in this area (see Figure 2). Students with a score of 1, with a logit of -3.35, showed significant difficulty in
analyzing the relationships between physics variables. Students with a score of 2, with a logit of -1.68, demon-
strated slightly better analytical skills but still struggled to fully understand and connect the concepts needed to
solve the problem. However, students with a score of 3, with a logit of 1.07, exhibited better abilities in correctly
analyzing the correlation between physics variables. Students with a score of 4, with a logit of 0.2, showed strong
analytical skills and consistently understood and solved problems based on the concepts they had learned (see
Figure 2: Item Characteristic Curve, ICC).

Figure 2
Critical Thinking based on Aspect Analysis

Assessment item
An object is on an oblique plane. If the trajectory is projected onto the force, then which of the following equations is correct ...

A. W=Fs, B.s,=FW C.Wzi D.F=Z
Sp

ICC Example student answer

A large number of students received scores of 1 and 2, indicating that their analytical skills were relatively
weak. It means that students often had difficulty connecting concepts, which may be attributed to factors such as
a lack of foundational understanding of work and energy or ineffective teaching methods in explaining the prac-
tical application of these concepts. Few students (N=5) achieved the maximum score of 4, indicating the ability
to identify the association between relevant physics variables, such as the relationship between force, distance,
and energy change, in the context of a skater moving along a curved track. An example of a student’s response is
presented in Figure 2.

1233

https://doi.org/10.33225/jbse/24.23.1227



Journal of Baltic Science Education, Vol. 23, No. 6, 2024

APPLICATION OF RASCH MODEL IN TWO-TIER TEST FOR ASSESSING CRITICAL THINKING ISSN 1648-3898 /print/

o aay TiON ISSN 2538-7138 /oniine/

(PP. 1227-1242)

Critical Thinking based on Aspect Evaluation

The evaluation aspect involves assessing the credibility of statements or representations and the logical
strength of inferential relationships between them. The results of the Rasch model analysis for the evaluation aspect
revealed variations in students'response patterns when distinguishing between valid and invalid information (see
Figure 3). For instance, in the context of upward force at a specific angle, the logit analysis indicated that scores
of 1 (-2.2 logits), 2 (-2.5 logits), 3 (.36 logits), and 4 (-2.37 logits) reflected differing levels of difficulty in assessing
the validity of information (see Figure 3: Item Characteristic Curve, ICC). Lower logit scores indicated that students
struggled with evaluating information accurately, while higher scores suggested a stronger ability to evaluate and
distinguish between valid and invalid data.

Assignificant portion of students received scores of 1 and 2, indicating difficulty in projecting the correct direc-
tion of force in scenarios where a beam exerts upward force at an angle. The analysis revealed that many students
had trouble distinguishing between force components parallel to the surface and those perpendicular to it. Such
difficulties highlight the need to strengthen students’ understanding of vectors and force projection in physics.
One student’s response is provided in Figure 3.

Figure 3
Critical Thinking based on Aspect Evaluation

Assessment item ICC

Ablock is placed on a rough inclined plane with angle 8. The block is pulled
upwards by a force F at an angle a, as illustrated. The correct visualization of
the force is ...

A D

B E

C
REASON: ...

Example student answer

Reason in EN:
The gravity is opposite to the direction of the normal force, so it is obtained that the diagram is flexible on the inclined plane.
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Critical Thinking based on Aspect Explanation

The results of the Rasch model analysis indicate significant variations in students’ability to explain the concepts
of work and energy (see Figure 4). Students with a score of 1 and a logit of -3.72 presented great difficulty explaining
this concept logically and coherently. Students with scores of 2 and a logit of -2.43 also encountered challenges
in explaining the idea despite having a better understanding than students with scores of 1. Meanwhile, students
with a score of 3 and a logit of .82 showed a better ability to explain the concept of work and energy. However, no
students scored 4 on the explanation aspect (see Figure 4: ltemCharacteristic Curve, ICC).

Most students received scores of 1 or 2, suggesting a widespread struggle to provide complete and precise
explanations. The question item related to the explanation aspect, which depicted a ball sliding on a curved track
at varying angles, posed a challenge for many students. They had difficulty explaining how changes in the track’s
angleinfluenced the work done on the ball and the associated changes in kinetic and potential energy. An example
of a student’s response is provided in Figure 4.

Figure 4
Critical Thinking based on Aspect Explanation

Assessment item ICC

Examine a ball sliding on a curved track that has different angles e, on
track 1 and ar on track 2. The surface of the track is made slippery.

The correct statement is....
A) Ep at points A and B are equal
B) Ek at points A and B are equal
C) Ek at point B is minimal
D) At point A, Ek and Ep are the maximum
)

E) Maximum Ek at point B
REASON: ...

Example student answer

Reason in EN:
Determining the force exerted by the ball on the trajectory B to C slides faster than B to A, so the force is different.

Critical Thinking based on Aspect Inference

Aspect inference includes identifying and preserving the elements necessary to make reasonable inferences,
forming hypotheses, and considering relevant information to produce logical consequences from existing data,
statements, principles, or evidence. The results of the Rasch model analysis indicate variations in students’ ability
to make appropriate inferences (see Figure 5). Students with a score of 1 and a logit of -3.36 indicated significant
difficulty drawing accurate inferences from the given data. Students with a score of 2 and a logit of -2.2 represented
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a slight enhancement in inference ability but still had difficulty connecting the various relevant elements to pro-
duce a reasonable conclusion. Furthermore, students with a score of 3 and a logit of .79 displayed a better ability
to make inferences. However, no students scored 4 (see Figure 5: Item Characteristic Curve, ICC).

Figure 5
Critical Thinking based on Aspect Inference

Assessment item

Consider the following image!. A train in an amusement park traverses a

frictionless Roller-Coaster track around the track as presented in Figure. The

motion of the train starts from the Start point at height h. (Think of the train as

a particle). The magnitude of the minimum value of h (in terms of R) such that

the car can move along the circle without falling is...

A. lR B. éR C. éR D. zR

2 2 2 2
E. R

REASON: ..vveiioiiieeeeee e

ICC Example student answer

The research findings on the explanation aspect were that most students obtained a score of 1 and a score of
2. It indicates that students have difficulty connecting data with relevant physics concepts, so efforts are needed
to improve students’inference skills, focusing on developing data analysis skills and connecting physics concepts
through more structured exercises and intensive guidance. The question item on the explanation aspect is pre-
sented with a figure of a roller coaster track, where students are asked to plan the minimum height so that the car
can travel the circular track ideally. One example of a student’s answer is presented in Figure 5.

Critical Thinking based on Aspect Self Regulation

An aspect of self-regulation includes a person’s ability to monitor their cognitive activities consciously, the
elements used in them, and the results obtained. The results of data analysis using the Rasch model demonstrate
that students’ability levels vary depending on their level of understanding (see Figure 6). According to the results
of the analysis, students with Score 1 of -3.36 logits indicated the lowest self-regulation ability, likely due to the
inability to monitor and adjust the approach used in solving the problem. Meanwhile, students with a Score of 2 of
-1.54 logit and a Score of 3 of .88 logit indicate a gradually increasing self-regulation ability, where students begin
to be able to monitor and evaluate their approach. However, there may still be deficiencies in the self-correction
process. Students with a Score of 4 of 2.38 logits indicated the highest self-regulation ability, reflected in the ability
to effectively monitor, evaluate, and adjust their approach to solving problems and make necessary corrections to
achieve better results (see Figure 6: Item Characteristic Curve ICC).
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The main findings from measuring self-regulation aspects in the context of understanding and applying the
concepts of work and energy indicated a significant correlation between these aspects and students’ overall per-
formance. The measurement results reveal that students with better self-regulation skills tend to show a deeper
understanding and more precise application of complex physics concepts, such as in the problem of the minimum
distance of nails on the trajectory of a mathematical swing. One example of a student’s answer is presented in
Figure 6.

Figure 6
Critical Thinking based on Aspect Self Regulation

Assessment item

Consider the following image!. A pendulum consists of a string of length L
and a small ball swinging in the vertical plane illustrated in the figure. The
string touches a peg located at a distance d below the hanging point. If
the pendulum is released from rest in a horizontal position (9 = 90°)and
will swing in a complete circle centered on the stake, then the minimum

value of dis ...
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ICC Example student answer
Discussion

The current study indicates that the two-tier test to measure critical thinking on physics topics, particu-
larly work and energy, has good measurement quality. According to the statistics obtained, the standard error
for test takers was .34 logits with a standard deviation of .03, while for the items, the standard error was .14
logits with a standard deviation of .01. The average infit MNSQ value for participants was .92 (SD = 0.15), and
for items, it was .94 (SD = 0.17), indicating that most items had a good level of fit with the Rasch model. The
mean square (MNSQ) outfit values also showed promising results, with .97 (SD = .021) for participants and
.99 (SD = 0.19) for items, indicating that there were no significant deviations from the model. The reliability
of separation for participants was .84, and for items, it was .94, demonstrating the test’s ability to separate
participants’skills and identify items that vary in difficulty. The chi-square results were significant (p < .05) for
both participants and items, confirming that the model could explain the variability in the data well. Unsurpris-
ingly, this finding is consistent with the results of previous studies, where infit and outfit mean square values
close to 1 indicate a good level of fit between the data and the Rasch model (Cvenic et al., 2022; Mesi¢ et al.,
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2019). Similarly, the infit and outfit mean square averages for participants and items indicated no significant
deviations from the model. Moreover, the high reliability of separation for both participants and items has
been discussed in research Bond, (2015) and Lu, (2024), which emphasizes that high reliability indicates the
instrument’s ability to clearly distinguish between different groups of participants in terms of ability and
variation in item difficulty levels.

The interpretation aspect in the context of physics education refers to students’ ability to understand,
interpret, and construct meaning from information, concepts, or data. The results indicated that most students
had low interpretation skills, with an average score of 1 at-3.32 logits and a score of 2 at -1.88 logits. However,
students did not achieve a score of 4, indicating significant limitations in the interpretation aspect. The study’s
results differ from research conducted by Ennis (1996), (2018), where students trained with methods that
encourage reflective thinking tended to have higher interpretation scores. This difference is likely due to the
learning model used in the local context, which emphasizes developing interpretation skills less.

The analysis aspect involves the ability of students to break down information into smaller parts to under-
stand the structure and relationships between these components (Facione, 2020). The results indicated that
most students had a low level in the analysis aspect, with an average score of 1 at -3.35,2 at-1.68, 3 at 1.07,
and 4 at .2. The findings showed that although some students demonstrated analytical skills, most were still
at a low level. According to Paul & Elder (2014), the analysis aspect depends highly on students’ educational
background and exposure to problems requiring complex solutions. Another study by Halpern (2019), found
that problem-based learning can significantly improve students’analytical skills. The findings suggest that the
learning methods used were not optimal in developing the analysis aspect, contrasting with Halpern (2019)
research, which demonstrated significant improvement after appropriate intervention.

The evaluation aspect involves assessing the credibility of information sources and the strength of the
arguments presented (Facione, 2020). The results revealed that most students had low evaluation skills, with
an average score of 1 at-2.2 logits, 2 at -2.5 logits, and 3 at .36 logits. However, there was a decrease in score 4
to -2.37 logits, indicating inconsistencies in students’ evaluation skills. Facione (2020), argues that evaluation
is the most challenging aspect of critical thinking because it requires integrating various other thinking skills.
Ennis, (1996), (2018) also found that the evaluation aspect requires continuous practice and proper contex-
tualization in education. The study’s findings differ from previous studies due to the lack of implementation
of evaluation-focused teaching strategies, such as structured debates or peer-reviewed assessments, which
were reported to enhance students’ evaluation skills (Ataizi & Donmez, 2014; Kang et al., 2010).

Explanation involves demonstrating one’s understanding clearly and thoroughly and supporting argu-
ments with relevant evidence (Facione, 2020). The results indicated that most students had low explanation
skills, with an average score of 1 at -3.72 logits, 2 at -2.43 logits, and 3 at .82 logits, indicating that most
students struggled to provide adequate explanations. The absence of students who scored 4 suggests that
explanation skills need significant improvement. According to a study by Sithole (2023), explanation ability is
strongly related to verbal and written communication skills. Another study by Pursitasari et al. (2020), stated
that explanation skills can be enhanced through exercises involving critical essays and oral presentations.
The results of the study differ from previous studies, where the explanation aspect was more developed. In
contrast, previous research suggested that the explanation aspect can be significantly enhanced through
structured interventions, such as integrating explanation tasks into the curriculum.

The inference aspect refers to the ability to draw conclusions from existing evidence and make predic-
tions based on observed patterns (Facione, 2020). The results indicated that most students had low inference
skills, with an average score of 1 at-3.36 logits and 2 at -2.2 logits, while only a few students achieved a score
of 3 at .79 logits. No students scored 4, indicating that the ability to draw conclusions needs improvement.
According to Ennis (1996, 2018), inference is one of the most fundamental critical thinking skills, which can
be improved through inquiry-based learning and experimentation. Research by Falloon et al. (2022), found
that using case studies in learning can help students develop stronger inference skills. The results suggest
that students’inference skills were still low, reflecting the lack of practical pedagogical approaches proposed
in previous studies.

The self-regulation aspect includes students’ ability to regulate their thought processes, monitoring and
reassessing their thoughts and actions (Facione, 2020). Interestingly, in this aspect, the results indicated more
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positive outcomes than in other aspects. However, most students were still at a low level, with a score of 1,
which was -3.36 logits, a score of 2, which was -1.54 logits, and a score of 3, which was .88 logits. Some students
achieved a score of 4, 2.38 logits, indicating potential for further development. The results showed higher self-
regulation abilities in some students, which is in line with research findings by Zimmerman & Schunk (2004),
who emphasize the importance of self-regulation as a predictor of long-term academic success. Other research
by Cutler and Zimmerman (2011); and Zimmerman and Schunk (2004), suggests that teaching strategies that
encourage self-reflection, such as journaling or self-assessment, could improve students’self-regulation skills.

The current study contributes to understanding critical thinking in the context of physics education and
science education more broadly. The study’s results deepen insights into physics regarding how students un-
derstand concepts such as work and energy through the lens of critical thinking. Measuring aspects such as
interpretation, analysis, evaluation, explanation, inference, and self-regulation in the study revealed students’
critical thinking distribution. It identified areas where students’understanding still needs to be improved. The
contribution of the research results is relevant and crucial in understanding abstract concepts in physics. The
results also offer a new approach to measuring critical thinking specific to certain topics in physics, such as
work and energy, using a logit scale. The results allow for a more accurate and focused evaluation of students’
ability to understand and apply physics concepts and can serve as a basis for developing more effective learn-
ing models in teaching physics at higher levels.

Limitations and Directions for Future Research

The current study used a two-tier test calibrated with the Rasch model, but the calibration is only partially
optimal for some contexts or populations. Variations in students’ interpretation of questions or differences in
educational backgrounds and learning experiences may affect the accuracy of the measurement. However,
it may also affect the generalizability validity of the results, mainly if applied to a population different from
the sample used in this study. Future research should address this limitation by extending the instrument’s
calibration to various contexts and more heterogeneous populations. Moreover, it is worth considering the
development of a more comprehensive instrument to measure aspects of critical thinking that were missed
in this study. Using more diverse methodologies, such as longitudinal analysis or mixed approaches, may also
provide deeper insights into developing critical thinking over the long term and in various educational settings.

Conclusions and Implications

The current study is the utilization of a two-tier test calibrated with Rasch analysis, which provides in-depth
and detailed insights into students’ critical thinking in the context of physics education. The measurement
results successfully identified variations in critical thinking skills among students in six aspects: interpretation,
analysis, evaluation, explanation, inference, and self-regulation. The results suggest that most students have
critical thinking skills that are still low to moderate, with some aspects, such as interpretation and evalua-
tion, showing the need for further development. The absence of students who reached the highest level in
some aspects indicates a significant gap in the mastery of critical thinking skills essential for understanding
complex concepts in physics. The research’s main strength is the ability of the two-tier test and Rasch analysis
to provide a more valid and reliable evaluation of students’ critical thinking aspects. The study results allow
educators and researchers to measure students’ overall level of understanding and diagnose specific areas that
require further educational intervention. The research findings contribute to an enhanced sense of how criti-
cal thinking can be developed and evaluated more effectively in physics learning, as well as provide avenues
for further research in developing more precise assessment instruments in physics and science education.
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