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1. Introduction

Physics education is crucial in developing critical thinking skills, which support problem-solving
and a deep understanding of concepts (Salazar et al., 2023). Physics curricula often include activities
and strategies to encourage critical thinking, enabling students to engage in open-ended
investigations and deepen their understanding of physical concepts (Baker, 2022). To grasp abstract
concepts in physics, high-level reasoning abilities are required. Therefore, physics education focuses
on the knowledge students acquire and continuously developing their learning skills (Sudirman et
al,, 2017).

Conceptual understanding is essential for students who have undergone the learning processs
(Wiyono et al., 2021). According to Sari et al. (2016, in Safarati & Lubis, 2022), conceptual
understanding is a crucial element in the learning process as it represents the stage of understanding
abstract information, which requires students to classify objects or phenomena. High-order thinking,
including critical thinking skills, is necessary for conceptual understanding. Conceptual
understanding can be defined as a student's ability to comprehend a concept related to everyday
phenomena based on experience and observation, which is then connected to pre-existing concepts
in their thinking. Analyzing students' initial understanding of concepts is critical in preventing
conceptual errors. Many conceptual mistakes occur due to several factors, including those related to
the students themselves, such as attitudes, interest in learning, or the development of their cognitive
structures (Zulrahayu & Mufit, 2024).

Among various concepts in physics, thermal concepts are essential topics that often lead to
misconceptions among high school students (Maison et al., 2020; Sofna et al., 2024). Many real-life
applications and everyday situations are related to fundamental thermal concepts (Gunawan et al,,
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2019). Students tend to form thermal concepts based on daily experiences and intuition, frequently
resulting in an understanding that contradicts scientific theory (O’'Brien et al, 2021). A deep
understanding of thermal concepts is crucial for academic success and introduces new scientific
approaches, such as understanding irreversible phenomena, which are important in studying
complex systems (Mikielewicz & Mikielewicz, 2024). Additionally, this concept has practical
applications in daily life and in developing modern technologies, such as thermal engineering, used
to design and manufacture various products (Li, 2022).

Several studies have revealed that students often struggle to understand basic thermal concepts,
such as heat transfer, temperature increase, thermal conductivity, and phase changes (GULER &
OZKAYA, 2023; Turgut & Gurbuz, 2012). Maison et al. (2020) found that many students hold
incorrect beliefs about the relationship between temperature and objects around them. For instance,
there is a misconception that iron in the same room will have a lower temperature than other objects.
This misunderstanding likely arises from students' real-life experiences, which do not always align
with scientific principles.

A deeper evaluation of students' understanding of thermal concepts is essential to identify and
correct these misconceptions. This ensures that students not only understand the theory but can also
apply it scientifically in daily life. Such evaluations also help educators design more effective teaching
strategies, improving science understanding at the primary and secondary education levels. Chu,
Treagust, Yeo, & Zadnik (2012) emphasize the importance of students having a clear and scientific
understanding of terms like temperature, heat, and energy (specifically internal energy) so they can
explain everyday phenomena related to thermal concepts (Chu et al., 2012).

East Java, one of the provinces with the largest student population in Indonesia, has unique
characteristics in the context of science education. According to data from the Central Statistics
Agency of East Java for the 2022/2023 academic year, there are over 1,500 senior high schools
spread across various regions, both urban and rural, including public and private institutions (Badan
Pusat Statistik Provinsi Jawa Timur, 2023). Variations in teaching methods, access to laboratory
facilities, and teaching quality significantly influence students' understanding of thermal concepts
(Stylos et al., 2023; Villarino, 2023). The region's large student population and diverse socio-
economic backgrounds offer a rich context for studying thermal concepts. Furthermore, the research
findings in East Java can serve as a reference for addressing similar educational challenges
nationwide.

The Rasch model has proven effective in various educational studies (Amiruddin et al., 2024;
Asriadi & Hadji, 2021; Handayani et al., 2023). This model can produce objective measurements and
provide more detailed diagnostic information about students' abilities and item difficulty levels
(Sumintono & Widhiarso, 2015). In evaluating thermal concepts, the Rasch model can help identify
patterns of conceptual errors and areas that require special attention in teaching. The unique
contribution of using the Rasch model in this research is its ability to produce objective
measurements, which allows more accurate identification of students' conceptual error patterns,
problem difficulty levels, and students' understanding profiles (Hamdu et al., 2023; Sukarelawan et
al,, 2024). Unlike approaches that rely on descriptive statistics (Chu et al.,, 2012; Hadzibegovi¢ &
Sulejmanovi¢, 2014; Luera et al.,, 2006), the Rasch model offers evidence-based insights, such as
person-item maps and fit statistics, which enhance the evaluation of students' understanding and
identify areas requiring instructional intervention. In this study, combining the Rasch model with the
TCE instrument addresses research gaps by providing a comprehensive profile of students'
understanding of thermal concepts, analyzing different difficulty levels, and identifying gender-based
differences.

The Thermal Concept Evaluation (TCE) instrument, developed by Yeo and Zadnik (2001), is
reliable for assessing students' understanding of fundamental thermal concepts such as heat,
temperature, conduction, and phase changes. Widely used among high school and university
students, the TCE has been validated across various educational contexts (Hadzibegovi¢ &
Sulejmanovi¢, 2014). This instrument has been validated in various educational contexts and
demonstrates high reliability in measuring students' understanding of thermal concepts (Stylos et
al,, 2021). However, most TCE studies remain descriptive and lack diagnostic depth, particularly in
analyzing students' understanding based on local characteristics such as gender. This study
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addresses this gap by integrating the TCE with Rasch model analysis to provide a detailed and
diagnostic profile of students' understanding of thermal concepts in East Java.

Combining the TCE instrument with Rasch model analysis provides a comprehensive profile of
senior high school student's understanding of thermal concepts, including gender-based differences,
in East Java. This approach offers valuable insights for educators and policymakers in designing
effective teaching strategies and targeted interventions. The main contribution of this research lies
in the Rasch model's ability to identify recurring conceptual errors, assess item difficulty, and analyze
students' ability distribution more accurately than traditional methods (Indratno et al., 2023;
Sukarelawan et al., 2024). This approach enables a comprehensive understanding of thermal
concepts, highlighting gender-based differences and other learning patterns. The findings provide
actionable insights for educators and policymakers to develop targeted teaching strategies and
improve learning outcomes in physics education by uncovering areas of difficulty and addressing
specific weaknesses.

A comprehensive study of senior high school students' understanding of thermal concepts
based on gender in East Java, using TCE and Rasch model analysis, has not yet been conducted. This
research fills a critical gap in thermal physics education by focusing on East]Java's diverse educational
context and the gender-based differences in students' understanding. The findings underscore the
importance of mastering thermal concepts, which are crucial for real-world applications such as
energy systems and advanced technology (Handoyo, 2007; Kruatong et al., 2006). Moreover, it is
essential for mastering advanced physics and reducing misconceptions that hinder learning (Stylos
et al,, 2021). The findings of this research are expected to contribute significantly to improving
physics education, particularly in enhancing teaching strategies and addressing misconceptions.
Education agencies can use the results to develop conceptual-based curricula, improve laboratory
access, and train teachers to identify and correct students' conceptual errors. Furthermore, the
insights from East Java, with its diverse educational characteristics, can serve as a model for
addressing similar challenges in other regions, ultimately improving the quality of science education
at the national level.

2. Method

2.1. Research Design

This study uses a descriptive survey method with a non-experimental cross-sectional design to
describe and analyze the understanding of thermal concepts among students in East Java based on
gender. Data will be collected at one point through the Thermal Concept Evaluation (TCE)
instrument, distributed via Google Forms to students. The obtained data will be analyzed using the
Rasch model, which provides a detailed overview of students' understanding levels and identifies
differences between male and female students. This research design allows for an in-depth analysis
without requiring intervention or special treatment, making mapping student understanding profiles
effective.

The descriptive survey method with a non-experimental cross-sectional design was chosen
because it offers several advantages in describing and analyzing student understanding. This method
allows for efficient data collection from many respondents, providing broad coverage of student
understanding across various educational contexts, including different levels and institutions
(Brown & Singh, 2021). The cross-sectional design facilitates data collection at a single point to
identify common patterns and misconceptions, such as the frequent misconceptions about heat and
temperature (Budiarti et al,, 2017; Sukarelawan et al,, 2019). From a practical standpoint, this
method is resource-efficient and easy to implement, making it ideal for large-scale studies in
resource-limited environments (Msoma, 2020).

2.2. Participants

This study involved 171 senior high school (SMA) students in East Java, consisting of 94 female
and 77 male students, with sample distribution from various public and private schools. The
sampling technique used was simple random sampling (SRS), which ensures that each student has
an equal chance of being selected and produces unbiased estimates (McEwan, 2020). This random
sampling is important to ensure that the research results can be generalized to a broader population,
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especially given the homogeneity of the student population in East Java (Latpate et al., 2021; Singh,
2003).

The number of samples was determined using the Slovin formula, a common approach for large
population sample sizes. This formula considers the total population, margin of error, and confidence
level (Sevilla et al.,, 1993). With a population of high school students in East Java of around 500,000
students (Badan Pusat Statistik Provinsi Jawa Timur, 2024). Sample size calculation using a margin
of error of 7.5% (0.075) produces the following sample estimate:

N
n= e (D

Where:

n = sample size,

N = population size (500.000)
e = margin of error (7,5%)

A margin of error of 7.5% was chosen to balance resource efficiency and the accuracy of
research results, with a confidence level of 87% to 99%, which is sufficient for the context of this
study (Majdina et al, 2024). The selection of this margin of error also helps manage resources
effectively, as a larger sample size would require more cost and time (Rend6n-Macias & Villasis-
Keever, 2017) while still providing reliable results (Choi & Tran, 2016; McClure & Lee, 2005).

2.3. Test Instrument

The instrument used in this study was the Thermal Concept Evaluation (TCE), developed by Yeo
& Zadnik (2001), to assess the extent to which students possess a scientifically accurate
understanding of basic thermal concepts. The TCE consists of 26 multiple-choice questions covering
various topics, such as heat, temperature, thermal conduction, and phase changes. This instrument
was administered to students online via Google Forms, with a specified time limit. The thermal
concepts were selected because they are fundamental topics in physics education under the
Kurikulum Merdeka for Phase F.

The TCE (Thermal Concept Evaluation) instrument by Yeo & Zadnik (2001) was chosen for this
study because of its reliability and validity in measuring high school student's understanding of
thermal concepts, as well as its ability to identify misconceptions and differences in understanding
between groups, including by gender (Chu et al,, 2012; Yeo & Zadnik, 2001). Previous research has
shown that male and female students often experience similar misconceptions regarding thermal
concepts despite receiving university-level education (Stylos et al., 2021). The TCE effectively
identifies common misconceptions in both groups, highlighting the importance of tailored
educational interventions to address gaps in understanding thermal physics (Loverude, 2023). Thus,
this instrument allows a more in-depth analysis of gender differences in understanding thermal
concepts.

2.4. Data Analysis

The data analysis in this study was conducted using the Rasch Model approach with the
assistance of Winsteps 3.73 software. The analysis employed a multiple-choice format, with correct
answers scoring one and incorrect answers scoring 0. The steps involved interpreting the data to
produce a mapping of students' abilities and the difficulty levels of the items, ensuring the fit between
students and the items tested. The following key points were analyzed following the guidelines of
Boone & Staver (2020) and Sumintono & Widhiarso (2015).

Person Measure: This measures a student's ability on the logit scale. Using this approach, each
student is assigned a score that reflects their ability to understand thermal concepts based on their
responses to the given items.

Person Fit: This evaluates whether the students' responses conform to the Rasch model using
criteria such as the outfit mean square (MNSQ) within the range of 0.5 < MNSQ < 1.5, outfit z-
standard (ZSTD) within —2.00 < ZSTD < 2.00, and point measure correlation (PT Mean Corr) within
0.4 < PT Measure < 0.85.
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Wright Map (Person - Item Map): The Wright Map displays the distribution of students' abilities
and the difficulty levels of the items on the same logit scale. It allows us to see whether the items are
appropriately matched in difficulty to the students’ abilities. This helps identify whether any items
are too easy or too difficult for most students.

Reliability of Person and Item: This measures the consistency of the measurements within the
student and item data. A high Person Reliability indicates a consistent measurement of students'
abilities, while a high Item Reliability indicates a consistent measurement of item difficulty. The
following is a table showing the criteria used in interpreting person and item reliability:

Table 1. Interpretation Person and Item Reliability

PR/IR Range Interpretation
PR/IR = 0.95 Excellent

0.95> PR/IR = 091 Very Good

0.91 > PR/IR = 0.81 Good

0.81 > PR/IR = 0.68 Moderate
0.68 > PR/IR Poor

Person Separation and Item Separation: These measures indicate how well the instrument can
differentiate students' abilities across multiple levels and how well it can differentiate items based
on their difficulty. A high Person Separation value (greater than 1.00) indicates that the respondents’
abilities are spread across different levels (Krishnan & Idris, 2014). An Item Separation value greater
than 2.00 indicates that the instrument can effectively distinguish at least two groups of ability levels
or item difficulty levels (Linacre, 1994).

3. Results and Discussion

3.1. Person Measure (Student Ability Level)

From the results of the Rasch analysis, we can determine students' ability levels by examining
their logit values and total scores. A higher logit value indicates that a student can better answer the
TCE questions correctly. This corresponds to the total score column, which shows the number of
questions a student answered correctly (Sumintono & Widhiarso, 2015).

Figure 1 shows students' abilities based on the person measure table output. In Figure 1, the
Total Score column is marked in red, the Measure column in green, and the Person column in blue.
From Figure 1, it can be seen that the student with code 095F has a logit value of +1.33 logit (see
Measure column) and was able to answer 20 out of 26 questions correctly (see Total Score column),
indicating that student 095F has the highest ability in this test. Conversely, students with codes 053M
and 085F have logit values of -1.88 and could answer only 4 out of 26 questions correctly, indicating
they have the lowest ability levels in this test. For comparison, students with codes 002M, 016F, 052F,
054F, and 062F all have the same logit value of +0.91 logit, and these five students answered 18 out
of 26 TCE questions correctly.
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Figure 1. Person measure (student ability) from highest to lowest logit

Additionally, we can compare the ability levels of three students in understanding thermal
concepts: students with codes 019M (logit +0.55), 168M (logit +0.03),and 076M (logit -0.88). Student
019M has the highest logit value, indicating better performance than the other two students. The
logit difference between 019M and 168M is 0.52, which suggests that the ability of 019M is
approximately 1.68 times higher than that of 168M. Furthermore, the logit difference between 019M
and 076M is 1.43, meaning that the ability of 019M is about 4.18 times higher than that of 076M.
Finally, when comparing 168M and 076M, the logit difference is 0.91, indicating that the ability of
168M is approximately 2.48 times higher than that of 076M. From this comparison, it is evident that
019M has the highest ability level, followed by 168M, and 076M has the lowest ability level.

97



Momentum: Physics Education Journal, 9(1), 2025

3.2. Person Fit (Individual Fit Level)

Based on the person fit analysis results from the Winsteps output, as shown in Figure 2, several
students displayed response patterns that deviated from the Rasch model's (misfit) expectations.
Figure 2 presents the Person Fit table, which evaluates the consistency of individual students'
responses against the model's assumptions. According to the outfit MNSQ and ZSTD criteria, the
student identified as 037M exhibited the most significant misfit, with an outfit MNSQ value of 1.91
and a ZSTD value of 1.95, both exceeding the acceptable range (0.5 < MNSQ < 1.5). Similarly, the
student with the code 114F showed an MNSQ value of 1.73 and a ZSTD value of 2.08, falling outside
the acceptable limits. The student labeled 035F also demonstrated misalignment with the model,
with an MNSQ value of 1.63 and a ZSTD value of 2.06, indicating a lack of conformity to the Rasch
model's assumptions.
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Figure 2. Person Fit

The high ZSTD values indicate a significant mismatch between the student's responses and the
Rasch model, which could be attributed to factors such as uncertainty or inaccuracies in answering,
misconceptions, overconfidence, or a misalignment between the student's ability level and the
difficulty of the items being tested (Edwards & Alcock, 2010; Hermann-Abell & DeBoer, 2016; Nopiah
et al, 2012; Paek et al., 2013). The outfit MNSQ, ZSTD, and PT Measure Corr values that fall outside
the expected range suggest that the student's response patterns need to be more fully consistent with
the assumptions of the Rasch model. In such cases, further analysis of the student's response patterns
is required to determine the cause of this misfit—whether it is due to the student's understanding of
the items, external factors such as anxiety, or other variables that may influence their performance
during the test (Edwards & Alcock, 2010; Planinic et al., 2019).

3.3. Wright Map (Person — ltem Map)

Using Rasch analysis, the distribution of students' abilities and the difficulty levels of TCE items
can be visualized through a map known as the Wright Map, as shown in Figure 3. According to Salman
& Aziz (2015, cited in Asriadi & Hadi, 2021), the Wright Map in Figure 3 illustrates the relationship
between test participants' abilities and item difficulty levels on the same scale. This representation
also provides insights into students' readiness by aligning item challenges with students' abilities
(Asriadi & Hadji, 2021). In Figure 3, the Wright Map demonstrates that students with higher abilities
are positioned above the more difficult items. In comparison, those with lower abilities appear below
the easier items, effectively highlighting the balance between item difficulty and student
performance levels.
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In Figure 3, the map on the left shows nine students (095M, 004M, 024F, 148M, 002M, 016F,
052M, 054F, and 062F) who exhibit high ability in answering questions related to the understanding
of thermal concepts. These nine students completed all the items at the given difficulty levels, earning
the maximum score. According to the Wright Map, it is evident that some students share the same
ability level, such as students with the codes 019M, 063F, 149M, 150M, 151M, 156M, 161M, and
171M, all of whom are positioned at a logit of +0.55. These eight students could correctly answer 16
items but needed help with the more complicated items (logit +0.63). In the lower-left section of the
Wright Map, two students (053M and 082F) demonstrated a low ability to understand thermal
concepts, as they needed help to answer the most straightforward question with a logit of -1.68 (Q4).
This suggests teachers need special attention, as traditional teaching approaches appear less
effective for students with low ability in thermal concepts (Sumintono & Widhiarso, 2015).

Additionally, Figure 3 also shows that the items with the highest difficulty levels are Q15, Q18,
and Q26, with logits of +0.76, +0.73, and +0.73, respectively, followed by Q24 (+0.66), Q11 (+0.63),
Q20 (+0.53), Q21 (+0.43), Q14 (+0.40), Q17 (+0.40), Q25 (+0.37), Q3 (+0.34), Q8 (+0.28), Q9 (+0.22),
Q10 (+0.22), Q16 (+0.20), Q2 (+0.17), and Q22 (+0.14). These items are classified as complex and
were only completed by the nine high-ability students: 095M, 004 M, 024F, 148M, 002M, 016F, 052M,
054F, and 062F. This means that only approximately 5.26% of students could answer these difficult
questions. On the other hand, eight items with logits below zero indicate that these items are
classified as easy. The easiest item is Q4, with a logit of -1.68, followed by Q12, Q7, Q5, Q1, Q19, Q23,
and Q6, with logits of -1.37, -1.28, -1.25, -1.14, -0.30, -0.14, and -0.08, respectively. According to
Darmana et al. (2021, cited in Amiruddin et al.,, 2024), logit values reflect the difficulty level of an
item; the higher the logit, the more difficult the item (Amiruddin et al., 2024).

From the analysis of the Wright Map, it is evident that most students fall within the low to very-
low ability categories in understanding thermal concepts. This indicates the need for intervention in
the learning process to enhance students' understanding of thermal concepts. Evaluating the
teaching methods is also recommended to deepen the overall understanding of thermal concepts.
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The percentage of student ability based on gender can be seen in Table 2, which provides a detailed
overview of the distribution of ability levels within each gender group. This table categorizes
students' abilities into five levels: Very High, High, Average, Low, and Very Low, offering a
comprehensive breakdown of how male and female students differ in their understanding of thermal
concepts. The data presented in Table 2 serves as a valuable reference for analyzing gender-based
patterns in student performance and identifying specific areas that require targeted educational
interventions.

Table 2. Percentage of Students’ Ability Levels by Gender
Level of Ability (%)

0
Gender Very High High Average Low Very Low Total (%) freg.
Male 3.90 23.38 9.09 45.45 18.18 100 77
Female 1.06 11.70 5.32 52.13 29.79 100 94

Based on Table 2, there is a significant difference in the ability of male and female students to
understand thermal concepts, with most students falling into the low to very low ability categories.
A higher percentage of female students are in these categories, and only a tiny proportion achieve
very high ability levels (3.90% of males and 1.06% of females). This uneven distribution highlights
students' challenges in grasping thermal concepts and underscores the need for innovative teaching
strategies to enhance understanding, particularly for female students.

One practical approach is inquiry-based learning, which encourages students to explore
concepts through hands-on experiments and in-depth questioning (Wartono et al, 2019). This
strategy helps students build their understanding through direct experience, making it particularly
engaging for female students in the lower ability categories. Additionally, project-based learning
allows students to connect thermal concepts to real-world situations, fostering motivation and
emphasizing the relevance of physics in everyday life (Otoluwa et al., 2024). Problem-based learning
(PBL) can also develop students' analytical and problem-solving skills by challenging them to solve
real-world thermal issues, such as reducing heat loss in household systems (Muthaharoh &
Sukarelawan, 2023; Seibert, 2021). Teachers should tailor their strategies to minimize gender gaps
by incorporating real-life contexts, such as cooking or weather, to engage female students.
Meanwhile, technical and engineering-focused applications, like designing thermal insulation, could
appeal more to male students. Advanced educational technologies, such as interactive simulations
and augmented reality, can also support these strategies by visualizing abstract concepts like heat
transfer and equilibrium, making them easier to understand. These tools enhance students'
engagement and help bridge the gap between theoretical and practical learning (Malik et al., 2022;
Masrifah & Amiroh, 2023; Nugraheni & Mundilarto, 2022; Nuryantini et al., 2022).

By integrating student-centered approaches with technology-based media, it is possible to
address gender gaps and improve overall comprehension of thermal concepts. Combining inquiry-
based, project-based, and problem-based learning with tools like simulations, animations, and e-
modules enables more interactive and engaging learning experiences. These strategies provide a
multifaceted framework to enhance students' understanding of thermal physics, reduce
misconceptions, and foster critical thinking, particularly for lower-ability categories (Nusir et al,,
2013; Perdana et al,, 2022).

3.4. Reliability and Separation of Person and ltem

The reliability and separation of students and test items are displayed in summary statistics for
the overall instrument analysis. These summary statistics are shown in Figure 4, which provides a
detailed overview of the reliability and separation values for both students (person) and test items,
highlighting the consistency and effectiveness of the instrument in measuring student abilities and
item difficulties. The figure shows that the reliability value for students (person) is 0.56, indicating a
low level of reliability in measuring students' consistency in the test. This value suggests considerable
variation in the students' response patterns, possibly due to uncertainty or difficulty in answering
the given items. In contrast, the reliability for test items is 0.94, indicating very good reliability. This
suggests that the items consistently measure the intended ability, namely understanding thermal
concepts. In other words, the items in this test have a stable level of difficulty and can be relied upon
to measure student ability consistently.
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Figure 4. Reliability and Separation of Person and Item

Although the Cronbach’s Alpha for the entire test is 0.62, which indicates moderate reliability,
it falls within an acceptable range for exploratory studies (Hayat, 2024; Malapane & Ndlovu, 2024).
The low reliability for students points to potential gaps in their understanding, which may arise from
instructional shortcomings. It is essential to address these gaps by improving teaching methods to
ensure that students have a clearer comprehension of the material being tested. Studies have shown
that inconsistencies in student responses often reflect a lack of alignment between teaching
approaches and assessment goals (Clayson, 2018).

The disparity between person reliability and item reliability is a common occurrence in
educational assessments. While item reliability tends to be high due to the consistent nature of the
questions, person reliability can be low due to individual differences in response patterns. Factors
such as students’ education level, awareness, or fluctuating confidence can contribute to inconsistent
responses (Fekken et al., 1999; Tourangeau et al., 2020; Zou & Bolt, 2023). This highlights the need
to address individual differences through tailored instructional strategies that consider diverse
learning styles and cognitive processes.

Person reliability and item reliability often diverge because of the different factors influencing
them. Person reliability is affected by individual response patterns, which may vary due to
differences in education, awareness, or personal characteristics, such as response style or self-
perception. Conversely, item reliability tends to remain high because of the stability of fact-based or
limited-response questions, which yield more consistent results across populations (Hartig et al,,
2007; Tourangeau et al., 2020).

The discrepancies in reliability highlight the need for strategies to enhance assessment validity.
Educators should employ diverse assessment methods and ensure that test items align with desired
learning outcomes. Additionally, analyzing student problem-solving patterns, including response
times, can provide insights into cognitive processes and help develop adaptive learning strategies
tailored to students' needs. These steps can improve students’ comprehension of the material and
reduce measurement errors (Park et al., 2023; Pipia, 2014).

Subsequently, the separation analysis results from the Wright Maps indicate a person
separation value of 1.13 and an item separation value of 3.87. A person separation value of 1.13
suggests that the test effectively differentiates various student ability levels, categorizing them into
at least two ability groups. However, there is still room for further differentiation. This value
indicates that the instrument can effectively separate respondents with varying abilities (greater
than 1.00) (Krishnan & Idris, 2014). On the other hand, the item separation value of 3.87
demonstrates the instrument's excellent ability to differentiate levels of item difficulty, surpassing
the reliability criteria and indicating that the test items can effectively distinguish more than two
levels of difficulty (greater than 2.00) (Linacre, 1994). These values reflect the reliability and
effectiveness of the instrument in measuring student ability and item difficulty, with person
separation showing the test's capacity to differentiate student abilities and item separation
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indicating that the test items are well-structured to assess the mastery of the concepts being tested
(Bintang & Suprananto, 2024; Ummah et al., 2022).

3.5. Analysis of Understanding of Thermal Physics Concepts Based on

Gender
In the TCE instrument developed by Yeo & Zadnik (2001), students' alternative conceptions are
categorized into four groups: 1) Heat transfer and temperature changes, 2) Boiling, 3) Heat
conductivity and equilibrium, and 4) Freezing and melting. Table 3 below presents the percentage of
correct student responses for the items within these four conceptual groups, categorized by gender.

Table 3. The Correct Responses in the Four Thermal Concept Groups Based on Gender
Percentage of correct response (%)

Item No. M F Overall Group Mean
Heat transfer and temperature changes

Q3 1 48.1 18.1 33.1

Q7 2 75.3 59.6 67.4

Q9 3 33.8 34.0 33.9

Q10 4 45.5 24.5 35.0

Q13 5 53.2 26.6 39.9

Q15 6 26.0 223 24.2 36.5
Q20 7 35.1 223 28.7

Q21 8 39.0 223 30.7

Q22 9 44.2 28.7 36.4

Q23 10 40.3 42.6 41.4

Q25 11 33.8 28.7 31.2

Boiling

Q3 12 72.7 75.5 74.1

Q7 13 58.4 72.3 65.4

Q9 14 48.1 34.0 41.0 58.9
Q10 15 63.6 72.3 68.0

Q13 16 54.5 37.2 45.9

Heat conductivity and equilibrium

Q14 17 273 33.0 30.1

Q16 18 31.2 37.2 34.2

Q17 19 325 28.7 30.6 283
Q18 20 19.5 28.7 24.1 ’
Q24 21 29.9 22.3 26.1

Q26 22 27.3 223 24.8

Freezing and melting

Q1 23 64.9 62.8 63.9

Q2 24 44.2 27.7 359 39.6
Q8 25 35.1 30.9 33.0 ’
Q11 26 18.2 33.0 25.6

Based on the data in Table 3, analyzed using the student conceptual understanding levels as
outlined by Apridonata et al. (2022), students' understanding of thermal physics concepts can be
classified into three levels: low (<30%), moderate (30% < x < 60%), and high (60% < x < 100%)
(Apridonata et al., 2022). Gender-based analysis reveals that male students perform better than
female students in most categories, although overall understanding across both genders remains
predominantly low to moderate. This highlights significant gaps in thermal concept comprehension
that require targeted interventions.

In the Heat Transfer and Temperature Changes concept, the overall understanding level is
categorized as low, with an average percentage of 36.5%. Male students demonstrate better
comprehension, achieving moderate to high scores on specific questions, such as Q7 (75.9%) and Q9
(39.4%). Female students struggle more, with scores often below 30%, such as Q3 (18.1%) and Q10
(24.5%). This indicates that while male students generally understand this concept better, both
genders face challenges in achieving higher comprehension levels.

The Boiling concept shows a moderate overall understanding level, with an average percentage
of 58.9%. Female students slightly outperform male students on several questions, such as Q4
(75.5%), Q5 (72.3%), and Q12 (72.3%), which fall into the high understanding category. This
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suggests that female students may find the Boiling concept more relatable or accessible, although
both genders show a reasonable level of comprehension compared to other concepts.

The Heat Conductivity and Equilibrium concept is the most challenging, with an average
understanding level categorized as low (28.3%). Both male and female students exhibit difficulty,
with low percentages of correct responses, such as Q18 (19.5% for males and 28.7% for females) and
Q24 (29.9% for males and 22.3% for females). This highlights the need for improved teaching
strategies and deeper conceptual scaffolding to address gaps in this area.

The Freezing and Melting concept has an average understanding level of moderate, at 39.6%.
Male students perform slightly better, achieving a high understanding of Q1 (64.9%), while female
students score highly on the same question (62.8%). However, for other questions like Q2 and Q11,
the understanding levels drop into the low and moderate categories for both genders. While this
concept shows better comprehension than Heat Conductivity and Equilibrium, the persistent gender-
based gaps warrant further attention.

The findings reveal that male students perform better in most thermal physics concepts,
particularly in Heat Transfer and Temperature Changes. In contrast, female students show a slight
advantage in the Boiling concept. However, the persistent low levels of understanding in areas like
Heat Conductivity and Equilibrium suggest the need for targeted instructional approaches to
improve comprehension across genders.

The observed gender differences in understanding thermal concepts align with previous
research. Stylos (2021) identified similar gender-related disparities, with male students often
performing better in concepts requiring spatial reasoning, such as Heat Transfer. On the other hand,
female students excel in tasks requiring meticulous observation and contextual interpretation, as
seen in their performance in the Boiling concept. This highlights the role of cognitive and experiential
factors in shaping gender-based performance in physics.. Similarly, Al-Khatri et al. (2020) found
distinct differences in thermal comfort experiences between genders, which could suggest a
cognitive variance in how thermal phenomena are perceived and processed.

The conceptual gaps in Heat Conductivity and Equilibrium reflect more profound challenges in
understanding abstract processes such as energy transfer at the molecular level. Traditional teaching
methods may fail to address these abstract concepts adequately, as students often rely on
macroscopic observations rather than microscopic principles. This aligns with findings by Nottis et
al. (2017), who noted that students frequently misunderstand heat as a substance rather than a
transfer process. To address these challenges, instructional strategies must cater to diverse learning
styles and bridge gender gaps. Incorporating real-world contexts, such as cooking or weather
phenomena, can make the material more relatable, particularly for female students. For male
students, technical applications like designing thermal insulation systems can provide engaging
challenges. These approaches can ensure that both genders find relevance in thermal physics
concepts. Visual tools such as bar charts, as referenced in Figure 5, can help educators identify trends
in understanding and highlight areas needing improvement. For example, higher scores in the Boiling
concept suggest a better grasp of this topic among both genders.
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Figure 5. Percentage of Correct Responses in the Four Thermal Concept Groups Based on
Gender

4. Conclusion

This study reveals that high school students in East Java exhibit low to moderate levels of
understanding of thermal concepts, with significant misconceptions observed in key areas such as
heat conductivity and thermal equilibrium, which students find particularly challenging. Gender-
based analysis shows that male students perform better in heat transfer and temperature changes,
while female students demonstrate a slightly higher understanding of boiling concepts. Using the
Rasch model, this research effectively identifies error patterns, item difficulty levels, and conceptual
weaknesses, providing valuable insights into students' learning needs and enabling targeted
interventions. To address these challenges, educators are encouraged to adopt instructional
strategies that focus on correcting misconceptions through visual explanations and hands-on
experiments that bridge the gap between abstract concepts and real-world phenomena. Technology-
based learning tools like interactive simulations should also be integrated to enhance students'
engagement and understanding. Developing conceptual-based curricula, improving laboratory
access, and providing teacher training programs are critical to minimizing gender-based gaps and
fostering a more comprehensive mastery of thermal concepts. These findings offer a strong
foundation for shaping effective teaching strategies and educational policies to improve physics
education and equip students with the skills needed for advanced technological applications.
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