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Abstract: Analytical thinking is essential for physics education students, yet 
comprehensive assessment remains challenging. This study investigates the distribution 
and characteristics of analytical thinking abilities using Rasch model analysis, examining 
gender differences and performance patterns. A cross-sectional study was conducted 
with 35 physics education students (20 females, 15 males) using a 20-item multiple-choice 
assessment covering four domains: identifying problems, recognizing relational patterns, 
identifying reasoning errors, and summarizing main ideas. Data were analyzed using 
Winsteps software to examine person abilities and group comparisons. Results revealed 
highly variable analytical thinking abilities (range = 8.84 logits, M = -0.15, SD = 1.79). 
Males outperformed females by 0.46 logits (males: M = 0.15; females: M = -0.31), though 
not statistically significant (p > 0.05). Three performance levels emerged: high achievers 
(25.7%, n = 9), average achievers (48.6%, n = 17), and low achievers (25.7%, n = 9). The 
findings reveal significant heterogeneity in analytical thinking abilities with observable 
gender-based differences. Results suggest the need for differentiated instructional 
approaches tailored to varying ability levels and targeted interventions to support 
struggling students. This study demonstrates the utility of Rasch analysis in identifying 
areas for instructional improvement and optimizing analytical thinking development in 
physics education contexts.  
 
Keywords: Analytical thinking; Physics education; Rasch model; Student ability; Gender 
difference 

  

Introduction  
 

Analytical thinking represents a cornerstone 
cognitive ability in physics education, encompassing the 
capacity to systematically decompose complex 
problems, identify underlying patterns, and construct 
logical solutions (Brookhart 2010; Çoksan and Yilmaz 
2024; Lombardi 2023). According to Bloom's revised 
taxonomy, analytical thinking operates at higher 
cognitive levels—specifically analyzing, evaluating, and 
creating—which are essential for deep conceptual 
understanding and knowledge application (Maqruf et 
al. 2024). In the context of physics education, analytical 
thinking enables students to navigate abstract concepts, 
apply mathematical reasoning, and develop coherent 
understanding of physical phenomena (Hong 2022). 
This cognitive skill is particularly crucial because 
physics requires students to move beyond surface-level 

memorization toward the integration of mathematical 
formalism, conceptual reasoning, and empirical 
observation. 

Beyond academic settings, analytical thinking is 
essential for addressing real-world problems, 
succeeding in professional environments, and 
maintaining global competitiveness. The OECD's 
framework for 21st-century competencies emphasizes 
critical thinking and problem-solving as core skills 
necessary for navigating complex, rapidly changing 
societies (Hajkowicz et al. 2023). In the 21st century, 
graduates are increasingly expected to make informed 
decisions, adapt to complex situations, and solve 
problems systematically—skills that are foundational 
for success in diverse and evolving workplaces 
(Anthonysamy et al. 2024; Mohareb and Al Khraisha 
2025). Physics education students, in particular, must 
possess strong analytical thinking skills not only to 
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understand physics concepts but also to guide future 
learners in mastering these skills. As prospective 
educators, their analytical competencies will directly 
influence the quality of instruction and cognitive 
development of the next generation of students. 

Despite the recognized importance of analytical 
thinking, significant gaps remain in understanding how 
these abilities are distributed among physics education 
students and what instructional strategies can 
effectively address performance disparities. Although 
analytical thinking is emphasized in various national 
and international educational frameworks, few studies 
have systematically mapped the actual thinking profiles 
and performance patterns of physics education students 
using validated instruments. Existing research often 
focuses on general cognitive development or traditional 
academic achievement, lacking in-depth psychometric 
diagnosis of higher-order skills such as analytical 
thinking (Dewi et al. 2024; Surin and Damrongpanit 
2024). This represents a critical knowledge gap, as 
evidence-based instructional design requires precise 
understanding of student ability distributions and 
learning needs. 

Moreover, while validated instruments for 
analytical thinking assessment exist, they are rarely 
employed to comprehensively evaluate student ability 
distributions in specific educational domains, such as 
physics education. The application of advanced 
psychometric methods, particularly in non-Western 
educational contexts, remains limited despite their 
potential to reveal nuanced performance patterns that 
traditional assessments overlook. 

The development of analytical thinking skills has 
become increasingly critical in modern science 
education, particularly as curricula emphasize scientific 
reasoning, conceptual understanding, and problem-
solving over rote memorization (Karla et al. 2022; Nieto-
Jalil, Lozano-Aponte, and Rojas 2024). Constructivist 
learning theory posits that meaningful learning occurs 
when students actively construct knowledge through 
analysis, synthesis, and application rather than passive 
reception (Vygotsky, 1978; Piaget, 1952). This theoretical 
foundation underscores the necessity of developing 
analytical thinking as a mechanism for deep learning in 
physics. However, traditional assessment methods often 
fall short in capturing the multidimensional nature of 
analytical thinking, leading to incomplete profiles of 
student abilities and learning needs (Demir 2022; 
Hidayat et al. 2024; Surin and Damrongpanit 2024). 
Without accurate ability profiling, educators cannot 
effectively differentiate instruction or provide targeted 
support to students at varying performance levels. 

Recent pedagogical innovations such as 3D 
printing, STEAM-based simulators, digital learning, and 
collaborative instructional modules have shown 
potential in fostering analytical thinking (Greenholts 

and Verner 2020; Levin and Verner 2020; Setiaji et al. 
2023). These approaches emphasize student-centered 
learning, cognitive engagement, and higher-order 
reasoning, aligning well with the demands of analytical 
thinking development. However, the effectiveness of 
these interventions depends on baseline understanding 
of student capabilities and identification of specific areas 
requiring improvement. 

Rasch measurement theory offers a sophisticated 
psychometric framework for examining cognitive 
abilities, grounded in the principle of probabilistic test 
theory and the assumption that person ability and item 
difficulty can be estimated independently (Rasch, 1960; 
Bond and Fox, 2015). It provides interval-level 
measurement, controls for measurement error, and 
enables detailed analysis of both person abilities and 
item characteristics on a shared logit scale (Altıntaş and 
Kutlu 2020; Wiyarsi et al. 2019). Unlike classical test 
theory, which relies on sample-dependent statistics, 
Rasch modeling supports the identification of learning 
gaps, misfitting response patterns, and subgroup 
performance differences with statistical rigor and 
sample-independent parameter estimation. This 
theoretical advantage makes Rasch analysis particularly 
suitable for diagnostic educational assessment and 
individualized learning support. 

Although Rasch analysis has gained recognition in 
educational research, limited studies have applied this 
method to analyze analytical thinking abilities within 
physics education—especially in Southeast Asian or 
Indonesian contexts. This geographical gap is significant 
because educational systems, cultural learning 
orientations, and curricular emphases differ 
substantially across regions, potentially influencing how 
analytical thinking manifests among students. In 
addition, gender-based performance differences in 
analytical thinking remain underexplored, despite 
recurring disparities in STEM achievement and 
participation (Kocaman 2023; Tosyali and Aktas 2021). 
Understanding whether and how gender influences 
analytical thinking performance is essential for 
developing equitable educational interventions. 

Given these considerations, this research is 
conducted for several critical reasons. First, it addresses 
the methodological gap by applying Rasch 
measurement—a robust psychometric approach—to 
assess analytical thinking in physics education, 
providing more precise ability estimates than traditional 
scoring methods. Second, it responds to the contextual 
gap by examining analytical thinking patterns within the 
Indonesian higher education system, where physics 
teacher preparation programs are rapidly expanding yet 
empirical evidence on student competencies remains 
scarce. Third, it explores gender differences to inform 
equity-focused instructional strategies that ensure all 
students, regardless of gender, have equal opportunities 
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to develop analytical thinking skills. Fourth, the findings 
will serve as an empirical foundation for designing 
differentiated instruction and targeted interventions 
tailored to diverse student ability levels. 

This study serves as a preliminary investigation 
aimed at mapping the analytical thinking abilities of 
physics education students at Universitas Pendidikan 
Indonesia. The findings are expected to inform the 
design of more targeted instructional interventions to 
enhance students' analytical thinking skills in future 
educational programs. Specifically, we investigate: (1) 
the distribution and characteristics of analytical thinking 
abilities, (2) gender differences in performance patterns, 
and (3) student performance profiles across different 
analytical thinking domains. By establishing a detailed 
ability profile of physics education students, this 
research contributes both to the theoretical 
understanding of analytical thinking development and 

to practical efforts to optimize physics teacher 
education. 
 
Method  
 
Time and Place of The Research 

This research was conducted during the 2023/2024 
academic year at Universitas Pendidikan Indonesia. The 
study involved undergraduate students enrolled in the 
physics education program and was carried out 
following institutional ethics approval. 
 
Research Design 

This study employed a cross-sectional survey 
design (see FIGURE 1) to examine analytical thinking 
abilities among physics education students using Rasch 
measurement principles. 

 

 
Figure 1. Sequential steps of the cross-sectional survey research design  

 
The population consisted of all undergraduate 

students enrolled in the physics education program at 
the university. A total of 35 students (20 females and 15 
males) from second to fourth year cohorts participated 
in this study, with ages ranging from 18 to 22 years (M = 
19.4, SD = 1.2). The sample was selected using 
convenience sampling, a non-probability technique 
appropriate for exploratory studies where participants 
are readily accessible (Creswell and Creswell 2018). The 
sample size met the recommended minimum threshold 
of 30 participants required for stable parameter 
estimation in Rasch analysis with dichotomous data 
(Wright & Stone, 1979). The research variable examined 
was students' analytical thinking ability, operationalized 
through performance on a standardized multiple-choice 
test. Data were collected through a single administration 
of the analytical thinking assessment instrument. The 
instrument comprised 20 multiple-choice items covering 
four analytical thinking domains: (1) identifying 
problems, (2) recognizing and precisely identifying 
relational patterns, (3) identifying and evaluating 
reasoning errors, and (4) summarizing main ideas. The 
framework was adapted from the National Center for 
the Improvement of Educational Assessment (NCIEA, 
2024) and indicators developed by Fitriani & Fadly 

(2022). Items were categorized by representational 
format verbal, visual, and mathematical, to reflect the 
cognitive diversity required in physics education (see 
Table 1 and Figure 2).  
 
Table 1. Distribution of Analytical Thinking Test Items 
Based on Skill Indicators and Representation Categories 
Analytical Thinking Skill 
Indicator 

Representation 
Category 

Item Number 

Identifying problems Verbal 1 
 Visual 2,3,4 
 Mathematical 5,6 
Finding and precisely 
identifying relational 
patterns 

Verbal 7 

 Visual 8,9,10,11, 13 
 Mathematical 12, 13 
Identifying and 
evaluating reasoning 
errors 

Verbal 14,15 

 Visual 16 
 Mathematical 17 
Summarizing main ideas Verbal 18 
 Visual 19 
 Mathematical 20 
 

Interpretation 
& ReportingData AnalysisData 

Collection

Sampling & 
Participant 

Recruitment

Setting 
Objectives

Problem 
Identification
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The instrument had been previously developed and 
content-validated by three physics education specialists, 

ensuring its appropriateness for measuring analytical 
thinking in the target population. 

 

 
Figure 2. Example of an analytical thinking test item in indonesian and english versions 

 
Rasch analysis was conducted using Winsteps 

software (Linacre, 2023) to estimate person ability 
measures, examine score distributions, and identify 
patterns of student performance. 
 
Research Data Analysis 

Data analysis was conducted exclusively using 
Rasch measurement theory to examine students' 
analytical thinking abilities. Person ability measures 
were estimated on a logit scale, providing interval-level 
measurement that allows for meaningful comparisons. 
The analysis focused on several key aspects: (1) person 
reliability indices to assess the consistency of the 
measurement, (2) ability spread to understand the range 
and distribution of student performance, and (3) gender-
based comparisons to identify potential differences 
between male and female students. Model fit was 
evaluated using INFIT and OUTFIT mean square 
statistics, with acceptable values ranging from 0.5 to 1.5, 
indicating that item responses were consistent with the 
Rasch model expectations. Statistical comparisons 
between groups were tested at a significance level of p < 
0.05, and practical significance was assessed using 
Cohen's d effect size, where values of 0.2, 0.5, and 0.8 
represent small, medium, and large effects, respectively. 
No item-level analysis, revision, or recalibration was 
conducted, as the study's purpose was not instrument 
refinement but rather to explore and describe the 
analytical thinking ability levels of students and to 
identify implications for instructional planning and 
targeted student support interventions. 
 
Result and Discussion 
 
Model Fit and Measurement Quality 

Rasch analysis revealed that the analytical thinking 
instrument yielded strong measurement properties 

when applied to responses from 35 physics education 
students. Person reliability reached 0.82, this reliability 
value is comparable to those reported in similar Rasch-
based studies of cognitive assessment in STEM 
education, where reliability indices typically range from 
0.75 to 0.85 (Adawiyah et al. 2020; Altıntaş and Kutlu 
2020; Wiyarsi et al. 2019) with a separation index of 2.12 
shown in TABLE 2 and FIGURE 3, indicating that the 
instrument could consistently distinguish students 
across approximately three levels of ability. Cronbach’s 
alpha was also high (0.87) shown in FIGURE 3, 
demonstrating internal consistency. Such findings 
highlight the instrument’s suitability for diagnostic and 
instructional purposes in physics education contexts, 
aligning with prior research emphasizing the need for 
valid and reliable tools in assessing complex cognitive 
skills in STEM domains (Mohareb and Al Khraisha 
2025). 

 
Table 2. Summary Statistics for Student Abilities 
Statistic Value 
Mean Measure -0.15 logits 
Standard Deviation 1.79 logits 
Minimum -4.43 logits 
Maximum 4.41 logits 
Range 8.84 logits 
Person Reliability 0.82 
Cronbach's Alpha 0.87 
 

The targeting analysis showed that the mean item 
difficulty was 0.00 logits (by default), while the mean 
student ability was -0.15 logits. This indicates a slight 
mismatch, where test items were marginally more 
difficult than the average student's ability (Bond & Fox, 
2015; Linacre, 2023). Although minor, this gap suggests 
that refining the instrument particularly by including 
easier items could better accommodate the lower-
performing cohort and enhance measurement precision. 
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The output result on Winstep regarding the summary of 
measured persons can be seen in Figure 3. 

 

 
Figure 3. Summary of rasch person statistics for analytical thinking assessment 

 
Person fit statistics further reinforced the model’s 

robustness. Among the 32 non-extreme respondents, the 
average INFIT MNSQ was 1.00 and the OUTFIT MNSQ 
was 1.10 both within the acceptable range of 0.5 to 1.5 
(Linacre, 2023) indicating that student responses aligned 
well with the Rasch model shown in FIGURE 3. These 
results support the unidimensionality of the analytical 

thinking construct being measured, strengthening the 
validity of inferences drawn from the instrument. Only 
one respondent (Person 21P, 2.9%) displayed misfit 
behavior, likely due to guessing or topic-specific 
difficulty rather than a fundamental lack of analytical 
skill. The results of the person fit analysis for non-
extreme respondents can be seen in Figure 4. 

 

 
Figure 4. Summary of person fit statistics for non-extreme respondents 

 
The wide spread of student abilities (range = 8.84 

logits) reflects substantial heterogeneity in analytical 
thinking development, consistent with cognitive load 
theory (Sweller et al., 2011) and other studies suggesting 

that complex reasoning develops at varied rates based 
on students’ prior knowledge, metacognitive skills, and 
instructional experiences (Lombardi 2023). This 
heterogeneity highlights the importance of 
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differentiated instructional strategies and the potential 
of the Rasch model to inform targeted interventions. 

In addition, the results reinforce the value of using 
Rasch-based diagnostics in combination with 
technology-enhanced learning tools to support 
analytical skill development. Previous research has 
demonstrated that instructional innovations such as 
socio scientific inquiry (Noris et al. 2025), flipped-book-
based learning (Sari et al. 2025), and simulation-based 
environments (Thabvithorn and Samat 2022) can 
enhance analytical engagement and performance. 
Notably, computational tools like coding education have 
been shown to improve sub-skills critical to analytical 
thinking, such as sorting, classification, and comparison 
(Kocaman 2023). 

Overall, the high reliability and model fit values 
observed in this study provide compelling evidence that 
the instrument is both psychometrically sound and 
instructionally informative. Its use in classroom settings 
can support both formative assessment and curriculum 
alignment, particularly when paired with pedagogical 
strategies that address diverse cognitive profiles 
 
 

Distribution and Dimensions of Analytical Thinking Abilities 
The analytical thinking abilities of the 35 

participating students displayed substantial variation, 
ranging from -4.43 to +4.41 logits a total span of 8.84 
logits can be seen FIGURE 3. This wide range indicates 
significant diversity in cognitive skill levels within the 
group and supports the need for differentiated 
instructional approaches (Lombardi 2023; Tomić 2021). 
The average person ability can be seen FIGURE 3 (-0.15 
logits) was slightly lower than the item mean (0.00 
logits), indicating that the test items were moderately 
more challenging than the average student’s ability. 
Such misalignment, though small, suggests 
opportunities to refine the item difficulty to better target 
the majority of learners (Wang and Shan 2025). 
As shown in FIGURE 5, the distribution of abilities 
allowed the classification of students into three 
achievement categories: high, moderate, and low 
performers. Notably, 8.6% of students were impacted by 
extreme scores two achieving perfect scores (ceiling 
effect; 23L;24P) and one scoring zero (floor effect; 03P) 
shown in FIGURE 6. These extremes further emphasize 
the need to broaden the item difficulty range in future 
versions of the test. 

 

  
(a) (b) 

Figure 5. Analytical thinking ability distribution: (a) performance levels and (b) Rasch-based ability measures. 
 

Overall, the majority of physics education students 
at Universitas Pendidikan Indonesia (UPI) in this study 
were classified as average achievers (48.6%) indicating 
that, in general, their analytical thinking abilities remain 
at a moderate level, this distribution pattern aligns with 
findings from Dewi et al. (2024); Marisda et al. (2024), 
who also observed that approximately half of 
Indonesian physics students demonstrated moderate 
analytical thinking levels, suggesting a systemic need for 
instructional enhancement. This finding suggests a clear 
need to strengthen instructional strategies that focus on 
problem-solving, reflective reasoning, and higher-order 

thinking skills within the physics education curriculum. 
These results underscore the importance of systematic 
instructional improvements to foster students’ analytical 
competence. Given the increasing demands of 21st-
century education, workplace problem-solving, and 
global competition, enhancing students’ analytical 
thinking is essential. Strategic interventions—such as 
problem-based learning, structured argumentation 
tasks, and formative diagnostic assessments—could 
support the development of higher-order cognitive 
abilities among future physics educators. 
 

25.70%

48.60%
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Figure 6. Person Measure Order from Rasch Analysis 

 
In terms of indicator-level performance, analysis 

revealed that students performed best in “Finding and 
Precisely Identifying Relational Patterns” (48.2%), 
followed by “Identifying Problems” (46.7%) can be seen 
in FIGURE 7. This suggests that students are relatively 
proficient in recognizing connections and decomposing 
complex physics problems, likely due to procedural 
emphasis in traditional instruction (Udonsathian and 
Worapun 2024). In contrast, lower scores were observed 
in “Summarizing Main Ideas” (44.7%) and “Identifying 
and Evaluating Reasoning Errors” (43.5%). These 
dimensions require higher-order metacognitive abilities 
such as abstraction, evaluation, and synthesis, which are 
often underdeveloped in physics curricula (Dewi et al. 
2024; Özsoy-Güneş et al. 2015). 
 

 
Figure 7. Percentage of Correct Responses by Analytical 

Thinking Indicator 
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This performance imbalance points to a need for 
more integrative instructional approaches that not only 
emphasize conceptual mastery and problem-solving but 
also cultivate reflective reasoning and evaluative 
thinking. Studies (Anthonysamy et al. 2024; Mohareb 
and Al Khraisha 2025) have demonstrated that 
incorporating dialogic reasoning, peer critique, and 
structured argumentation into science education can 
significantly improve performance in these more 
complex analytical domains. 

 
Gender Differences in Analytical Thinking 

A gender-based breakdown revealed a moderate 
performance gap: male students scored higher on 
average (0.15 logits) than female students (-0.31 logits), 
with a mean ability difference of 0.46 logits shown in 
TABLE 3. This magnitude of gender difference is 
consistent with meta-analyses in STEM analytical 
assessment (Anyafulude 2013; Marín-Marín et al. 2021; 
Samaradiwakera-Wijesundara 2022; Tosyali and Aktas 
2021), which reported effect sizes ranging from 0.3 to 0.5 
in similar contexts. As shown in Figure 8, this 
discrepancy manifested most clearly among low 
achievers, where 35% of female students fell into this 
group compared to only 13.3% of males. Conversely, 
males had a higher proportion of high achievers (33.3%) 
than females (20%). 

 
Table 3. Analytical Thinking Performance by Gender 
Measure Male 

(n=15) 
Female 
(n=20) 

Difference 

Mean Logits 0.15 -0.31 0.46 
Standard Deviation 1.65 1.88 - 
Range -2.41 to 

4.41 
-4.43 to 

4.41 
- 

High Achievers (%) 33.3% 
(5/15) 

20.0% 
(4/20) 

+13.3% 

Average Achievers 
(%) 

53.3% 
(8/15) 

45.0% 
(9/20) 

+8.3% 

Low Achievers (%) 13.3% 
(2/15) 

35.0% 
(7/20) 

-21.7% 

 
Although these differences were not statistically 

tested in this study, the patterns observed align with 
existing literature suggesting that gender-based 
performance differences in analytical thinking may arise 
from factors such as stereotype threat, academic self-
concept, and prior exposure to cognitively demanding 
tasks (Çoksan and Yilmaz 2024; Early et al. 2020; Sunyík 
and Čavojová 2023). The importance of fostering physics 
identity and sustained engagement particularly for 
female students has been emphasized as a key factor in 
closing achievement gaps in STEM learning (Irdalisa et 
al. 2024; Sultan et al. 2024). These findings reinforce the 
call for gender-sensitive instructional design and 
assessment approaches that account for the broader 

sociocultural and motivational factors shaping student 
performance in analytical domains. 

 

 
Figure 8. Performance distribution by gender 
 

Implications and Recomendations for Physics Education 
The substantial heterogeneity in analytical thinking 

abilities observed in this study has important 
implications for physics education. The wide spread of 
student abilities (range = 8.84 logits) reflects substantial 
differences in analytical thinking development, 
consistent with cognitive load theory (Sweller et al., 
2011) and studies suggesting that complex reasoning 
develops at varied rates based on students' prior 
knowledge, metacognitive skills, and instructional 
experiences (Lombardi 2023). 

This heterogeneity highlights the importance of 
differentiated instructional strategies and the potential 
of diagnostic analysis to inform targeted interventions. 
The results support the value of using assessment-based 
diagnostics in combination with technology-enhanced 
learning tools to support analytical skill development. 
Previous research has demonstrated that instructional 
innovations such as socio-scientific inquiry (Noris et al. 
2025), flipped-book-based learning (Sari et al. 2025), and 
simulation-based environments (Thabvithorn and 
Samat 2022) can enhance analytical engagement and 
performance. 

The identification of three distinct performance 
levels (high, average, and low achievers) suggests that 
instructional approaches should be tailored to meet the 
specific needs of each group. High achievers may benefit 
from advanced problem-solving challenges and 
independent inquiry projects, while low achievers may 
require more scaffolded instruction and foundational 
skill development. 

Based on the findings that the majority of physics 
education students at Universitas Pendidikan Indonesia 
were classified as average achievers in analytical 
thinking, targeted educational improvements are 
warranted. Firstly, curriculum design should be 
enriched with higher-order tasks that foster critical 
analysis, conceptual reasoning, and metacognitive 
reflection. Integrating inquiry-based learning, 

0.00%

20.00%

40.00%

60.00%
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argument-driven inquiry, and reflective assessment 
methods has been shown to significantly improve 
analytical thinking in science education (Anthonysamy 
et al. 2024; Udonsathian and Worapun 2024). Secondly, 
students who fall into the low-achiever category require 
differentiated instructional support, including 
scaffolding strategies, feedback-rich environments, and 
explicit modeling of reasoning processes (Dewi et al. 
2024; Kurrer 2016; Marisda et al. 2024; Puvia et al. 2020). 

The integration of technology-enhanced learning 
environments such as simulation-based modules, 
flipped learning, and scenario-based tasks can also play 
a crucial role in strengthening analytical thinking by 
offering interactive, cognitively demanding experiences 
(Setiaji et al. 2023; Thabvithorn and Samat 2022). 
Furthermore, the gender-based discrepancies observed 
in this study highlight the importance of adopting 
gender-sensitive pedagogical approaches that promote 
equitable opportunities and mitigate potential 
stereotype threats, which are known to affect female 
performance in STEM domains (Irdalisa et al. 2024; 
Sultan et al. 2024). 

Additionally, the use of Rasch-based diagnostics in 
regular classroom assessment can provide evidence-
based feedback to guide instruction, monitor cognitive 
growth, and ensure alignment between student abilities 
and task difficulty (Altıntaş and Kutlu, 2020; Linacre, 
2023). Finally, future research should extend this study 
by employing larger, more diverse samples and 
longitudinal designs to track the development of 
analytical thinking over time and in response to specific 
educational interventions (Noris et al. 2025; Wang and 
Shan 2025). 

 
Conclusion  

 
This study examined the analytical thinking 

abilities of physics education students using Rasch 
measurement theory, revealing substantial 
heterogeneity in performance across the sample. The 
instrument demonstrated strong psychometric 
properties, enabling reliable distinction of students 
across three performance levels: high achievers, average 
achievers, and low achievers. Analysis of analytical 
thinking dimensions showed that students performed 
best in identifying relational patterns and identifying 
problems, while struggling with summarizing main 
ideas and evaluating reasoning errors, indicating 
underdevelopment in higher-order metacognitive skills. 
Gender-based analysis revealed that male students 
outperformed females, with females disproportionately 
represented among low achievers, suggesting the 
influence of sociocultural and motivational factors. 
These findings underscore the critical need for 
differentiated instructional strategies tailored to diverse 
ability levels, curriculum enrichment with higher-order 

cognitive tasks, scaffolded support for struggling 
students, and gender-sensitive pedagogical approaches 
to ensure equitable learning opportunities. The Rasch 
modeling approach provided a statistically rigorous and 
instructionally actionable framework for diagnostic 
assessment, demonstrating its value for informing 
evidence-based curriculum design, targeted 
interventions, and systematic efforts to enhance 
analytical thinking development in physics education. 
Future research should employ larger and more diverse 
samples with longitudinal designs to track the 
development of analytical thinking over time and 
evaluate the effectiveness of specific instructional 
interventions in addressing identified performance 
gaps. 
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