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Abstract: Critical thinking skills are essential competencies in 21st-century physics learning. However, the availability of 

assessment instruments that accurately measure these skills remains limited, particularly for physics topics such as 

temperature and heat. Previous studies have rarely integrated Rasch modelling into the development of critical-thinking 

assessment instruments, particularly at the secondary school level. Therefore, this study aimed to develop and analyze the 

validity, reliability, and item fit of a critical thinking skills test instrument on temperature and heat topics using the Rasch 

model. This study employed a Research and Development (R&D) approach using the ADDIE model, comprising Analysis, 

Design, Development, Implementation, and Evaluation stages. The instrument consisted of 20 multiple-choice items 

constructed from critical-thinking indicators. Content validity was analyzed using Aiken’s V, while empirical analysis was 

conducted using the Rasch model through Ministeps Software. The analysis included item reliability, person reliability, item 

fit, difficulty level, and unidimensionality. The results showed that the instrument achieved an average Aiken’s V value of 

0.8068, indicating that the instrument met the content validity criteria. Rasch analysis revealed that the item reliability was 

0.86, while the person reliability was 0.35. In addition, 19 items were categorized as fit, whereas one item was identified as 

a misfit and required revision. The instrument also met the unidimensionality requirement with a raw variance explained 

value of 22.7%. In conclusion, the developed instrument meets the criteria for validity, reliability, and item fit and is suitable 

for measuring students’ critical thinking skills on topics related to temperature and heat. The findings indicate that Rasch 

modelling can support the development of more objective and comprehensive assessment instruments for physics learning 

and classroom assessment practices.  
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Introduction  

 
Critical thinking skills are one of the essential 

competencies in 21st-century learning that students must 

possess. These skills play a crucial role in enabling students 

to understand concepts deeply, analyze information, evaluate 

arguments, and make rational, evidence-based decisions [1] 

[2]. In the context of physics education, critical thinking 

skills are particularly important because students are 

required to comprehend abstract concepts and solve 

problems systematically and logically [3] [4]. In physics 

learning, critical thinking skills also help students connect 

scientific concepts to real-life phenomena and solve 

problems systematically [5]. 

Recent studies indicate that students’ critical thinking 

skills remain relatively underdeveloped [6]. This condition 

is attributed to teacher-centered instruction and the lack of 

evaluation tools capable of measuring higher-order thinking 

skills [7]. Recent research also indicates that integrating 

technology and digital learning media can enhance students’ 

critical thinking skills; however, implementation remains 

suboptimal in school settings [8] [9]. 

A similar situation is also found in Indonesia. Several 

studies report that students’ critical thinking skills in physics 

education still need improvement through the 

implementation of innovative learning strategies and 

appropriate assessment instruments [10]. More recent 

studies also emphasize that the use of Higher Order Thinking 

Skills (HOTS)-based instruments and the problem-based 

learning (PBL) approaches can significantly improve 

students’ critical thinking skills [11] [12]. Therefore, 

assessment instruments that can objectively and 

comprehensively measure critical thinking skills are needed 

to provide more accurate information about students’ 

abilities [13], [14]. 

However, the development of instruments to measure 

critical thinking skills continues to face various challenges 

[15]. One of the main problems is the use of classical test 

theory approaches, which have limitations in deeply 

analyzing item quality, such as reliability, difficulty level, 

and item fit [16] [17]. This approach often fails to provide 

comprehensive and accurate information about the 

instrument's overall characteristics [18]. 

As an alternative, the Rasch model offers a modern 

measurement approach that enables more comprehensive 

analysis of instrument characteristics, including reliability, 

item difficulty, and item fit [19]. This model allows 

researchers to evaluate reliability, difficulty level, and item 

fit simultaneously, thereby producing more valid and 

accurate instruments [20]. Additionally, the Rasch model 

enables unidimensionality analysis to ensure that the 

instrument truly measures a single main construct [17]. 
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Therefore, the Rasch model has been widely used in 

educational measurement research because it provides more 

detailed measurement information than classical test theory 

approaches [21], [22]. 

Although various studies have demonstrated the 

advantages of the Rasch model, its application in developing 

critical thinking skill instruments for physics education, 

particulary regarding temperature and heat, remains limited 

[23]. Moreover, studies that analyze validity, reliability, and 

item fit of instruments using the Rasch model in depth at the 

secondary school level are still scarce [24]. This condition 

indicates the need for assessment instruments that can 

measure critical thinking skills more objectively and in ways 

appropriate to the characteristics of physics learning [25], 

[26]. 

Based on the above considerations, there is a gap 

between the need for critical thinking assessment 

instruments that meet the criteria of validity, reliability, and 

item fit and the availability of instruments that have been 

comprehensively tested [27]. Therefore, this study aims to 

develop and analyze the validity, reliability, and item fit of a 

test instrument for measuring students’ critical thinking 

skills on temperature and heat topics using the Rasch model.  

 

Research Methods  
 

This study employs a Research and Development 

(R&D) approach to develop a valid and reliable instrument 

for assessing critical thinking skills on the topic of 

temperature and heat [28]. The R&D approach was chosen 

because this study aims not only to measure but also to 

produce an educational instrument through a systematic 

process of design, development, validation, and evaluation 

[16]. The research stages include needs analysis, instrument 

design, item development, expert validation, revision, pilot 

testing, data analysis, and instrument evaluation and 

finalization [29].  

At the Analysis stage, a needs analysis was conducted 

through literature reviews and classroom observations to 

identify problems related to measuring students’ critical 

thinking skills in physics learning [15]. In the design stage, 

the instrument blueprint was prepared, critical thinking 

indicators were determined, and item specifications were 

developed [30], [31]. The Development stage included 

developing the instrument items, conducting expert 

validation, and revising the instrument based on the 

validators’ suggestions [32]. The Implementation stage 

involved conducting the field testing with students, while the 

Evaluation stage involved analyzing the collected data using 

the Rasch model [33]. 

 

 
 

Figure 1. ADDIE-based instrument development procedure 

The research subjects were 11th-grade high school 

students who had studied temperature and heat. Subject 

selection was conducted using a purposive approach, 

considering the alignment of the material studied with the 

developed instrument [34]. The research instrument consists 

of 20 multiple-choice items designed based on critical 

thinking skill indicators according to [35], which include 

analyzing arguments, identifying assumptions, evaluating 

information, drawing conclusions, and making decisions. 

Data collection was conducted in several stages. In 

the initial stage, a needs analysis was performed to identify 

issues in measuring students’ critical thinking skills through 

literature reviews and observations [15]. Subsequently, 

expert validation was conducted using an instrument 

validation sheet covering aspects of content, construction, 

and language. Each item was assessed using a Likert scale 

ranging from 1-to-5, from “Not Applicable” to “Very 

Applicable” [36]. This validation process aimed to ensure 

that the developed instrument was appropriate for measuring 

indicators of critical thinking skills and suitable for research 

use [37]. 

 
Table 1. Likert Scale 

Criteria Description 

1 Very Appropriate 

2 Suitable 

3 Fairly Appropriate 

4 Not Very Appropriate 

5 Not Appropriate 

 
The expert validation results were analyzed using 

Aiken’s V index to determine the instrument’s content 

validity. The instrument was validated by five validators, 

consisting of three physics education lecturers and two 

physics teachers. Revisions were subsequently made based 

on validators’ suggestions before the instrument was tested 

with students [38], [39]. The revisions included improving 

item wording, clarifying contextual information, refining 

answer options, and adjusting items to better align with 

critical-thinking indicators. In addition, validators suggested 

adding image identifiers and shortening several item 

narratives to reduce students’ misconceptions and improve 

readability [40], [41]. One example of item revision based on 

validator feedback is presented in Figures 2 and 3. 
 

Table 2. Aiken’s V Index 
Criteria Description 

V ≥ 0.80 Valid 

V < 0.80 Invalid 

 
The validity formula proposed by Aiken is as follows: 

 

𝑉 =
∑ 𝑠

𝑛(𝑐 − 1)
 

Explanation: 

V: Item validity index 

𝑠 = 𝑟 − 𝑙0 : Score given by the rater;  

𝑙0: Lowest score 

𝑐 ∶ Number of rating categories 

𝑛 ∶ Number of validators 
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Figure 2. Example of a test item before revision  

 

 
Figure 3. Example of an item after revision 

 
Following the revisions, the developed items 

became clearer, more systematic, and more closely aligned 

with the critical thinking indicators being assessed [42], [43], 

[44], [45]. The revision process also contributed to 

minimizing potential misconceptions and enhancing the 

readability of the instrument prior to the field testing 

stage.[46]. 

The instrument trial was conducted in one testing 

session under the supervision of the physics teacher to obtain 

students’ response data [47], [48], [49]. The collected data 

were analyzed using the Rasch model through Winsteps 

software because this model provides more comprehensive 

information regarding instrument characteristics compared 

to classical test theory [20]. The analysis included person and 

item reliability, item fit based on INFIT and OUTFIT Mean 

Square (MNSQ) values, difficulty levels on the logit scale, 

and unidimensionality through Principal Component 

Analysis (PCA) of the residuals [50]. The interpretation of 

the analysis results was based on the Rasch model criteria, 

namely:  

 

Table 3. Item Fit Criteria Based on the Rasch Model 

Criteria Value 

Outfit Mean Square 

(MNSQ) Value 

0.5 < MNSQ < 1.5 

Z-Standard Outfit 

Value (ZSTD) 

-2.0 < ZSTD < +2.0 

Point Measure 

Correlation Value 

(PtMeaCorr) 

0.4 < PtMeaCorr < 0.85 

 

Table 4. Reliability Criteria for the Rasch Model 

Parameter Value Category 

Person 

Reliability 

> 0.80 Very Good 

0.60 – 0.80 Good 

0.40 – 0.60 Fair 

< 0.40 Weak 

Reliability 

Item 

>0.90 Very Good 

0.80 – 0.90 Good 

0.70 – 0.80 Fair 

< 0.70 Low 

Cronbach's 

Alpha 

> 0.80 Very Good 

0.60 – 0.80 Good 

0.40 – 0.60 Fair 

< 0.40 Low 

 

Results and Discussion  

 
The results of this study present the validity, 

reliability, item fit, difficulty level, and unidimensionality of 

the critical thinking skills test instrument, developed through 

expert validation and Rasch model analysis [51], [52]. The 

instrument consisted of 20 multiple-choice items on 

temperature and heat and was developed based on critical-

thinking indicators proposed by [53]. 

In the initial stage, the instrument was validated by 

five expert validators, comprising three physics education 

lecturers and two physics teachers. Validation was 

conducted for the aspects of content, construction, and 

language using a 1-5 Likert scale [54]. The results of Aiken’s 

V index calculation for each item and their averages are 

presented in Table 5. 

 

Table 5. Results of Content Validity for the Critical 

Thinking Skills Test Instrument (n = 5 validators) 
Aspect Average 

Aiken’s V 

Category 

Content 0.8121 Valid 

Construction 0.8046 Valid 

Linguistics 0.8038 Valid 

Overall 

Average 

0.8068 Valid 

 

Based on Table 5, the average Aiken’s V index for all 

aspects is 0.8068, which falls within the valid category (V ≥ 

0.80). These results indicate that the developed instrument 

met the content validity criteria and was suitable for field 
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testing after revisions based on validators’ suggestions. The 

highest validation score was obtained for the content aspect, 

indicating that the developed items were relevant to the 

critical-thinking indicators and to the concepts of 

temperature and heat. The Aiken’s V value for each item is 

presented in Table 6. 

 

Table 6. Aiken’s V Values for Each Item 
Item Aiken’

s V 

Item Aiken’s 

V 

Item Aiken’s 

V 

Item 1 0.800 Item 8 0.812 Item 15 0.800 

Item 2 0.812 Item 9 0.804 Item 16 0.800 

Item 3 0.808 Item 10 0.804 Item 17 0.817 

Item 4 0.804 Item 11 0.800 Item 18 0.796 

Item 5 0.804 Item 12 0.817 Item 19 0.800 

Item 6 0.800 Item 13 0.808 Item 20 0.800 

Item 7 0.804 Item 14 0.812   

 

The results in Table 6 show that all items achieved 

Aiken’s V value above 0.80, indicating that each item met 

the validity criteria. These findings suggest that the 

developed items were considered appropriate in terms of 

content, construction, and language for measuring students’ 

critical thinking skills [27]. Revisions based on validators’ 

suggestions were made before the field testing stage to 

improve the instrument's clarity and readability. Examples of 

item revisions are presented in Figure 2 and Figure 3. After 

the revision process, the instrument was tested with 11th-

grade students who had studied the topics of temperature and 

heat [55]. The collected response data were analyzed using 

the Rasch model through Winsteps software. The reliability 

analysis results are presented in Table 7. 

 

Table 7. Reliability Analysis Results Based on the Rasch 

Model 
Analysis Aspect Value Category 

Person Reliability 0.35 Weak 

Item Reliability 0.86 Good 

Cronbach’s Alpha 0.51 Moderate  

 

Based on Table 7, the item reliability value of 0.86 

indicates that the developed items showed good consistency 

in measuring critical thinking skills. This finding is 

consistent with previous studies reporting that item 

reliability above 0.80 indicates good consistency of 

instrument items in measuring the intended construct [17], 

[56]. This result suggests that the items functioned 

consistently and adequately differentiated students’ abilities. 

Meanwhile, the person’s reliability value of 0.35 was 

categorized as weak, indicating variations in students’ 

response patterns and differences in students’ critical 

thinking abilities. This result may have been influenced by 

differences in students’ understanding of temperature and 

heat concepts, as well as by students’ limited experience 

answering critical-thinking-based questions. 

The Cronbach’s Alpha value of 0.51 indicates a 

moderate interaction between persons and items. These 

findings are consistent with previous Rasch-based studies 

indicating that low person reliability can result from 

differences in students’ abilities, inconsistent response 

patterns, and limited familiarity with higher-order thinking 

questions.  The item fit analysis was conducted to determine 

the suitability of each item with the Rasch model criteria. 

The results of the item fit analysis are presented in Table 8. 

 

Table 8. Item Fit Analysis Results 
Category  Number of Items Description 

Fit  19 Matches 

Not Fit 1 (Item 13) Needs 

Revision 

 

The analysis showed that 19 items met the Rasch 

model fit criteria, indicating that the items functioned 

consistently in measuring students’ critical thinking skills. 

However, one item was categorized as a misfit and required 

revision. The presence of a misfit item indicates 

inconsistency between the item and students’ response 

patterns. Therefore, revision was necessary to improve the 

alignment between the item and the measured construct. 

These findings indicate that most of the developed 

items were appropriate for measuring critical thinking skills 

and aligned with the Rasch measurement model. Similar 

findings have also been reported in previous Rasch-based 

instrument development studies, in which a small number of 

misfit items commonly appear during testing and require 

refinement before wider implementation. The difficulty-

level analysis was conducted using logit values from the 

Rasch analysis. The distribution of item difficulty levels is 

presented in Table 10. 

 

Table 9. Distribution of Item Difficulty Levels 
Difficulty Level Number of Items 

Very Easy (Logit ≤ -1.0) Items 17, 19 

Easy (-1.0 < Logit ≤ -0.5) Items 2, 5, 8, 9, 12, 14, 

15, 18, 20 

Moderate (-0.5 < Logit ≤ 0.5) Items 1, 3, 6, 7, 10, 16 

Difficult (0.5 < Logit ≤ 1.0) - 

Very Difficult (Logit > 1.0) Items 4, 11 

 

 Based on Table 9, the results showed that the 

developed instrument consisted of items with varying 

difficulty levels. Two items were categorized as very easy, 

nine items as easy, six items as moderate, and two items as 

very difficult, while no items were classified as difficult. The 

variation in item difficulty indicates that the instrument 

measured students’ critical thinking skills across different 

ability levels [18]. The distribution of item difficulty levels 

is illustrated in Figure 

 
Figure 4. Distribution of item difficulty levels 
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The presence of items with varying levels of 

difficulty is important in critical thinking assessment because 

it enables the instrument to identify students with different 

levels of understanding and reasoning abilities. In addition, 

balanced item difficulty contributes to more comprehensive 

measurement results. The unidimensionality analysis was 

conducted using Principal Component Analysis (PCA) of 

residuals to determine whether the instrument measured a 

single construct consistently. The results are presented in 

Table 10. 

 

Table 10. Unidimensionality Analysis Results 

Aspect Value 

Raw Variance Explained by Measures 22.7% 

 

The PCA results showed that the raw variance 

explained by measures was 22.7%, indicating that the 

instrument met the unidimensionality requirement. This 

result suggests that the instrument consistently measured a 

single construct, namely, students’ critical thinking skills on 

temperature and heat topics. The obtained value also 

indicates that the instrument measured a single dominant 

construct, which is important in Rasch-based measurement 

analysis. 

Overall, the findings indicate that the developed 

instrument met the criteria of validity, reliability, item fit, 

and unidimensionality based on Rasch model analysis [56]. 

Therefore, the instrument can be used to measure students’ 

critical thinking skills in physics, particularly in the topics of 

temperature and heat. In addition, the use of the Rasch model 

contributed to a more objective and comprehensive analysis 

in evaluating the developed instrument.  
 

Conclusion  

 
This study successfully developed a critical-thinking 

skills test instrument on the topics of temperature and heat 

using the Rasch model. The instrument was developed using 

the ADDIE model, including Analysis, Design, 

Development, Implementation, and Evaluation. The expert 

validation results showed that the instrument achieved an 

average Aiken’s V of 0.8068, indicating it met the content 

validity criteria. In addition, the Rasch analysis results 

showed that the instrument had good item reliability with a 

value of 0.86, while the person reliability value was 

categorized as weak at 0.35. The item fit analysis indicated 

that 19 items met the Rasch model fit criteria, whereas one 

item required revision. Furthermore, the instrument met the 

unidimensionality requirement with a raw variance 

explained value of 22.7%. The developed instrument also 

consisted of items with varying levels of difficulty, including 

very easy, easy, moderate, and very difficult categories, 

indicating that the instrument was able to measure students’ 

critical thinking skills across different ability levels. Overall, 

the findings indicate that the developed instrument can be 

used to measure students’ critical thinking skills in physics, 

particularly in the topics of temperature and heat. In addition, 

the use of the Rasch model contributed to a more objective 

and comprehensive analysis in evaluating the developed 

instrument and can support assessment practices in physics 

education. 
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