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Abstract: This research aims to analyzes the validity and reliability of a 
students' critical reasoning questionnaire using the Rasch Model. This 
quantitative descriptive research employed a non-experimental survey design 
involving 122 fourth-semester undergraduate students from the College of 
Teacher Training and Education (STKIP) Melawi. Data were collected through 
an online questionnaire distributed via Google Forms. Validity was assessed 
through unidimensionality and item fit analysis, while reliability was 
measured using person reliability, item reliability, and Cronbach’s Alpha. The 
results indicate that the instrument has not yet achieved good item validity, 
with only 4 out of 20 items classified as valid. Reliability analysis showed 
Cronbach’s Alpha of 0.55 (bad category), item reliability of 0.98 (special 
category), and person reliability of 0.44 (weak category). Item difficulty 
analysis identified four difficulty levels: 2 items were very easy, 9 easy, 6 
difficult, and 3 very difficult. The Rasch model’s item discrimination analysis 
produced eight item groups based on an item separation index of H = 9.97. 
These findings emphasize the need to refine questionnaire items and enhance 
respondent engagement. A validated instrument will support educational 
assessments by providing a reliable tool for measuring students’ critical 
reasoning skills in teacher training institutions. 
 
Keywords: Critical reasoning; Instrument; Rasch model; Reliability; Validity  

  

Introduction  
 

Education in the 21st century demands critical 
reasoning skills to navigate complex global challenges 

effectively (Asmarita & Prastowo, 2023; Packer et al., 
2022). Critical reasoning enables individuals to analyze, 
evaluate, and formulate arguments systematically, 
making it a crucial competency for both academic and 
professional success (Azmi & Prasetya, 2025; Kaur, 
2018). In an era dominated by rapid technological 
advancements and information overload, the ability to 
critically assess information is more vital than ever. 

Without adequate reasoning skills, individuals may 
struggle to distinguish credible information from 
misinformation, a challenge that is particularly 
significant in the context of Society 5.0 (Denis, 2022; 
Gustianingrum et al., 2023). 

The Indonesian education system, like many others 
worldwide, faces difficulties in effectively fostering 
critical reasoning among students. Traditional 
assessment methods often emphasize rote memorization 
rather than analytical thinking, which may hinder 
students' ability to apply reasoning skills in real-world 
contexts (Ramdani et al., 2020). Although some previous 
studies have developed test-based assessments for 
critical reasoning using socioscientific issues (Yokhebed 
et al., 2024), these methods may not comprehensively 
capture the nuances of students’ reasoning abilities. A 
more holistic approach such as the use of questionnaires 
could provide a broader perspective on students’ 
reasoning capabilities beyond specific test scenarios.  

Despite the acknowledged importance of critical 
reasoning, there is a lack of reliable instruments to 
measure students' reasoning abilities, particularly in 
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Indonesia. Existing studies have primarily focused on 
test-based assessments, leaving non-test instruments 
such as questionnaires underexplored. Questionnaires 
can serve as effective tools for assessing students’ self-
perceptions of their reasoning abilities and their 
application of critical reasoning in different contexts. 
However, the validity and reliability of such instruments 
must be rigorously tested to ensure their effectiveness. 
Previous research has not extensively applied the Rasch 
model to analyze the psychometric properties of critical 
reasoning instruments, leaving a methodological gap in 
the field (Anggraini et al., 2023; Sari & Rakhmawati, 
2024). Addressing this gap is essential to provide 
educators and researchers with more robust tools for 
assessing and enhancing students' reasoning abilities. 

This study focuses on STKIP Melawi, where 
assessing students' critical reasoning skills is particularly 
relevant due to the institution's role in training future 
educators. Teachers play a crucial role in shaping 
students' cognitive abilities, and their ability to foster 
critical thinking skills in classrooms is directly 
influenced by their own reasoning capabilities. 
However, no comprehensive evaluation of critical 
reasoning instruments has been conducted at STKIP 
Melawi, highlighting a pressing need for research in this 
area. Understanding teacher candidates' reasoning skills 
will provide insights into potential improvements in 
teacher education programs, ensuring that future 
educators are better equipped to cultivate critical 
thinking in their students. 

To address these gaps, this study aims to analyze 
the validity and reliability of a student critical reasoning 
questionnaire using the Rasch model. The Rasch model 
is a robust framework that ensures measurement 
accuracy by assessing item suitability, reliability, and 
unidimensionality. It provides valuable insights into 
item difficulty, respondent ability, and the overall 
effectiveness of an instrument in measuring the 
intended construct (Alsoudi & Shindi, 2023; Laliyo et al., 
2022). By applying this model, this study will contribute 
to the development of a well-validated questionnaire 
that can be used as a standardized tool for assessing 
students' critical reasoning skills in teacher training 
institutions.  

The findings of this research are expected to have 
significant implications for educational assessment and 
curriculum development. A validated questionnaire will 
enable educators to better understand students’ 
reasoning strengths and weaknesses, informing 
instructional strategies that promote deeper analytical 
thinking. Additionally, this study will provide empirical 
evidence for integrating more structured reasoning 
assessments into teacher education curricula, ultimately 
fostering a generation of educators who can effectively 

cultivate critical thinking in their students. By bridging 
the research gap in non-test assessments of critical 
reasoning and applying a rigorous analytical 
framework, this study contributes to the advancement of 
educational practices in Indonesia and beyond. 

 

Method  
 
The type of research used is quantitative 

descriptive with a non-experiment/survey research 
design. The respondents in this study were 122 students 
in the 4th (fourth) semester of the undergraduate 
program of the Melawi College of Teacher Training and 
Education (STKIP), with 13 males and 109 females.  

Data collection was conducted online using a 
questionnaire distributed via Google Forms. The 
questionnaire employed a four-point Likert scale for 
scoring responses. For positive statements, the response 
options were: strongly agree (4), agree (3), disagree (2), 
and strongly disagree (1). Conversely, for negative 
statements, the scoring was reversed: strongly disagree 
(4), disagree (3), agree (2), and strongly agree (1). This 
scoring approach ensures consistency in measuring the 
strength of agreement across all items (Allen & Seaman, 
2007; Mawardi, 2019). 

To calculate the total score, each respondent’s 
responses were first converted into their respective 
numerical values based on the scoring scheme. The 
scores for all items were then summed to generate a total 
score for each respondent, representing their overall 
position on the measured construct. Additionally, scores 
were grouped according to item categories to facilitate 
subscale analysis where applicable. The dataset was 
reviewed for completeness and consistency before 
proceeding to the next step (Boone, 2016). 

Once collected, the responses were compiled into a 
structured dataset where each row represented a 
respondent, and each column corresponded to an item. 
The assigned numerical scores were arranged in a 
tabular format and saved as a spreadsheet, ensuring 
compatibility with the Winsteps 3.75 software. The 
software requires data to be formatted appropriately, 
ensuring that each response is mapped correctly to the 
corresponding item and respondent. Prior to analysis, 
the dataset was examined for missing values or 
inconsistencies, and necessary adjustments were made 
to maintain data integrity (Mignogna et al., 2023). 

After the initial processing, the data were analyzed 
using the Winsteps 3.75 application to assess the validity 
and reliability of the instrument. The analysis included 
evaluating item fit, unidimensionality, and person-item 
reliability based on the Rasch model. The responses 
were converted into logits, a logarithmic scale 
representing the probability of respondents endorsing 
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an item relative to their ability level. This transformation 
allowed for an in-depth examination of item difficulty, 
respondent ability, and overall measurement accuracy 
(Balbuena, 2023; Linacre, 2012). The output of the 
analysis provided key indicators such as item difficulty 
indices, person reliability scores, and fit statistics, which 
were then interpreted to determine the quality and 
effectiveness of the measurement instrument (Madzlan 
et al., 2022). Testing the validity and reliability of 
instruments includes, namely: 

Validity analysis is carried out through the 
unidimensional approach, meaning that the instrument 
measures only one dimension. The validity test based on 
item unidimensionality is determined through the raw 
variance value explained by measures. If the raw 
variance value explained is more than 20%, the 
minimum criterion is met, while a value above 40% is 
considered good, and more than 60% falls into the 
special category. In addition, to identify problematic and 
unsuitable question items, an eigenvalue analysis is 
conducted on the unexplained variance 1st contrast. An 
item is categorized as problematic if the eigenvalue is 
greater than 3, while the observed variance must be less 
than 15% to ensure the item is appropriate (Balbuena, 
2023; Sumintono, 2016; Tennant & Küçükdeveci, 2023). 

Item validity is tested through item fit analysis 
using several statistical indicators, namely Outfit Mean 
Square (MNSQ) with an acceptable range of 0.5 < MNSQ 
< 1.5, Outfit Z-Standard (ZSTD) with a range of -2 < 
ZSTD < +2, and Point Measure Correlation (Pt Measure 
Corr) with a value of 0.4 < Pt Measure Corr < 0.85 
(Sumintono, 2016). An item is considered valid if it 
meets these three criteria. This test ensures that the items 
follow a consistent pattern in measuring the intended 
construct (Sumintono & Widhiarso, 2015). 

Testing the difficulty analysis of items for approval 
by respondents using a logical value (measure). When 
the standard deviation value is combined with the 
average value of the logit, the difficulty level of the item 
can be classified into several levels, which consist of a 
very difficult level (more than + 1 SD), difficult level (0.0 
logit to + 1 SD), easy level (0.0 logit to – 1 SD), and very 
easy level (less than -1 SD) (Natsir et al., 2022; Salsabila, 
2023; Sumintono, 2016). Based on the standard deviation 
measure value, the difficulty level of the items approved 
by the respondents is grouped based on the following 
Table 1. 

 
Table 1. Categories of Interpretation of Measure Values 

Measure values 
Interpretation of the difficulty of 

question items 

Measure logit < -1.25 Very Easy 
-1.25 ≤ measure logit ≤ 0 Easy 
0 ≤ measure logit ≤ 1.25 Difficult 
Measure logit > 1.25 Very Difficult 

Instrument reliability testing is carried out by 
reviewing the person and item reliability values, as well 
as Cronbach's alpha coefficient. The interpretation of 
person and item reliability values is categorized as 
special if greater than 0.94, very good in the range of 
0.91-0.94, good in 0.81-0.90, sufficient in 0.67-0.80, and 
weak if less than 0.67. Meanwhile, Cronbach's alpha 
reliability is categorized as poor if less than 0.5, bad in 
the range of 0.5-0.6, good in 0.8-0.90, very good in 0.91-
0.94, and special if greater than 0.94. Furthermore, the 
separation of persons and items is also conducted by 
calculating the separation value (H), which is 
determined using the formula 1 (Salsabila, 2023; 
Sumintono, 2016) 
 

H = 
(4 × separation) + 1

3
     (1) 

 

Result and Discussion 
 
Unidimensional Instrument Validity 

Unidimensional analysis identifies several aspects 
that are measured through instruments by paying 
attention to the value of raw variance explained by 
measures (Ridzuan et al., 2020). The results of the 
analysis of the validity of the instrument through 
unidimensional can be seen in the following Table 2. 

 
Table 2. Results of Unidimensional Analysis 
Item information units Eigenvalue Observed 

Raw variance explained by measures 12.9736 39.3% 
Unexplned variance in 1st contrast 4.7998 14.6% 

 
Based on Table 2, the raw variance explained by 

measure has a score of 39.3% so that the minimum 
criterion of validity of instrument through 
unidimensional can be said to be met (>20%). 
Unexplained variance in 1st contrast has an observed 
score below 15% (14.6%), but the eigenvalue score is 
more than 3, so it is necessary to conduct further analysis 
with the analysis of fit order items to determine whether 
an item can be maintained or must be replaced. 
Eigenvalue score helps determine whether the 
instrument is unidimensional. A score above 3 indicates 
that there are several constructions that can jeopardize 
the validity of the instrument, so it is necessary to review 
each item (Darmana et al., 2021).  

Several studies Putra et al. (2020),  Tarigan et al. 
(2022), and Wahyudi et al. (2020) point out that although 
the minimum criteria for unidimensionality have been 
met based on raw variance explained by measure, 
further interpretation is needed to ensure that the 
instrument actually measures one major construct. 
Further evaluation steps are essential to ensure the 
overall validity and reliability of the instrument. 
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Item Validity through Item Fit 
The matching of items with the Rasch model was 

reviewed from the value of the outfit mean square 
(MNSQ), standard Z outfit (ZSTD), and the value of Pt 
measure correlation. Based on the analysis using the 
Winstep application, the fit item score was obtained as 
follows. 

 

Table 3. Item Validity Test Results Based on Fit Items 

Item Measure 
Outfit Point measure 

correlation 
Valid 

MNSQ ZSTD 

1 -0.73 1.32  2.03 0.12 X 

2 1.16 1.12 1.05 0.47 ✓ 

3 -0.79 1.32 2.00  0.31 X 

4 0.97 0.98 -0.11 0.52 ✓ 

5 -0.91 0.84 -1.12  0.38 X 

6 -1.24 1.23 1.56  0.23 X 

7 2.11 0.94 -0.45 -0.06 X 

8 -0.76 0.62 -2.93 0.24 X 

9 1.18 0.86 -1.22  0.34  X 

10 -0.88 0.75 -1.83  0.23 X 

11 1.38 1.06 0.56 0.35  X 

12 -1.45 0.51 -4.28  0.50 X 

13 0.60 1.00 0.06 0.57 ✓ 

14 -1.24 0.83 -1.20 0.24  X 

15 0.77 1.11 0.91 0.49 ✓ 

16 2.68 1.15  1.34  -0.25 X 

17 -1.45 -0.81 -1.43  0.34 X 

18 -1.09 1.28 1.83 0.35 X 

19 -0.94 0.76  -1.71 0.35 X 

20 0.62 1.33 2.46 0.55 X 

 
Based on Table 3, there are 4 items (2, 4, 13, 15) that 

are valid while the other 16 items (1, 3, 5, 6, 7, 8, 9, 10, 11, 
12, 14, 16, 17, 18, 19, 20) are invalid. The number of 
invalid items was due to most of the items not meeting 
(red) the point measure correlation criteria (14 items), 
followed by 5 items that did not meet the ZSTD fit 
criteria, and 1 item that did not meet the MNSQ fit. 

Point-measure correlation is analyzed to ensure 
that each item has a positive correlation with the 
respondent's ability, therefore if the value is not within 
the specified criteria, even if it is negative, then the item 
does not support the measurement of the skill in 
question. Items with MNSQ values outside the set range 
are considered not fit, as well as ZSTD values as a 
support in evaluating fit, values outside the specified 
range indicate possible response patterns that do not 
conform to the model. Items with values that do not 
meet all of these validity criteria need to be revised or 
deleted (Loh et al., 2022; Sumintono & Widhiarso, 2014). 

The number of items that have not reached the 
value of the point measure correlation criteria is 
suspected to be due to the construction of these items 
does not lead to the skills to be measured or the 

statements on the items are too difficult for respondents 
to understand (Yunus et al., 2017). The number of 
invalid items also shows how accurate the analysis of 
question items is with the Rasch modeling approach, 
because when the question item meets 3 (three) criteria, 
namely the MNSQ Outfit value, the ZSTD Outfit value, 
and the Point Measure Correlation value, the question 
can only be considered valid (Erfan et al., 2020). 
Therefore, it is necessary to conduct a difficulty level 
analysis to narrow down the alleged causes of invalid 
items. 

 
Difficulty of Items to Approve for Respondents 

Analyzing the difficulty of the item is essential to 
ensure that the survey instrument is valid and 
effectively measures the construction in question, as 
indicated by the fit criteria in the study (Lailiyah et al., 
2018). Based on Table 3, by looking at the measure value, 
each item is then grouped in different levels of difficulty 
related to respondents' approval. The difficulty level of 
each item for respondents to approve can be seen in 
Table 4 below. 
 

Table 4. Difficulty of Items for Respondents to Agree on 
Category Item Number 

Very difficult for respondents to agree 16, 7, 11 
Difficult for respondents to agree 9, 2, 4, 15, 20, 13 
Easy for respondents to agree 1, 8, 3, 5, 10, 19, 18, 6, 

14 
Very easy for respondents to agree 12, 17 

 
Table 4 shows the diversity of item difficulty levels 

for respondents to agree on. This illustrates the variation 
in the difficulty level of each statement on the student's 
critical reasoning questionnaire. There are 3 items that 
are included in the very difficult category, 6 difficult 
items, 9 easy items, and 2 very easy items. The varying 
levels of difficulty in assessment items improve the 
accuracy and validity of measurements, allow for better 
differentiation among test takers and reduce the risk of 
differential item function across sub-populations 
(Wilson & Dulhunty, 2019).  

The balance of the number of questions with 
varying levels of difficulty shows that the distribution of 
questions has been designed to cover different levels of 
test takers' abilities. However, if there are still invalid 
question items, it is likely that the problem lies in the 
formulation of the question item itself. Factors such as 
the clarity of the question construction, conformity with 
the measured indicators, and the potential for bias in the 
preparation of questions can be the main causes of 
inconsistencies in the measurement results (Jumadi et 
al., 2023; Laliyo et al., 2022). Table 4 show the number of 
items with difficult-very difficult and easy-very easy 
difficulty levels tends to be balanced, therefore, the 
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suspicion related to the cause of the number of invalid 
items can be narrowed down to the construction of these 
items that have not yet led to the skill to be measured. 
Further analysis of each question item is needed to 
ensure that all questions used actually measure the skills 
in question accurately and consistently. 
 
Separation Index and Instrument Reliability 

Based on the results of the analysis using the 
Winstep application, the separation index and reliability 
of the instrument can be seen in the following Table 5. 

 
Table 5. Separation Index and Instrument Reliability 

 
Mean logit 

(SD) 
Separation Reliability 

Alpha 
cronbach 

H 

Person 0.41 0.89 0.44 
0.55 

1.52 
Item 1.24 7.23 0.98 9.97 

 
Rasch modeling can identify groups of respondents 

based on the respondent's separation index. The greater 
the item separation value, the better the quality of the 
instrument in terms of the overall respondents and item 
items, because it can identify the respondent group and 
the item group (Sumintono & Widhiarso, 2015). Based 
on Table 5, it is known that the item item separation 
value is 7.23, then the H = 9.97 value is rounded to 10, so 
there are ten groups of item items, and for the 
respondents a separation value of 0.89 with H = 1.52 
rounded to 2, indicating that the respondent group can 
be distinguished into two groups based on the 
respondent's separation value. This is in line with the 
results of the analysis of the difficulty of the questions in 
Table 4, where the number of respondents who are 
difficult-very difficult to understand and answer items 
and the number of respondents who are easy-very easy 
to understand and answer items tend to be balanced. 

The greater the price of person separation, the 
better the test is compiled because the items in it are able 
to reach responden with high to low levels of ability. 
Item separation indicates how much sample subjected to 
measurement is spread along a linear interval scale. The 
higher the item separation value, the better the 
measurement is made (Sumintono, 2016).  

When viewed from Table 5, item reliability of 0.98 
is in the Special category, while person reliability of 0.44 
is in the weak category.  This shows that the consistency 
of the answers from the respondents is weak, but the 
quality of the items in the instrument is good. This is also 
related to the alpha cronbach value (interaction between 
person and item) of 0.55 with the bad category. 
Cronbach's alpha value with a bad criterion shows a lack 
of interaction between the person and the item as a 
whole (Purwana et al., 2020). 

 

Conclusion  

 
The results showed that the students' critical 

reasoning skills through Rasch modeling analysis in 
general had not achieved a good quality of item validity 
(only 4 items were categorized as valid out of a total of 
20 items). The reliability analysis of the question items 
obtained an Alpha Cronbach value for a reliability value 
of 0.55 with the bad category and from Item Reliability 
obtained a reliability value of 0.98 with the special 
category, while the person reliability value was 0.44 with 
the weak category. The results of the difficulty level 
analysis showed that there were four categories of item 
difficulty, namely 2 items which included very easy, 9 
easy items, 6 difficult items, and 3 very difficult items. 
The item differentiation power of Rasch modeling 
obtained ten groups of question items based on the 
question item separation index H = 9.97. The quality of 
the instrument that has not met expectations is 
suspected to be due to the construction of the items that 
have not led to the skills to be measured, therefore it is 
necessary to revise or replace these items so that the 
quality of the instruments becomes better. 
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