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Abstract. One of the 21st century abilities that must be mastered by students is the 

ability to think critically. To determine the level of successful students in developing 

critical thinking skills, an instrument is needed that can measure the critical thinking 

ability. The aimed of this study is to analyze the instrument of critical thinking skills. 

This research is quantitative methode. Data of critical thinking skills was obtained from 

269 students on fifth grade from five elementary schools in Jakarta. The data was 

analyzed by rasch models using winstep version 4.4.3 software. The findings of the pilot 

study found that the reliability obtained based on the Cronbach Alpha is 0.98, so this 

value shows instruments used are in very good condition and effectively with a high level 

of consistency. Reliability of item is 0.99, while the separation of the item is 9.70 and 

this value can still be used because it shows that the entire item. The respondent was 

0.72. While the separation of respondent is 1.62, it indicates in good condition and 

acceptable. The results showed that all items had a high value of Point Measure 

correlation which indicated that items could distinguish the ability of respondents. 

Instruments are valid and reliable can be used for further research  
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1. Introduction 

Nowadays, education is in the industrial revolution 4.0 faced with the demands of the 21st 

century. According to the results of research conducted by more than 250 researchers from 60 

world institutions members of ATC21S (Assessment & Teaching of 21st Century Skills), there 

are four skills that must be possessed such as communication, collaboration, critical thinking 

and problem solving, creativity and innovation. One of 21st century skills is to think 

critically.Critical thinking is a competency that must be possessed by every individual in 

globalization era [2], [6], [7]. It is an inseparable part of education because it is a very 

important cognitive ability [18], so the school keep striving to improve it.Students who have 

critical thinking will be able to solve problems effectively [3], [10]  

Furthermore, the character of the person when facing problem will be seen if he has 

critical thinking skills. It appears when hespeaks, acts and gives arguments and solutions to a 

problem. Facione says that there are six main critical thinking skills involved in the process of 

critical thinking. These skills are interpretation, analysis, evaluation, inference, explanation 

and self-regulation [4], [11]. In measuring critical thinking skills, an instrument is made based 

on the aspects of critical thinking. It can be measured through written, oral and observation 
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tests. Adapted from Starkey,test of critical thinking covers aspects like  drawing conclusions, 

recognizing assumptions, deduction, interpretation, analysis, evaluation of arguments [12].  

The competency requirements of industrial revolution 4.0 and 21st century education 

appears that solving problems and critical thinking is an ability that must be possessed by 

someone to enter the industrial world as well as a basic foundation for children's thinking 

skills at the elementary school level. Based on explanation, the researchers conducted research 

on critical thinking skills in elementary schools by creating instruments to measure students' 

critical thinking skills in elementary schools. An indicator of the successful learning process is 

from the score obtained by students. A teacher develops an instrument to get students score. 

The instrument was arranged based on six aspects of critical thinking skills developed by 

Focione.It was developed by general events and technical fields faced by students. A good 

instrument can be trusted and it is measureable. The quality of the instruments is based on the 

analysis [18]. 

The analysis was conducted to determine the validity and reliability of the instrument. 

Validity is related to the accuracy of the assessment tool for what is being assessed so that it 

really evaluates what should be assessed as the result of the form of the score.There are four 

kinds of validities,such as content validity, construct validity, predict validity and similarity 

validity. Content validity relates to the ability of the instrument to measure the content that 

should be. In this case, the ability of the instrument measures students' critical thinking skills. 

Construct validity means the ability of an instrument to measure the understanding contained 

in the material being measured. The ability to predict certain characteristics, behavior or 

criteria is called the validity of predictions. While the validity of similarity means that the test 

has similarities with the tests that have been standardized [14]  

In this study, the instrument will be analyzed by Rasch modeling using Winstep software. 

The analysis was carried out so that the resulting instruments had sufficient validity and 

reliability to measure critical thinking skills. This instrument can be used according to the 

needs of further research. 

 

2. Methods 

In this study,the data was obtained by developing instruments of critical thinking ability 

assessment. Respondents were 269 students from fifth grade taken from five elementary 

schools in Jakarta. Instrument was developed from part of one research variable. 

The instrument was a questionnaire about critical thinking skills which contained eight 

questions in the form of open-ended mathematical problem solving questions. Eight questions 

were developed from six aspects of critical thinking skills delivered by Facione [4] and four 

aspects were taken which included interpretation, analysis, evaluation, interference. From the 

four main aspects then it was developed into eight aspects,such as identifying, considering, 

concluding, communicating data, explaining conclusions, writing results and presenting 

arguments. In material numbers in elementary school, the instruments of thinking ability were 

developed from general knowledge and technical knowledge. Then, the respondents 

determined the correct answer. 

The instrument analysis of critical thinking skills used is the Rasch model with the 

Winstep Software tool version 4.4.3 developed by Linacre (2006)[8]. Analysis of the Rasch 

model was put forward by Georg Rasch in the 1960s and popularized by Ben Wirght. The raw 

data used is dichotomous data that shows the ability of students. In the analysis of this Rasch 

model in one model it can be seen the relationship between questions and students [16]. 



 

 

 

 

The obtained data was processed using Winsteps software.Rasch model connected student 

data with questions on the same scale. This scale is obtained from the logarithmic value of the 

chance that the students are working correctly. By using Rasch model, it can be seen the 

relationship between the ability level of students (person abilities) and the difficulty level of 

the problem (difficulty items). Thus, it can be concluded that high-ability students are able to 

work on easier questions [1]. 

The Rasch model analysis is able to provide such as the overall information, the quality of 

the instruments used, the overall response quality of the students, and the interaction between 

respondents with the items [15]. Person measure shows the average score of all students in 

working on the problem. Sumintono stated that to measure reliability, it was shown by the 

value of person reliability and item reliability [16]. Reliability criteria are as follows: <0.67 

(weak); 0.67-0.8 (enough); 0.8-0.9 (good); 0.91-0.94 (very good);> 0.94 (excellent). 

The analysis of the Rasch model will provide a level of items fit. It will explain whether 

the item is functioning normally to make measurements. If an obtained question is not fit, this 

indicates a misconception on the question, so it is useful for the teacher to improve the quality 

of his teaching [16]. 

In Rasch model analysis, the quality between item fit and model is abbreviated with item 

fit. Determination of items fit according to Boone et al in Sumintono (2014) [15] the used 

criteria are: (1) Value of accepted Outfit mean square (MNSQ) = 0.5 <MNSQ <1.5; (2) The 

value of the Z-standard Outfit (ZSTD) accepted = -2.0 <ZSTD <+2.0; (3) Value of Measure 

Correlation (Pr Mean Corr): 0.4 <Pt Measure Corr<0.85. 

Analysis of the obtained data using Winsteps software in accordance with the Rasch 

model if the value of the number of the middle quadrant (mean square) is 1.0 while the 

standardized value (Z-standarized value) is 0.0. In the analysis, it can also be known that the 

questions are too easy or too difficult and the respondents are outliers 

 

3. Results and Discussion 

In the study, Rasch modeling was carried out with the help of Winsteps Software 4.4.3 to 

analyze data in order to test the validity and reliability of the instrument. “The Rasch model 

considers the ability of the respondent to answer each item or question and the level of 

difficulty of the item itself“ (Rasch, 1980). With the analysis of items, compatibility (item fit) 

can be evaluated whether the items in the instrument can measure what should be measured. 

Conversely, if the item is not suitable (misfit); then, it is said that the item measures the 

construct outside the instrument, so the item must be revised or eliminated (Smith, 1992). 

Based on Wright and Stone (1979). 

 

3.1 Reliability and Separation Items and Respondent 

 

     Based on Rasch measurement model approach, the acceptable reliability Cronbach's Alpha 

is between 0.71-0.99 where it is at the best level (71% - 99%). The findings of the pilot study 

found that the reliability obtained based on the Cronbach Alpha is 0.98. So this value shows 

instruments used are in very good condition and effectively with a high level of consistency 

thus can be used in the actual research. 

Person RAW SCORE-TO-MEASURE CORRELATION = .98 

CRONBACH ALPHA (KR-20) Person RAW SCORE "TEST" RELIABILITY = .70  

SEM3.48 

 



 

 

 

 

Analysis was also performed on the instrument as a whole, namely the reliability and the 

separation of the respondent. Table 1 shows the reliability and separation respondent where 

the reliability of the respondent was 0.72, while the separation of respondent is 1.62 when 

rounded off is equal to 2.0. Based on the reliability of the respondent, “the value of 0.72 

indicates are in good condition and acceptable“ [1]. While “ the separation of the item is 1.62 

if rounded off is equal to 2.0 and this value can still be used because it shows that the entire 

item is devide into 2.0 levels of measurement“. According to Linacre (2003) [8], the 

separation index is better when the value is more than the value of 2.0 

  

Table 1. The Result of Validity and Reliability of Respondent 

 

 

Besides, the validity and reliability of respondents in answering questions, questions can also 

be analyzed from each item to be measured. The following are the results of the reliability of 

the item question. 

 
Table 2. The Reliability Results of Items  

 
 

Table 2  shows the reliability of item is 0.99, while the separation of the item is 9.70. This 

shows that the item are very high reliability and very good. This is because Bond and Fox 



 

 

 

 

“based on the reliability of the item, the value of 0.99 indicates are in very good condition and 

acceptable“ [1]. While the separation of the item is 9.70 and this value can still be used 

because it shows that all items 

 

3.2. Items Fit Meansure Constructs 

Items fit is measuring the constructs that can be seen through “the infit and outfit Mean 

Square (MNSQ)“.According to Bond and Fox (2007)[1], the outfit and infit MNSQ should be 

in the range of 0.5 to 1.5 to ensure the items are suitable for measuring the constructs. But the 

outfit index MNSQ noteworthy in advance compared infit MNSQ for determining congruity 

of items that measure a construct or latent variable. If the infit or outfit MNSQ value more 

than 1.5 logit, then it gives meaning confusing item.“ If the MNSQ value is less than 0.5 logit, 

it shows that the item is too easily anticipated by the respondents“[8], [9]. Point meansure 

correlation should be in the range of 0.4 to 0.85 does not indicate a problem distribution [16]. 

Besides, the outfit and infit ZSTD value should also be within -2 to +2 [1]. However, if the 

infit and outfit MNSQ beaccepted, the ZSTD index can be ignored [1], [8]. Applying the 

Rasch Model: Fundamental Measurement in the Human Sciences. 

 

Table 3. Scale Item Misfit Order 

 

 

Table 3 shows that there are 3 items that are outside the range because they exceed the 

MNSQ infit and out fit limit values (> 1.5), namely E3 and the ZSTD in fit and outfit limits (> 

2), namely E3, E1 and E2). Item E3 has MNSQ infit of 1.75 (> 1.5) and MNSQ 1.57 (> 1.5) 

out fit and the ZSTD infit and outfit values obtained are also large, namely ZSTD infit of 7.41 

(> 2) and ZSTD outfit at 5.53 (> 2). Item E1 has a ZSTD infit value of 2.57 (> 2) and ZSTD 

outfit is 4.06 (> 2) but the infit and MNSQ outfit values are acceptable, namely MNSQ 1.20 

(<1.5) infit and MNSQ outfit 1.37 (<1.5). Furthermore Item E2 has ZSTD infit value of 4.03 

(> 2) and ZSTD outfit of 2.73 (> 2) but the infit and MNSQ outfit values can be received, 

namely MNSQ infit value of 1.34 (<1.5) and MNSQ outfit of 1.25 (<1.5). Thus,there is one 

item that really is outside the range is E1. Then item E1 needs to be revised or eliminated from 

the list of items in the research instrument. 

 

 



 

 

 

 

3.3 Polarity Item By PTMEA CORR Value 

Examination of the Point Measure Correlation (CORR PTMEA) to detect polarity items 

intended to test theextent to which the construction of constructs to achieve its goal. “If the 

value contained in the PTMEA CORR is the positive (+), it shows the item measure the 

constructs to be measured“[1]. Otherwise, if value is negative (-), the item is not developed to 

measure the constructs to be measured. Thus, it needs to be improved or dropped because the 

item is not lead to the question (not focus) or difficult to answer by the respondent. 

 
Table 4. Item Polarity Based on Point Measure Correlation 

Entry 

Number 

Total  

Score 

Total  

Count 

Measure Point Measure 

Corr 

Item 

8 626 269 0.73 0.56 E8 

3 793 269 0.40 0.56 E3 

7 704 269 0.22 0.61 E7 

6 1205 269 0.22 0.65 E6 

2 910 269 0.18 0.60 E2 

1 692 269 -0.04 0.27 E1 

5 690 269 -0.34 0.69 E5 

4 515 269 -1.36 0.62 E4 

 

Based on table 4, it shows that for each item E1 to E8 has a positive Point Measure 

Correlation value. Thus, there are no items in the instrument that are discarded because “they 

meet the minimum requirements (PTMEA CORR> 0)“[15]. In addition, the item login value 

(Measure) which is item E8 of 0.73 shows the most difficult item for the respondent to 

answer. While E4 items are -1, 36 shows the easiest items to be approved by respondents. The 

results showed that all items had a high value of Point Measure correlation which indicated 

that items can distinguish the ability of respondents. 

 

4. Conclusion 
 

From the research that has been done, it can be concluded that there is a typical process of 

measuring instruments of critical thinking skills in material numbers in fifth grade using the 

Rasch model. Rasch model analysis provides more comprehensive and in-depth information 

on the respondent's test, the items simultaneously and accurately. The findings found that the 

reliability obtained based on the Cronbach Alpha is 0.98, so this value shows instruments that 

are used in very good condition and with a high level of consistency. The reliability of the 

item is 0.99 while the item is 9.70 it shows that the entire item. The respondent was 0.72 while 

the round of off was 1. When rounded off was equal to 2, 0.72 indicated are in good condition 

and acceptable. The results showed that all items had a high value of Point Measure 

correlation which indicated that the item could distinguish the ability of the respondents. It can 

be concluded that the instrument of critical thinking skills could be used for further research. 
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