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This study aims to analyze the item quality of a conceptual understanding test on momentum and impulse. 

The analysis includes validity, reliability, difficulty level, and item discrimination using the Rasch model. 

This descriptive quantitative study involved 60 twelfth-grade science students from a high school in Bandung 

Regency. The instrument used was a 25-item multiple-choice conceptual understanding test on momentum 

and impulse, scored dichotomously. Student responses were analyzed using MINISTEPS software. The 

results showed item reliability of 0.82 (logit reliability) and 0.85 (item reliability). Cronbach's alpha 

coefficient also indicated good reliability at 0.85. Of the 25 items, 4 items did not meet the specified quality 

criteria. However, overall, most of the items on the conceptual understanding test of momentum and impulse 

met the quality criteria. These results indicate that the developed research instrument can be effectively used 

to measure students' conceptual understanding. 

 

 Rasch Model · Conceptual Understanding · Momentum and Impulse  

In the ever-evolving world of education, the quality of assessment instruments is paramount in 

accurately measuring student learning outcomes (Ningsih et al., 2024). This is because a well-

constructed assessment instrument should effectively cover all learning objectives taught by the 

teacher, encompassing both multiple-choice and essay-type questions (Muluki, 2020). As one 

of the most widely used assessment tools, tests necessitate rigorous quality evaluation to ensure 

their validity and reliability. Question item analysis is a critical step in this process. Through 

this analysis, we can identify and eliminate flawed questions, resulting in a more valid and 

reliable instrument for measuring student competence (Ningsih et al., 2024) 

A test instrument is said to be of high quality if it has good validity and reliability. The 

higher the validity and reliability value of an instrument, the more accurate the data obtained 

from a study (Susdelina, 2018). This is in line with the opinion of Hayati & Lailatussadah 

(2016) who stated that validity and reliability are important indicators in determining the quality 

of a research instrument. Validity is a test conducted to measure the extent of the accuracy of a 

test, while reliability measures the extent to which the results of an instrument can be trusted 

(Syahrul, 2010; Zulpan & Rusli, 2020) 
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Question item analysis is a crucial step in the development of valid and reliable assessment 

instruments. One of the increasingly popular methods in question item analysis is the Rasch 

Model. The Rasch model, a modern measurement model, offers a more in-depth approach to 

analyzing question items (Safitri et al., 2024). The Rasch model is a modern assessment theory 

that can classify the calculation of items and persons in a distribution map (Rozeha et al., 

2007).This model is part of the grain response theory (Thissen et al., 2001). 

Ministeps, a software that implements the Rasch Model, has become a popular tool among 

educators and researchers. Ministep is a limited version of Winsteps. This program can analyze 

the dichotomous shape test (object) or polytome (description). Ministeps is a software used to 

analyze quantitative data. Its main function is to test the quality of question items in a test or 

other assessment instrument. By using a statistical model called the Rasch Model, Ministeps 

can provide more in-depth and accurate information about the characteristics of question items 

and the test-taker's abilities. By objectively measuring the latent ability of test takers, Ministeps 

provides more detailed information about the quality of question items, such as difficulty level 

and discriminating power (Rusilowati, 2018). 

The Rasch model is able to analyze better than CTT in measuring reliability, difficulty 

level and discriminating power (Hardianti et al., 2021). The Rasch Model has advantages when 

compared to classical theory, namely: 1) It provides a linear scale with equal intervals. 2) It can 

predict missing data. 3) It can provide a more accurate estimate of student ability. 4) It can 

detect model misfit. 5) It provides replicable measurements. (Sumintono & Widhiarso, 2015; 

Taufiq et al., 2021). 

Question item analysis using the Rasch Model and Ministeps software provides a number 

of benefits for the world of education. First, this analysis allows us to identify question items 

that are not functioning properly, so that improvements or eliminations can be made. Second, 

this analysis can also be used to measure the relative difficulty of each question item, so that a 

better test can be prepared. Third, by using Ministeps, we can obtain more accurate information 

about students' abilities, which can be used as a basis for making pedagogical decisions. Thus, 

the analysis of question items using Ministeps contributes to improving the quality of learning 

and assessment (Suseno & Susongko, 2021) 

By using Ministeps software, educators and researchers can implement the Rasch Model 

in a practical way, allowing them to gain a more comprehensive understanding of the quality 

of the assessment instruments they use (Wibowo, A., & Cholifah, T. N., 2018). 

Previous research by Rahman et al. (2021) has successfully developed an instrument to 

measure high-level thinking skills (HOTS) on certain materials. However, the study focuses 

more on high-level cognitive aspects. This study aims to complement the research by 

developing and analyzing instruments that measure students' conceptual understanding of 

momentum and impulse materials. Thus, this study pays special attention to the cognitive 

foundations underlying higher-order thinking skills. In addition, the use of the Rasch Model in 

question item analysis allows for a more in-depth evaluation of the quality of the instrument. 

Therefore, this study aims to develop momentum and impulse instruments that can accurately 

measure student understanding, so that they can be used to improve the learning process.  

 

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


This study uses a quantitative descriptive research method with a One-Shot design. The 

population in this study is all students of grade XI MIPA in one of the high schools in Bandung 

Regency. The research sample consisted of 60 students in grade XI MIPA who were selected 

using the purposive sampling technique. The test instrument was used to obtain data on the 

results of students' understanding of concepts in the form of 25 multiple-choice questions with 

a correct score of 1 and a false score of 0. So that the data obtained is dichotomous data. This 

test tool contains comprehension skills in accordance with the Taxonomy of Anderson and 

Krathwohl which is divided into seven dimensions of cognitive processes, namely interpreting, 

exemplifying. classify, summarize, conclude, compare, and explain. (Siregar & Nara, 2015). 

Data analysis was carried out using Ministeps software. From the output of the Ministeps 

software, several question item parameters that correspond to the Rasch Model are obtained. 

The criteria for good question items in this study are as follows: 

• MNSQ Outfit is in the range of 0.5 to 1.5. 

• ZSTD Outfit is in the range of -2.0 to 2.0. 

• Correlation of items with total scores is in the range of 0.4 to 0.85. 

In addition, the value of Cronbach's alpha coefficient indicates the overall reliability level 

of the instrument (Sumintono & Widhiarso, 2015). 

The results of the item analysis of the concept comprehension test conducted at one of the 

Bandung Regency high schools showed that the quality of the instrument could be seen from 

the value of validity, reliability, difficulty of the questions, and differentiation. 

Validity is a measure of the extent to which an instrument measures what should be 

measured (Arikunto, 2010). Validity refers to the degree to which a measurement instrument 

accurately measures what it is intended to measure. An instrument is considered valid if it truly 

measures the construct it is designed to assess (Sugiyono, 2004) in (Arsi & Herianto, 2021). In 

other words, a valid test actually measures what it wants to measure. The validity test of the 

construct was analyzed using Rasch modeling (unidimensionality). Unidimensionality was 

analyzed using rasch analysis software in the form of Ministep version 5.6.1 which was seen 

from the raw variance value explained by measure in the output part of table 23: 

Dimensionality items which were then interpreted based on the following criteria. 

Nilai Raw variance explained by measure (%) Criterion 

20 < Rve ≤ 40 Fulfilled 

40 < Rve ≤ 60 Appropriate 

Rve > 60 Special 

The results of the unidimensionality of the instrument obtained are shown in the following 

figure 1.  
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Based on Figure 1 the raw variance explained by measure obtained from the trial is 31.2%, 

then based on the criteria for the unidimensionality value of the instrument, the value meets the 

criteria of "met", which means that the instrument used can measure one variable without being 

affected by other variables. The value of unexplained variance in 1st contrast obtained from the 

trial was 10.2% which means that the quantity of unidimensionality instrument was fairly good 

because the unexplained variance in 1st contrast value obtained was less than 15%. 

The validity test of each question item is obtained from the output of the ministep tables in 

table 10: item fit order. Fit items are seen from the value of the average square outfit (MNSQ), 

the value of Z-Standard outfits (ZSTD) and the value of point measure correlation (Pt Measure 

Corr). The results of each criterion are then interpreted based on the fit-statistical value criteria 

according to (Sumintono & Widhiarso, 2015), as shown in table 2 and table 3 below. 

Indicator Accepted values 

Outfit MNSQ 0,5 < 𝑀𝑁𝑆𝑄 < 1,5 

Outfit ZSTD -2,0 < 𝑍𝑆𝑇𝐷 < +2,0 

Pt Measure Corr 0,4 < 𝑃𝑡 𝑀𝑒𝑎𝑠𝑢𝑟𝑒 𝐶𝑜𝑟𝑟 < 0,85 

Criterion Interpretation 

The three indicators are met Perfect fit 

Two out of three indicators met Appropriate 

One in three indicators met Less Suitable 

All indicators are not met Not Suitable 
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The results of the validity test of the instrument obtained are shown in the following figure 

2.  

 

 

Based on figure 2, information was obtained regarding the values of MNSQ, ZSTD, and Pt 

Measure Corr. To determine the suitability of the question items, the interpretation of each 

question item is shown in the following table 4. 

No 

Question 

MNSQ 

Score 

ZSTD 

Score 

Skor Pt 

Measure 

Corr 

Value 

Criteria 

Met 

Interpretation 

 

Information 

B1 1,47 1,67 0,23 2 Criteria Appropriate Used 

B2 1,03 0,19 0,47 3 Criteria Perfect Fit Used 

B3 1,13 0,69 0,46 3 Criteria Perfect Fit Used 

B4 1,08 0,43 0,45 3 Criteria Perfect Fit Used 

B5 2,19 2,06 0,02 0 Criteria Not Suitable Not Used 

B6 0,86 -0,44 0,53 3 Criteria Perfect Fit Used 

B7 1 0,07 0,53 3 Criteria Perfect Fit Used 

B8 0,63 -1,44 0,6 3 Criteria Perfect Fit Used 

B9 0,75 -1,22 0,58 3 Criteria Perfect Fit Used 

B10 0,75 -1,41 0,64 3 Criteria Perfect Fit Used 

B11 0,64 -1,99 0,68 3 Criteria Perfect Fit Used 

B12 0,77 -1,26 0,62 3 Criteria Perfect Fit Used 

B13 1,99 1,46 0,3 1 Criteria Less Suitable Not Used 

B14 0,83 -0,81 0,54 3 Criteria Perfect Fit Used 

B15 0,58 -2,15 0,72 2 Criteria Appropriate Used 

B16 1,14 0,68 0,41 3 Criteria Perfect Fit Used 

B17 1,48 2,23 0,42 2 Criteria Appropriate Used 

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


No 

Question 

MNSQ 

Score 

ZSTD 

Score 

Skor Pt 

Measure 

Corr 

Value 

Criteria 

Met 

Interpretation 

 

Information 

B18 0,74 -1,22 0,59 3 Criteria Perfect Fit Used 

B19 2,11 2,24 0,18 0 Criteria Not Suitable Not Used 

B20 1.02 0,17 0,45 3 Criteria Perfect Fit Used 

B21 1,34 1,22 0,38 2 Criteria Appropriate Used 

B22 1,51 2,22 0,17 0 Criteria Not Suitable Not Used 

B23 0,76 -1,33 0,61 3 Criteria Perfect Fit Used 

B24 1,21 0,68 0,19 2 Criteria Appropriate Used 

B25 0,68 -1,88 0,67 3 Criteria Perfect Fit Used 

 

Based on table 4, information was obtained regarding the interpretation of the suitability 

of the instrument test test questions given to 60 respondents and the results were obtained that 

there were 21 questions out of 25 questions that were tested that met the question functionality 

criteria, so that the 21 questions could be said to be good and could be used. While 1 question 

item only meets 1 criterion and the other 3 questions do not meet the criteria, so it is better not 

to use the question. Thus, in this study, the researcher only used 21 questions that met the item-

fit criteria. 

The analysis of the validity of the question items in Table 4 shows that more detailed results 

regarding valid and invalid question items for each aspect of concept understanding can be 

found in Table 5. 

No Aspect of Concept Understanding Valid Invalid 

1 Interpreting B1, B2, B3  

2 Exemplifying B4, B6, B7 B5 

3 Classify B8, B9, B10  

4 Summarize B11, B12, B14 B13 

5 Conclude B15, B16, B17  

6 Compare B18, B20, B21 B19 

7 Explain B23, B24, B25 B22 

 

Based on Table 5, there are 3 valid questions each to measure the seven aspects of concept 

understanding. However, there is one question that is invalid in each aspect of exemplising, 

summarizing, comparing, and explaining. Thus, there are a total of 4 questions that are invalid 

and cannot be used in further analysis. 

Reliability is the determination of a test when it is applied to the same subject. (Arikunto, 2012). 

According to (Sugiyono, 2018) a reliable instrument is an instrument that, when used several 

times to measure the same object, will produce the same data. The Reliability Test is an index 

test that shows the extent to which a measuring device can be trusted or relied upon. This shows 

the extent to which the measurement results remain consistent when performed twice or more 

for the same symptom, using the same measuring instrument. A measuring instrument is said 

to be reliable if it produces the same result even though it is measured many times (Amanda et 

al., 2019). A reliable or reliable test is a test that produces a score in an orderly manner, 

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


relatively unchanged even though it is administered in different situations. Reliability was 

analyzed using rasch model analysis software in the form of Ministep version 5.6.1 which was 

seen from the values of person reliability (p), item reliability (r), and Cronbach alpha (KR-20) 

in the output section of table 3.1: summary statistics. 

Statistics Index value Interpretation 

Item and person reliability 

< 0.67 

0.67 − 0.80 

0.81 − 0.90 

0.91 − 0.94 

> 0.94 

Low 

Enough 

Good 

Excellent 

Very good 

Cronbach alpha (KR-20) 

< 0.50 

0.50 − 0.60 

0.61 − 0.70 

0.71 − 0.80 

> 0.80 

Low 

Keep 

Good 

Tall 

Very High 

The results of the validity test of the instrument obtained are shown in the following figure 

3. 

 

 

Based on Figure 3, information was obtained about the value of person reliability, item 

reliability, and Cronbach's alpha. These categories need to be interpreted in order to know the 

reliability of people and items. The interpretation of each question item is presented in table 6.  
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 Average 

Logit (SD) 

Separation Reliability Interp. Alpha 

Cronbach 

Interp. 

Person -0,48 

(1,23) 

2,11 0,82 Good 0,85 Very 

High 

Item 0,00 

(0,85) 

2,37 0,85 Good 

 

Based on table 7, the person reliability value is 0.82 with a "good" interpretation. 

Meanwhile, the value of the reliability item obtained is 0.85 with a "good" interpretation. Then 

for the value of Cronbach's alpha (KR-20) obtained is 0.85 with a "very high" interpretation. 

Thus, based on the results of the analysis, it can be concluded that this instrument is reliable to 

be used as an instrument in this study. 

The difficulty level is a number that expresses the difficulty level of a question item (Junika et 

al., 2020). According to (Bagiyono, 2017), quality questions have a good level of difficulty, 

namely having a balance in the comparison between easy, medium, and difficult questions. The 

difficulty level of a question is the opportunity to answer a form of a question at a certain level 

of ability which is usually expressed in the form of an index (Kadir, 2015). The greater the 

difficulty index (obtained from calculations), the easier the problem will be. The difficulty level 

of the questions is used to find out whether the question items used are in the easy, medium, or 

difficult categories. The determination of the difficulty level was carried out using Rasch 

modeling analysis software in the form of Ministep version 5.6.1. The difficulty level of the 

question items can be reviewed from the measure value (ME) and standard deviation (SD) by 

comparing the logit value of ME on each item and the SD score (Sumintono & Widhiarso, 

2015). The level of difficulty of each question item can be interpreted based on the criteria in 

Table 8 below. 

Difficulty Level Criteria Interpretation 

ME < −1SD Easy 

-1SD ≤ ME ≤ +1SD Medium 

ME > +1SD Difficult 

 

The results of the difficulty level analysis from the results of the instrument test using 

Ministep software version 5.6.1 on the output of the item measure table obtained a standard 

deviation (SD) value of 0.32, then interpreted based on the difficulty level criteria in the 

following table 9. 

Item 

Number 

Question 

Measure 

(ME) 

Standard 

Deviation 

(SD) 

Criterion Interpretation 

B1 0,50 0,32 0,50 > 0,32 Difficult 

B2 0,50 0,32 0,50 > 0,32 Difficult 
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Item 

Number 

Question 

Measure 

(ME) 

Standard 

Deviation 

(SD) 

Criterion Interpretation 

B3 -0,24 0,30 -0,32 ≤ -0,24 ≤ 0,32 Medium 

B4 -0,94 0,30 -0,94 < -0,32 Easy 

B5 1,57 0,38 1,57 > 0,32 Difficult 

B6 0,60 0,32 0,60 > 0,32 Difficult 

B7 -0,68 0,30 -0,68 < -0,32 Easy 

B8 -0,94 0,30 -0,94 < -0,32 Easy 

B9 -1,49 0,31 -1,49 < -0,32 Easy 

B10 -0,42 0,30 -0,42 < -0,32 Easy 

B11 -0,77 0,30 -0,77 < -0,32 Easy 

B12 -0,42 0,30 -0,42 < -0,32 Easy 

B13 2,07 0,44 2,07 > 0,32 Difficult 

B14 0,03 0,30 -0,32 ≤ 0,03 ≤ 0,32 Medium 

B15 0,21 0,31 -0,32 ≤ 0,21 ≤ 0,32 Medium 

B16 0,12 0,30 -0,32 ≤ 0,12 ≤ 0,32 Medium 

B17 -0,68 0,30 -0,68 < -0,32 Easy 

B18 -1,03 0,30 -1,03 < -0,32 Easy 

B19 1,29 0,36 1,29 > 0,32 Difficult 

B20 0,03 0,30 -0,32 ≤ 0,03 ≤ 0,32 Medium 

B21 0,60 0,32 0,60 > 0,32 Difficult 

B22 0,03 0,30 -0,32 ≤ 0,03 ≤ 0,32 Medium 

B23 -0,50 0,30 -0,50 < -0,32 Easy 

B24 1,04 0,34 1,04 > 0,32 Difficult 

B25 -0,50 0,30 -0,50 < -0,32 Easy 

 

Based on table 9, it can be seen that the question items are spread into easy, medium and 

difficult categories. The level of difficulty can be further analyzed by calculating the frequency 

and percentage for each interpretation of the difficulty level of the question item shown in the 

following table 10. 

Interpretation Frequency Percentage (%) 

Easy 11 44 

Medium 6 24 

Difficult 8 32 

 

Based on table 10, information was obtained that the largest frequency was shown at the 

level of difficulty with an "easy" interpretation, which was as many as 11 questions with a 

percentage of 44%. There were 6 questions with a "medium" interpretation with a percentage 

of 24% and 8 questions with a "difficult" interpretation with a percentage of 32%. This shows 

that the difficulty level of the instrument is quite well distributed. 

Complementing the previous research conducted by Rahman et al. (2021), this study 

explores students' understanding of the concept of momentum and impulse material as an 

important foundation before measuring higher-order thinking skills (HOTS). Thus, this study 

makes a significant contribution to the mapping of students' cognitive development in 

understanding abstract physics concepts. 

The scope of this research is limited to physics learning, especially the concepts of 

Momentum and Impulse at the high school level. Therefore, it is necessary to conduct further 
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research with various materials and levels of education to identify students' ability to understand 

concepts more comprehensively. 

Several recommendations can be put forward for further research development. The 

instruments that have been developed in this study can be tested on a wider scale, involving 

students from different schools and backgrounds. In addition, it is necessary to conduct research 

involving other physics materials and different levels of education. 

The results of this study can be a valuable reference for educators in designing effective 

learning activities to improve students' ability to understand concepts, as well as making an 

important contribution to the development of evaluation instruments that can measure students' 

higher-level thinking skills more accurately, especially in understanding the concepts of 

momentum and impulse. 

Based on the results of the study, it shows that the research instrument has excellent reliability. 

The logit reliability value of 0.82 and item reliability of 0.85 indicates that this instrument is 

consistent in measuring the understanding of the concept of momentum and impulse on the 

logit scale, and each individual question item has high consistency. Cronbach's alpha coefficient 

of 0.85 also confirms the instrument's overall internal reliability. Of the 25 questions tested, 4 

questions were found that did not meet the quality criteria that had been set. Further analysis 

shows that questions B8 and B18 have low differentiation, while questions B5 and B13 have 

too high a level of difficulty. This indicates that the question items need to be revised or deleted 

in future research. 
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