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A high-quality test has a balanced level of difficulty and can be 

completed by the respondent with their level of abilities. This study 

analyzed the test instrument used to measure students' mathematics 

abilities in the semester final exam on System of Linear Equations in 

Two-Variables. The purposive sampling technique was applied to select 

the respondent students (N=195). The test items were twenty multiple-

choice questions. The researchers performed the data analysis using 

Rasch model Item Response Theory (IRT) approach with the QUEST 

program. The analysis revealed that the twenty items’ validity matched 

the Rasch model with a range of INFIT MNSQ values between 0.89 – 

1.17. Items on the final semester exam can be used based on the 

estimated OUTFIT t-value less than equal to 2.00. The OUTFIT t 

analysis obtained nineteen qualified items and one unqualified item. 

 
 

 

INTRODUCTION 

Various significant social changes occur along with the development of the fourth industrial 

revolution, especially in the educational transformation (Cotet et al., 2020; Johari et al., 2021; 

Slavinec et al., 2019). It is only natural that education can change individuals’ way of thinking 

for the better (Purwandari et al., 2018). A better way of thinking will improve the quality of 

the individual’s self-quality (Schunk & DiBenedetto, 2020). One way to develop self-quality 

is to establish a way of thinking through mathematics lessons (Noortsani, 2019). Concepts 

and principles can be constructed through mathematics learning through the internalization 

process to reshape ideas (Agnesti & Amelia, 2020; Suryani et al., 2020). 

Mathematics determines the ability to understand concepts that have been obtained and 

mastered by students after following the learning process. There is an understanding of 

concepts, thinking skills, reasoning abilities, and mathematical concepts in posing problems 

(Rachmawati et al., 2019). Realizing good mathematics learning needs to involve several 

problems that must be solved (Syafitri et al., 2018). Mathematics is more appropriate by 

introducing context-based problems (contextual problems) (Achir et al., 2017). In reality, 

students in Indonesia do not understand and cannot apply mathematical models to existing 

contextual problems. They cannot interpret mathematical solutions into contextual problems 

and explain concepts and strategies to solve them (Nasution & Ahmad, 2018). In other words, 

Indonesian students possess a relatively poor ability to solve mathematical problems (Asih & 

Ramadhani, 2019; Suryani et al., 2020). 
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The Program for International Student Assessment (PISA) survey published in March 

2019 reveals that Indonesian students’ reading, science, and math skills are ranked 74 out of 

79 countries (Yulistianti & Megawati, 2019). The average PISA score obtained by Indonesian 

students in mathematics was 379. The average score was far from the minimum score of 489 

(Panyahuti et al., 2020). Indonesia's PISA results were behind Mexico's, which reached level 

2 in mathematics (Rojas-kramer et al., 2020). One of the mathematics materials is the System 

of Linear Equations in Two Variables (SLETV) (Murtiyasa & Al Karomah, 2020; Suryani et 

al., 2020). SLETV material is presented through stories so that students can apply the material 

learned in everyday life (Yusuf & Fitriani, 2020). Besides, the results of other studies show 

that mathematical communication skills through the System of Linear Equations in Two-

Variables (SLETV) are still relatively low in junior high school (Bey & Asriani, 2013). The 

other research results support this statement that junior high school students in Cianjur were 

having difficulty solving the System of Linear Equations in Two-Variables  (SLETV) 

questions (Yusuf & Fitriani, 2020). 

Thus, it is necessary to have a good quality test to determine mathematical 

understanding related to the System of Linear Equations in Two Variables. Assessment of 

learning outcomes is one way to determine students’ achievement (Panyahuti et al., 2020). 

Each assessment is designed to measure and classify the test taker's performance in a specific 

domain. Depending on the scoring design, scores can be on an ordinal, interval, or ratio scale 

(Himelfarb, 2019). The assessment determines whether the learning objectives have been 

achieved and how students acquire the expected goals (Alfarisa & Purnama, 2019). Students' 

low learning outcomes do not always indicate poor competence and vice versa. The low 

learning outcomes also does not measure the meaninglessness of the learning. Thus, to get 

good learning evaluation results, it is necessary to investigate test quality as an indicator 

(Sainuddin, 2018). 

Learning evaluation is a series of processes in improving the quality, performance, and 

productivity in carrying out the program or its objectives (Isnani et al., 2019; Mardapi, 2012). 

Item analysis can be analyzed using classical test theory and modern test theory. The 

weakness of classical test theory is the difficulty and the discriminating index of the items 

depending on the group of students working on them. The test analysis methods and 

techniques compare students' abilities by dividing several parts into specific groups. The 

concept of score reliability is defined from the term test. There is no fundamental theory to 

determine how participants do the tests relevant to their abilities, and standard error 

measurement (SEM) is applied to all test-takers (Alfarisa & Purnama, 2019; Hambleton et al., 

1991). 

There is a weakness in classical item analysis, so modern problem analysis is utilized. 

Modern problem analysis can be done with Item Response Theory. Item Response Theory 

contains a broad set of statistical models that calculate the probability of a learner with some 

or all of the abilities to answer individual items on a test correctly (Stewart et al., 2018). The 

Item Response Theory approach is a measurement approach developed to overcome the 

weaknesses of classical test theory (Ayub et al., 2020; Ramdani et al., 2020). One item 

response theory model is the Rasch model, which is developed from a simple logistic model 

(Rahayu et al., 2021). 
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Rasch model was developed to analyze categorical data (Himelfarb, 2019). It offers a 

new paradigm in longitudinal educational research. The Rasch model’s analysis improves the 

accuracy and quality of tests and surveys, allowing various measuring instruments (Al Ali & 

Shehab, 2020). The Rasch model is a modern valuation theory that classifies the calculation 

of items and people in a distribution map (Azizah & Wahyuningsih, 2020). It is a simple 

model (Mardapi, 2012). Besides, (Sumintono & Widhiarso, 2015), the Rasch model meets the 

measurement principles, such as having a linear measurement with equal intervals, 

overcoming the problem of missing data, providing an accurate estimate, being able to detect 

an inappropriate model, and providing independent measurement instruments parameters 

(Pratama, 2020).  

Research on the Rasch model has been widely discussed (Chan et al., 2021; Che Lah et 

al., 2021; Nielsen et al., 2021; Scoulas et al., 2021; Tseng & Wang, 2021). Previous findings 

show that the Rasch model can be used by teachers and can be applied in final semester 

exams in various subjects: Chemistry (Purnamasari & Kartowagiran, 2019), Economics 

(Alfarisa & Purnama, 2019), Morality (Aqidah-Akhlak)(Pratama, 2020), and Physics (Asriadi 

& Hadi, 2021; Palimbong et al., 2018). Several similar studies were found, such as 

investigating the quality of test instruments in measuring students' abilities in exams. 

However, there has been no research on the quality of the items investigated using the Rasch 

model approach with QUEST in mathematics subjects on System of Linear Equations in 

Two-Variables. This research aimed to determine the quality of the test instruments used to 

measure students' abilities in the second-semester final exam in one of the junior high schools 

in Yogyakarta using the Rasch model. The quality is measured based on several indicators, 

namely items that match the Rasch model, level of item difficulty, and item reliability. 

 

METHODS 

This quantitative descriptive research focuses on analyzing the final semester examination test 

instrument using the Rasch model approach. The sampling technique used was purposive 

sampling to select the research subjects. The subjects were eighth-grade Junior High School 

(SMP) students in Yogyakarta (N=195 students). There were 20 multiple choice questions on 

the System of Linear Equations in Two-Variable material. The items were composed of easy, 

medium, and hard difficulties. The correct answer was given a score of 1, and the incorrect 

answer was given a score of 0. Therefore, the data obtained was dichotomous. 

The test results were analyzed using the Rasch Item Response Theory (IRT) Model with 

QUEST. From the output of the QUEST, several parameter items were obtained that fit the 

Rasch model. Also, Cronbach's Alpha value was obtained from the overall items reliability 

test. The overall fit of items in the QUEST program was based on the average value of the 

INFIT Mean of Square (INFIT MNSQ) and the standard deviation or the average value of the 

INFIT Mean INFIT t. The fit of each item in the QUEST was based on the size of the INFIT 

MNSQ value or the INFIT t value of the items. The importance of the Unweighted Mean 

Square (OUTFIT MNSQ) in the QUEST program and the Weighted Mean Square was 

expected to be 1, and the variance was 0. 

The expected value of the Mean INFIT t was equal to 0 with a variance equal to 1. The 

INFIT MNSQ compatibility with the Rasch model ranged from 0.77 to 1.33. On the other 
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hand, the OUTFIT t compatibility with the Rasch model ranged from OUTFIT t ≤ 2.00. The 

reliability of the test was calculated using the following Cronbach Alpha formula: 

 

𝑟 = [
𝑘

(𝑘 − 1)
] [1 −

∑𝜎𝑏
2

𝜎𝑡
] 

Where: 

𝑟: Test reliability coefficient (Cronbach Alpha) 

𝑘: Number of questions  

∑𝜎𝑏
2: Total item variance 

𝜎𝑡: Total variance 

 

The level of difficulty of the Rasch model, which describes the relationship between the 

test items and the person (Bozdağ & Türkoğuz, 2021), can be stated as follows (Hambleton et 

al., 1991): 
 

𝑃𝑖(𝜃) =
𝑒𝐷(𝜃−𝑏𝑖)

1 + 𝑒𝐷(𝜃−𝑏𝑖)
 

 

Where: 

𝑃𝑖(𝜃): The probability that a randomly chosen examinee with ability 𝜃 answers item i 

correctly 

𝑏𝑖: The item I difficulty parameter 

e: A transcendental number whose value is 2.718 

n: The number of items in the test 

𝜃: The ability scale 

D: Scaling factor whose value is 1.7 as a logistic model 

 

RESULTS AND DISCUSSION 

Final Semester Exam Test Construction Map  

The test focused in this research was the mathematics final semester test on System of 

Linear Equations in Two Variables (SLETV). The eighth-graders studied this material in the 

second semester. The test contained twenty items, as displayed in Table 1. 
 

Table 1. Problems’ Specification 

Basic competencies Indicators Cognitive Level Items 

3.5 Explain the system of linear 

equations of two variables and 

the solutions associated with 

contextual problems. 

4.5 Solve related problems. 

 

Students can determine the solution 

to the system of linear equations of 

two given variables. 

C2 1,2 

Students can determine the value of 

the system of linear equations of two 

variables if two are known equation 

forms. 

C2 3,4 
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Students are presented contextual 

problems about the system of linear 

equations of two variables and solve 

the problems. 

C3 

5, 6, 7, 8, 9, 

10, 11, 12, 

13, 14, 15 

Students are presented contextual 

problems about the system of linear 

equations of two variables and solve 

the problems. 

C4 
16,17,18, 

19, 20 

 

The test’s blueprint followed the government's syllabus in the 2013 curriculum. Each 

indicator was adjusted to the cognitive level according to Bloom's taxonomy. In 21st-century 

learning, mastery of competencies is more critical in binding critical thinking skills, creativity, 

and finding solutions to problems. The test was designed to increase thinking ability and 

competence, especially in the System of Linear Equations in Two Variables (SLETV) System 

material. 

 

Estimation of Item Validity 

The test’s validity using the QUEST program (Bashooir & Supahar, 2018) can be 

compared through the criteria in Table 2. 
 

Table 2. The Criteria for INFIT MNSQ 

INFIT MNSQ Value Description 

>1.33 Infit the model 

0.77-1.33 Fit the model 

<0.77 Infit the model 

 

The results of the analysis of the INFIT MNSQ value in the QUEST program can be seen in 

Table 3: 
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Table 3. The Recapitulation of Item Validity 

 
 

Table 3 provides information on item validity where all items fit or match the Rasch 

model with a range of INFIT MNSQ values between 0.89 – 1.17. The item fit map can be 

used to find out whether the item is suitable or not, as displayed in figure 1. 

 
Figure 1. Fit Map of Rasch Model 
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When viewed from the fit map of the model above, all items are in the INFIT MNSQ 

value range of 0.77 – 1.30. The dots on the left show a value of 0.77, while the dots on the 

right show a value of 1.30. 

 

Estimation of Difficulty Level 

The results of threshold analysis can show the difficulty level of an item through the 

QUEST program. The criteria of the items’ difficulty level are ranged from -2.0 to 2.0. If the 

range or distribution of items or test-takers is less than -2.0, the items are included in the easy 

category. Furthermore, if the range of items or test-takers is more than 2.0, the item is in the 

difficult category. For a more detailed view of the distribution of item difficulty levels, see the 

figure below. 

 
Figure 2. Distribution of Items’ Difficulty Levels 

 

Based on Figure 2, item number 6 is the most difficult item. When compared to the test-

taker's ability, the possibility of the test-taker correctly answering item number 6 is low or 

impossible. Also, item number 3 is the easiest item according to the ability of the test-takers. 

The difficulty level of items through the QUEST program can also be seen from the threshold 

criteria displayed in Table 4. 
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Table 4. Difficulty Level Criteria 

Threshold Value Description 

𝑏 > 2 Very difficult 

1 < 𝑏 ≤ 2 Difficult 

−1 ≤ 𝑏 ≤ 1 Medium 

−2 ≤ 𝑏 < −1 Easy 

𝑏 < −2 Very easy 

 

The following is a recapitulation of the difficulty level of each item in Table 5 and Table 6. 
 

Table 5. The Recapitulation of the Difficulty Level of the Rasch Model Questions 

Item Threshold Value Interpretation Item Threshold Value Interpretation 

1 -2.07 Very Easy 11 -1.21 Easy 

2 1.53 Difficult 12 -.31 Medium 

3 -2.95 Very Easy 13 -2.13 Very Easy 

4 1.15 Difficult 14 0.94 Medium 

5 1.20 Difficult 15 1.06 Difficult 

6 1.59 Difficult 16 1.41 Difficult 

7 1.15 Difficult 17 -0.70 Easy 

8 -0.04 Medium 18 1.15 Difficult 

9 -1.99 Easy 19 -1.18 Easy 

10 0.11 Medium 20 1.30 Difficult 

 

Table 6. Category Level of Difficulty Item 

Category Frequency Percentage (%) 

Very Easy 3 15 

Easy 4 20 

Medium 4 20 

Difficult 9 45 

Very Difficult 0 0 

Total 20 100 
 

The level of difficulty based on Table 6 illustrates that the very difficult category items 

are 0 items or 0%. The difficult category consists of nine items or 45%, the medium category 

consists of four items or 20%, the easy category consists of four items or 20%, and the very 

easy item category consists of three items or 15%. Therefore, the test-takers abilities are 

below the item difficulty levels shown by the small number of test participants who can 

answer very difficult or difficult items correctly. The test-takers abilities can be seen through 

the QUEST program’s Summary of Case Estimate on the reliability of the estimate. The 

criteria are as follows: the high ability category has an estimated value of more than 1.00. The 

moderate ability category has an estimated value of -1.00 to 1.00. The low ability category 

has an estimated value of less than -1.00. 
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Figure 4. Estimation of Respondents’ Abilities 

Figure 4 reveals that the test-takers have moderate abilities, with a reliability estimate 

value of 0.00 or with a range of -1.00 to 1.00. 

 

Estimation of Item Fit  

The OUTFIT t value in the QUEST program can be used to determine the items’ passing 

criteria. If the value of OUTFIT t is equal to or lower than 2.00, then the item passes. In 

contrast, if the value of OUTFIT t is equal to or higher than 2.00, the item fails. 
 

Table 7. The Recapitulation of Item Fit 

Item Outfit t Value Description Item Outfit t Value Description 

1 -1.4 Fit 11 -0.2 Fit 

2 0.7 Fit 12 -0.6 Fit 

3 -0.7 Fit 13 -0.9 Fit 

4 0.0 Fit 14 0.6 Fit 

5 -0.1 Fit 15 0.9 Fit 

6 1.1 Fit 16 1.8 Fit 

7 1.2 Fit 17 0.5 Fit 

8 0.2 Fit 18 -0.9 Fit 

9 -1.1 Fit 19 -0.7 Fit 

10 3.0 Infit 20 1.7 Fit 
 

Based on Table 7, there were 19 items passed, and there was 1 item that did not pass 

and could not be used. However, the easiest and the most difficult items should not be 

included in the test because very few test-takers can answer correctly. It should be noted that 

the item questions were very difficult. In this analysis, there were 45% difficult items. It will 

be better if the proportion of the difficult items is reduced to compensate for the test-takers. 

Moreover, the analysis showed that the test-takers belonged to the moderate ability category. 

 

Estimation of Reliability 

The reliability value of the Rasch model using the QUEST program is seen in the reliability of 

item estimate and case estimate. The reliability of the item estimate value was 0.98. This 

reliability is referred to as sample reliability in the Rasch model. The criteria for the reliability 

value of the Rasch model are as follows: less than 0.67 is weak, 0.67 to 0.80 is moderate, 0.81 

to 0.90 is good, 0.91 to 0.94 is very good, and more than 0.94 is perfect.  
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The reliability of the item estimate value of 0.98 is related to the number of items that 

fit the model. The value of 0.98 is in the very good reliability category, so that it affects the 

items that fit the model. The higher the reliability, the more items fit with the model 

(Susdelina et al., 2018). These findings are supported by Asriadi and Hadi (Asriadi & Hadi, 

2021), who claim that the Cronbach Alpha (KR20) measures the interaction between people 

and items as a whole. The person reliability value is 0.48, and the item reliability value is 0.88 

in the calculation of the Rasch model for the physics final semester examination. Another 

finding shows that the instrument reliability value of 0.98 represents a comparative item 

which implies that the score for each question is consistent and stable (Zulkifli et al., 2018). 

The reliability of case estimate value or the reliability of the test-takers of 0.00 is 

classified as weak. This value indicates that there is an inconsistency (Ardiyanti, 2016). The 

reliability of case estimate value or the reliability of the test-takers of 0.00 is classified as 

weak. This value indicates that the test-takers are inconsistent. It can also mean that the test-

takers are careless in answering the questions, thus affecting the reliability value of the person 

or subject (Pratama, 2020).  

The quality of the items in the System of Linear Equations in Two-Variables (SLETV) 

material is appropriate to be used in the final semester examination. However, it is not 

appropriate if the measurement results are used to make students’ abilities (Primi et al., 2016). 

 

CONCLUSIONS 

Based on the final semester exam test analysis on the material of System of Linear Equations 

in Two Variables (SLETV), several characteristics of the test and test-takers can be described. 

The twenty items’ validity fit or matched the Rasch model with a range of INFIT MNSQ 

values between 0.89 and 1.17. The items can be used based on the results of the estimated 

OUTFIT t value of 2.00. The OUTFIT t analysis obtained 19 items that passed and 1 item that 

did not pass. All items were analyzed with estimated difficulty levels. The item in the very 

difficult category was 0%. The items in the difficult category were nine items or 45%. The 

Items in the medium category were four items or 20%. The items in the easy category were 

four items or 20%. The items in the very easy category were three items or 15%. The 

reliability of the item estimate was 0.98 within the very good category, and the reliability of 

the case estimate was 0.00 within the weak category. The researchers suggest further research 

to calculate the quality of items using other models and approaches, such as 2PL or  3PL with  

different software applications. 
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