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Abstract
 

___________________________________________________________________ 

Teachers are expected to be able to evaluate the learning process and also be 

able to develop evaluation tools or instruments used in the learning process. 

Test items are considered appropriate if they are valid and able to measure the 

level of suitability and reliability or consistency. The purpose of this study was 

to analyze the quality of the test items and the mathematical ability of the XII 

grade students of the State Vocational School in one of State Vocational School 

in Semarang District. This research is a quantitative descriptive study that 

describes the quality of the mathematics test items made by the teacher and the 

students' abilities in mathematics. The subjects in this study were 126 student 

response patterns to the test instrument in the form of multiple choice 

questions totaling 20 items for class XII students. Rasch model was used to 

analyze this research with the help of Winsteps 3.73 software. A total of 20 

items were tested, there was only one item, namely item number 7, which did 

not fit, which means it does not function normally to measure students' 

abilities. The ability of students who are relatively weak with Person Reliability 

of 0.48. The results showed that the quality of the test items was applicable. 

This is indicated by the Item Reliability value of 0.95 which means that the 

items are very good for evaluating students' abilities. 
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INTRODUCTION 

 

Evaluation is a very important 

requirement that critically examines the 

learning process. Evaluation is used to 

determine whether the educational objectives 

implemented have been achieved. Therefore, 

evaluation is a measure of whether teachers 

are able to teach well and have the ability to 

evaluate the learning process. 

A good evaluation process is certainly 

carried out with good instruments. Educators 

or teachers are not only expected to be able to 

evaluate the learning process, they must also 

be able to develop evaluation tools or 

instruments used in the learning process 

according to the type of expected learning 

outcomes. more than that, evaluation tools or 

instruments must also be adapted to 

techniques in measuring and obtaining data 

which can then serve as an indicator of the 

achievement of learning objectives (Erfan et 

al., 2020). 

An assessment requires a good and 

appropriate tool in measuring students' 

abilities. One of the tools used is a test. In 

order for the tests to be carried out to 

determine the actual abilities of students, 

several criteria must be met. A good test 

instrument is one that meets several criteria, 

including good item validity, good item 

reliability, varying levels of item difficulty, and 

has different power of questions that are able 

to distinguish smart students and are able to 

answer questions with students. who are 

unable to answer the questions (Fauziana et 

al., 2021). 

The item is said to be valid if the item 

measures what it is supposed to measure. That 

is, if the desired learning outcomes include 

changes in knowledge, skills, and attitudes, 

then the questions made must also include 

these three things (Sumintono & Widhiarso, 

2015). Reliability testing is to determine the 

consistency of the measuring instrument, 

whether the measuring instrument used is 

reliable and remains consistent if the 

measurement is repeated (Hazlita et al., 2014). 

However, in fact, the teachers in the 

process of preparing the test instrument did 

not conduct an analysis of the quality of the 

items in the form of an analysis of validity and 

reliability. The preparation of the test 

instrument is carried out by the teacher based 

on the grid that has been made. This is also 

what was done at the State Vocational School 

where this research was conducted. The 

quality of the test instruments designed to test 

students' final semester abilities has not been 

analyzed for quality, so it is necessary to 

analyze the quality of the instruments in the 

form of validity and reliability analysis. 

According to Fauziana et al., (2021), the test 

instrument that has not been analyzed for the 

quality of the item results in a quasi-

assessment which has an impact on the 

unmeasured ability of the actual student. 

Analysis of the quality of test 

instruments can be done with two approaches, 

namely classical test theory or Classical Test 

Theory (CTT) and modern test theory or 

commonly called Item Response Theory (IRT) 

which usually uses Rasch modeling. Classical 

Test Theory (CTT) is a basic method that is 

generally used in item analysis (Fernanda & 

Hidayah, 2020). 

The current test instrument quality 

analysis approach that is still widely used is 

the classical test theory approach or CTT. 

CTT is used to predict test results by 

considering several parameters as students' 

abilities and the level of difficulty of the item 

(Sumintono, 2018). CTT in its development 

has received a lot of criticism because it has 

limitations such as the score obtained depends 

on the sample and the central score. In 

addition, the measurement of reliability on the 

CTT using Cronbach's Alpha and validity is 

based on the correlation of the scale score with 

other measurements that are not necessarily 

reliable or valid (Van Zile-Tamsen, 2017). In 

the analysis using CTT, students' abilities are 

only seen from the total score without paying 
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attention to the correlation between the ability 

of test takers and the characteristics of the 

items (Pratama, 2020). 

Many researchers found the weakness 

of the CTT, which led to an alternative item 

response theory (IRT) analysis. IRT does not 

depend on the sample of certain question items 

and the abilities of the people involved in the 

test (Sumintono, 2018). There are three types 

of logistic parameter models in IRT: the first, 

the 1PL model which involves one parameter 

in the form of difficulty level; the second, the 

2PL model which involves two parameters, 

namely item difficulty level and item 

discrimination power; and the third, the 3PL 

model which involves three parameters, 

namely item difficulty level, item 

discrimination power, and pseudo guess 

(Sumintono & Widhiarso, 2015). 

The 1PL model was developed by 

Georg Rasch, a mathematician from 

Denmark, which was later called the Rasch 

Model (Sumintono, 2018). Rasch (1960) in 

Bond & Fox (2015) explains that a person is 

said to have more ability than others if he has 

a greater chance of answering one item 

correctly. Items with a high level of difficulty 

make the individual's opportunity to answer 

smaller. The Rasch model only uses one 

parameter, namely the item difficulty level 

parameter. Other parameters such as the 

discriminatory power parameter are assumed 

to be the same for all items and the pseudo-

guess parameter is equal to zero (Andayani et 

al., 2019). 

Rasch model analysis can be done using 

Winsteps software. Analysis that can be done 

using Winsteps include Person Reability, Item 

Reliability, Item Fit, Item Measure, and 

Person Fit. The reliability value of the Rasch 

Model using Winsteps can be seen by 

displaying the results from the Output Table 

main menu, then selecting Table 3.1 Summary 

Statistics. The reliability value can be seen 

from the Person Reliability and Item 

Reliability values that appear. Based on the 

Winsteps Guide described, Person Reliability 

can be equated with Classical Test Theory 

reliability values such as KR-20 and Alpha 

Cronbach (Boone et al., 2013). 

Rasch modeling using Winsteps can be 

used to see the suitability of items with a 

model commonly called Item Fit. Item Fit 

explains whether the item functions normally 

to take measurements or not. If a question 

does not fit, it can be indicated that there is a 

misconception among students about the item. 

Item Fit on Winsteps can be seen in the output 

section of Table 2.9 Item Fit Order 

(Sumintono & Widhiarso, 2015). 

Detection of bias on items in the 

analysis of the Rasch model is shown in the 

Differential Item Functioning (DIF) function. 

This is necessary to determine whether the 

items given have a bias in certain categories of 

respondents or not. Bias in the items can be 

identified based on the probability value of the 

item which is below 5% (Sumintono & 

Widhiarso, 2014:124). 

Currently, there are still not many 

researchers who use IRT for test analysis in 

analyzing students' abilities and analyzing the 

quality of items. Analysis of student abilities 

and quality of items is still mostly done using 

the CTT method. Previous research on 

analyzing the characteristics of items still uses 

CTT such as the research of Sa’idah et al., 

(2019) and Sainuddin & Ilyas, (2016). 

Research on the quality of items using 

the Rasch Model has been carried out by 

Kurniawan (2019), Tabatabaee-Yazdi, (2018), 

Hasnah (2017), and Dewi Juliah Ratnaningsih 

& Isfarudi (2013). Likewise with research on 

the ability of respondents to a test that has 

been carried out by Moore & Gordon (2014) 

and Ling et al. (2018). 

Some studies emphasis more on 

comparing the analysis using CTT with IRT as 

in the study of (Jabrayilov et al., 2016). 

However, it is still difficult to find research 

that analyzes the quality of items as well as 

students' mathematical abilities using the 

Rasch Model. This study aims to investigate 
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the quality of the items and students' 

mathematical abilities using the Rasch Model. 

 

METHODS 

 

This research is a descriptive study that 

describes the quality of the mathematics 

questions made by the teacher and the 

students' abilities in mathematics in one of the 

State Vocational High Schools in Semarang. 

The subjects in this study were 126 student 

response patterns to the test set in the form of 

multiple choice questions totaling 20 items 

with five alternative answers in the first 

semester assessment of mathematics class XII 

which were collected through documentation 

techniques. 

The questions are made by the 

supporting teacher by taking into account the 

existing competency indicators and standards 

and the quality of the items has not been 

analyzed. The object of this research is the 

quality of the items and students' 

mathematical abilities. The response patterns 

obtained were analyzed quantitatively using 

the Item Response Theory 1 Parameter Logistics 

approach or the Rasch Model with the help of 

the Winsteps 3.73 program. Analysis that can be 

done using Winsteps include Person Reability, 

Item Reliability, Item Fit, Item Measure, and 

Person Fit. 

 

RESULTS AND DISCUSSION 

 

Level of Difficulties (Item Measure) 

Item analysis was carried out to find 

suitable items based on existing criteria. In 

addition, it was also to determine the level of 

difficulty of the items tested to students. The 

order of item difficulty level (item measure) in 

Table 1 corresponds to the order of items in 

the Number of Items. 

 

Tabel 1. Level of Difficulties (Item Measure) 

Number of 

Item 
Measure Result 

Number of 

Item 
Measure Result 

6 1.84 Difficult 3 -0.02 Moderate 

13 1.84 Difficult 17 -0.02 Moderate 

18 1.06 Difficult 16 -0.02 Moderate 

14 0.88 Moderate 5 -0.06 Moderate 

8 0.84 Moderate 9 -0.61 Moderate 

1 0.41 Moderate 20 -0.71 Moderate 

2 0.41 Moderate 7 -1.01 Moderate 

12 0.26 Moderate 15 -1.73 Easy 

19 0.22 Moderate 10 -1.84 Easy 

4 0.14 Moderate 11 -1.95 Easy 

 

The standard deviation in this study is 

1.05. The grouping of item difficulty levels can 

be seen by combining the standard deviation 

value (1.05) with the logit average which is 

always 0.00 (Sumintono & Widhiarso, 2015). 

Values > 0.0 logit + SD are difficult questions, 

namely items numbered 6, 13, and 18. Values 

between 0.0 logit + SD to 0.0 logit - SD can be 

categorized as items with a moderate level of 

difficulty, so 14 of the 20 items are categorized 

as a question of moderate difficulty. While the 

value < 0.0 logit - SD is categorized as an easy 

question, namely items number 15, 10, and 11. 

A high logit value in the Measure 

column indicates a high level of difficulty. 

Questions 6 and 13 are the questions with the 

highest level of difficulty. A total of 37 

students out of 126 students answered the 

question correctly. The question with the 

lowest level of difficulty is in question number 
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11. The logit value of the items has the same 

scale so that it can be used to compare the 

level of difficulty between one question and 

another (Sumintono & Widhiarso, 2015). For 

example, questions number 6 and 12 (+1.84 

logit) are compared to item 14 (+0.88 logit), so 

it can be said that questions number 6 and 12 

have twice the difficulty level of question 

number 14. 

Level of Appropriaeness of Items (Item Fit) 

Item fit explains whether the items 

function normally in measuring or not 

(Sumintono & Widhiarso, 2015). The category 

of determining fit items is explained by 

(Boone, 2016). An item is said to be fit if it 

meets the criteria in Table 2. 

 

Table 2. Question Item Quality Criteria 

Standard Criteria 

Outfit Mean Square (MNSQ) 0.5 < MNSQ < 1.5 

Outfit Z-Standard (ZSTD) -2.0 < ZSTD < 2.0 

Point Measure Correlation (Pt.  Mean Corr) 0.4 < Pt. Measure Corr < 0.85 

 

The result of the item suitability analysis is described in Table 3. 

 

Table 3. Level of Appropriaeness of Items (Item Fit) 

No. Bu 

tir 

Outfit Pt. Mean Corr No. Bu 

tir 

Outfit 
Pt. Mean Corr 

MNSQ ZSTD MNSQ ZSTD 

7 1.50    1.9 A .22 19 1.02 0.2 j .30 

13 1.38 2.7 B .13 11 0.76 -0.5 i .21 

10 1.33 0.9 C .17 14 0.96 -0.5 h .38 

2 1.14    1.5 D .23 16 0.98 -0.1 g .34 

1 1.10 1.1 E .25 8 0.92 -1.1 f .42 

3 1.10     0.8 F .26 4 0.87 -1.2 e .42 

18 1.07  0.9 G .28 9 0.79 -1.1 d .40 

6 1.00 0.1 H .27 20 0.79 -1.0 c .40 

15 1.06 0.3 I  .12 17 0.87 -1.1 b .43 

12 1.03 0.3 J  .28 5 0.77 -1.9 a .50 

 

A total of 20 questions have been tested, 

19 of which are included in the MNSQ 

criteria. One item that is not included in the 

MNSQ criteria is item number 7 with an 

MNSQ score of 1.5. The ZSTD criteria are 

met by all items, namely -2.0 < ZSTD < +2.0. 

Criteria for acceptance of the value of Pt. 

Measure Corr is 0.4 < Pt. Measure Corr < 

0.85 fulfilled by items number 8, 4, 9, 20, 17, 

and 5. While items that do not include the 

criteria of Pt. Measure Corr consists of 14 

items, namely items number 7, 13, 10, 2, 1, 3, 

18, 6, 15, 12, 19, 11, 14, and 16. 

The result of the analysis, of the 20 

items, only item number 7 is considered unfit 

so that it needs to be revised or discarded. 

Compared to other studies, the quality 

classification of the items analyzed is better 

than the results of Hasnah's research (2017) 

where only 9 out of 40 questions or 22.5% 

items are categorized as good. 

 

Construct Validity 

The construct validity of the analyzed 

items can be seen through Item 

Dimensionality on Winsteps 3.73. Construct 

validity can be determined by looking at the 
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Raw Varience and Unexplned Variance. Raw 

Variance values can be concluded using the 

following criteria: Value 20% less good, 20-

40% good, 41-60% very good, and > 60% 

excellent. While the value allowed in the 

Unexplned Variance is <15% (Widyaningsih 

& Yusuf, 2018). The results of the construct 

validity analysis are shown in Figure 1. 

 

 

Figure 1. Construct Validity Analysis Results 

 

The results of the construct validity 

analysis showed that the Raw variance 

percentage was 23.3% so it was categorized as 

good. Raw unexplained variance 11-5 results 

are 10.5%, 8.3%, 7.3%, 6.2%, and 5.3%, 

respectively. Overall Raw unexplained 

variance is below 15%. 

Based on the results of the analysis of 

construct validity using the Rasch Model 

assisted by Winsteps 3.73, it was found that 

the instrument analyzed had met the criteria of 

construct validity with the results of a good 

category with a percentage of 23.3%. The 

results obtained by the researcher are not 

much different from the results of the raw 

variance of research results from 

(Widyaningsih & Yusuf, 2018:39) which are 

also categorized as good with a percentage of 

30.8%.  

 

DIF Analysis 

A question can be called biased if there 

is one student with certain characteristics who 

are more advantaged than the characteristics 

of other students. In this study, the results 

were analyzed for gender bias, namely male 

(L) and female (P). Detection of items infected 

with DIF can be seen through the output 

probability (PROB.) in Winsteps 3.73. Items 

that have a PROB value. below 0.05 indicates 

that the item is infected with DIF based on 

gender (Sumintono & Widhiarso, 2014). The 

results of the DIF analysis are described in 

Figure 2. 
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Table 4. DIF Analysis Result 

 

 

 

The results of the DIF analysis in Figure 

2. show that one item with a PROB value 

below 0.05, namely item number 7 with a 

probability value of 0.0174. The results of the 

item analysis that are biased towards gender 

are reinforced by the graph in Figure 2. 

 

 

Figure 2. DIF Chart 

 

In Figure 2 above, there are two 

variations of the classification of respondents, 

L for male and P for female. There are three 

lines of different colors. The blue line shows 

the ability level of the male students and the 

red line shows the ability level of the female 

students. While the green line shows the 

average ability level of all students. 

Points that are close to the upper limit 

such as items number 6, 13, and 18 indicate a 

high level of problem difficulty. On the other 

hand, dots at the bottom such as numbers 10, 

11, and 15 indicate easy questions. The points 

of the blue and red lines on the items other 

than the numbers above coincide with each 

other so that it can be said that these items do 

not have any bias in working for both men and 

women. The item that is considered biased, 

namely item number 7, indicates that the item 

is easy for men to do and is considered 

difficult for women to do. Another item that is 

considered to be close to bias is number 15, 

where the item is easy for female testees to do 

and difficult for male testees to do. However, 

based on the 0.05 probability criterion, the 
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item considered to be infected with DIF is 

item number 7. 

 

Students Ability (Person Measure) 

The Person Measure output shows that 

the average ability of 126 students is 0.85 logit 

with a standard deviation of 0.79. The mean 

and standard deviation can be used to classify 

students' abilities. The average ability of 

students is used as a reference to classify 

students' abilities as high, medium, or low. 

The student's ability criteria are classified 

based on Table 4. 

 

Table 5. Students’ Ability Criteria 

Ability Criteria 

High Measure > Mean + SD 

Moderate 
Mean - SD < Measure < Mean + 

SD 

Low Measure < Mean - SD 

 

From the ability of 126 students, there 

are 27 students with high ability with a 

Measure value of more than 1.64 logit 

(0.85+0.79). Then there are 76 students with 

moderate ability. The remaining 23 students 

with low ability whose logit value is below 

0.06 (0.85-0.79 logit). The ability analysis that 

has been done shows that 18% of students 

have low abilities, 60% have moderate 

abilities, and 22% have high abilities. Medium 

ability as much as 60% indicates that the 

majority of students have a fairly good ability 

to the material being tested. 

 

Person Fit 

Rasch model is not only used to classify 

students' abilities but also used to find out 

whether there are students with inappropriate 

response patterns. The pattern of inappropriate 

responses is the discrepancy of the answers 

given based on their abilities compared to the 

ideal model. The level of individual suitability 

(Person Fit) can be searched with the quality 

criteria of the items (Item Fit), namely the 

MNSQ, ZSTD, and Pt criteria. Mean Corr. 

From 126 students, there were 5 individual 

responses that were unusual because they fell 

out of the MNSQ, ZSTD, and Pt criteria. 

Mean Corr, namely individual responses 

numbered 121, 88, 1, 103, and 77. The 

inappropriateness of the response can be seen 

from the output of the Guttman Scalogram. 

The output of the Guttman Scalogram has 

sorted the data based on the students' abilities 

and the level of difficulty of the questions. The 

level of difficulty of the questions has been 

ordered from left to right for the easiest to 

most difficult questions. The output of the 

Guttman Scalogram is shown in Figure 3. 

 

 

Figure 3. Respone Result of Guttman Scalogram 

 

In Guttman Scalogam, it can be seen 

that respondent number 121 gave a slightly 

odd response, where he could do the difficult 

questions but could not do the easier 
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questions, namely items number 10 and 2. The 

most unnatural response was response number 

77. Respondent number 77 looks random in 

doing the questions, where the easy questions 

are not done, but the more difficult questions 

can be done. The random response pattern 

from number 77 indicates that response 

number 77 uses a guessing process (lucky 

guess) in working on the problem. 

The Guttman Scalogram output shows 

responses that tend to be the same among 

individuals who work on the problem. Of the 

126 students who worked, there were groups 

that had the same response pattern, so that it 

could be indicated that there was cheating, 

namely responses numbered 108, 113, and 

116. The indication of cheating was evidenced 

by the same response on each item numbered 

question. Moreover, the three respondents are 

close responses. 

 

Person Reliability and Item Reliability 

In addition to analyzing for items and 

individuals, the analysis of the Rasch model 

can be used to analyze at the instrument level 

as a whole. The analysis of the instrument in 

question includes the average ability of 

students, comparison of item reliability with 

individual reliability to the test information 

function. The standard value of Person 

Reliability and Item Reliability is > 0.94 

special; 0.91 – 0.94 Excellent; 0.81 – 0.90 

Good; 0.67 – 0.80 Enough; and < 0.67 Weak 

(Sumintono & Widhiarso, 2015). The results 

of the analysis that have been carried out are 

shown in Figure 4. 

 

 

Figure 4. Instrument Analysis Result 

 

The Mean of Person Measure is 0.85 

logit which shows the average value of all 

students in working on the given problem. 

This is offset by the Mean of Person Measure 
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> logit 0.00 indicating the tendency of 

students' abilities on average to be higher than 

the level of difficulty of the questions. The 

good quality of the instrument is supported by 

the results of the measurement information 

function which shows the shape of the normal 

curve. The SD value of 1.05 above 0.00 

indicates that respondents have a tendency to 

be able to answer questions correctly 

(Nuryanti et al., 2018). Person Reliability 

value 0.48 and Item Reliability 0.95. The 

reliability value can be compared with the 

reliability table. 

The Person Reliability value is 0.48 so it 

is quite weak, while the Item Reliability value 

is 0.95 so it is very high or special. The value 

of person reliability is lower than item 

reliability, indicating that the consistency of 

student answers is weak, but the quality of the 

items in the instrument is very high. A good 

instrument can also be proven by the test 

information function graph in Figure 5. 

 

 

Figure 5. Test Information Function 

 

The test information function in Figure 

5 shows a normal curve. The X-axis shows the 

level of student's ability to work on the 

questions, while the Y-axis explains the 

magnitude of the information function. At a 

low level of ability, namely on the left side of 

the curve, it shows that the information 

obtained is quite low, as well as a high level of 

ability. The information obtained by the 

measurement is very high at the average ability 

level of 0.00 logit. Thus, the graph shows that 

the items are suitable for knowing the level of 

students' abilities. 

 

CONCLUSION 

 

From the research that has been carried 

out, it was found that of the 20 items tested, 19 

of them functioned normally in measuring 

students' abilities, while one item was 

considered inappropriate for measuring 

students' abilities as well as gender bias. A 

total of 3 questions are categorized as difficult 

questions, 14 items are in the medium 

category, and 3 questions are in the easy 

category. As many as 126 students who gave 

responses, there were 27 students with high 

abilities, 76 students with moderate abilities, 

and the remaining 23 students with low 

abilities. Overall, the instrument can be said to 

be good with item reliability of 0.95 and a 

curve graph that forms a normal curve. 

The ability of students who are quite 

weak with a person reliability of 0.48 becomes 

a note for teachers to strengthen students' 

abilities, especially the basics of mathematics 

so that students' abilities can get better. 
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