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ABSTRACT: This study validates the Applied Mathematics exam (AME) test on Diploma 3 (D3) Study Program of Refrigeration 

and Air Conditioning Engineering (RACE), Politeknik Negeri Bali (PNB) to determine the validity, reliability, unidemensional, 

level of difficulty, and discriminatory power of the test. Validation uses the modern test theory approach of the Rasch model. Data 

were collected during the online final exam of the even semester of the 2023/2024 academic year. The instrument uses a multiple-

choice test form with 5 answer options. The sample involved 73 even semester students of the D3 RACE study program who took 

applied mathematics courses. The data collected were analyzed using the Rasch Model assisted by the Winsteps application. The 

results of the analysis show that the AME test has an adequate level of validity, most of the questions meet the fit criteria for the 

Rasch Model. The level of test reliability is categorized as very good with a person and item reliability value of 0.90. Several 

questions still show misfits that require improvement. Item difficulty and person ability show a proportional distribution between 

the level of difficulty of the questions and the students' abilities. Overall, the test's discriminatory power is categorized as good, 

although there is one question that needs to be reviewed further for improvement. The implication is that the use of the Rasch Model 

in validating online test instruments can help teachers in compiling questions that are more valid, reliable, and in accordance with 

the level of student ability. The implication is that the application of the Rasch Model in validating test instruments can help lecturers 

in constructing more valid and reliable tests. The results of this study can be used as an empirical example of the application of the 

Rasch model theory to produce more valid and reliable measurements. It is recommended that the development of future test tests 

really needs to pay attention to the balance between the level of difficulty of the items and the abilities of the students, and ensure 

that the measurements are more valid and reliable, especially in the context of polytechnic education. 
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INTRODUCTION 

Measuring students' ability to understand lecture materials is a crucial aspect in the learning evaluation process in higher 

education. One of the evaluation instruments used is the final semester exam test, which aims to measure learning outcomes in the 

course. However, the effectiveness and validity of these examination instruments are often debated. Examination instruments that 

do not meet validity and reliability standards can provide biased evaluation results and do not reflect actual abilities 1–4. 

An evaluation instrument including an Applied Mathematics test can be said to be of quality, it must meet several main criteria, 

namely validity, reliability, discrimination power, and appropriate test difficulty level 6–11. Validity refers to the extent to which an 

instrument actually measures what it is supposed to measure 12–14. A valid test ensures that the test items are in accordance with the 

learning objectives that have been set and cover all aspects of the material that is the focus of the evaluation. Without adequate 

validity, evaluation results tend to be irrelevant to the abilities to be measured. Meanwhile, Reliability refers to the consistency of 

measurement results 12–15. A reliable instrument will provide stable results even if tested at different times or groups of students. 

This is important to ensure that the test results truly reflect students' abilities, not influenced by random factors such as technical 

errors or variations in the implementation of the exam. In addition, the test must also have good discriminatory power. 

Discriminatory power is the ability to distinguish between students who have better understanding and those who have less 12,14. 

Tests with low discriminatory power tend to provide uninformative results because they fail to map variations in ability between 

students. 
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The level of test difficulty also plays an important role in ensuring the effectiveness of the test. The level of test difficulty is 

the proportion of participants who answer a question correctly 12,14. A good test should include a distribution of questions with 

various levels of difficulty, ranging from easy, medium, to difficult. The goal is to ensure that the test is able to measure students' 

abilities at various levels. If all the questions are too easy, the test will fail to challenge students who have a deep understanding. 

Conversely, if all the questions are too difficult, students with basic understanding cannot answer well, so that the evaluation results 

are not representative. A proportional combination of difficulty levels will help produce a comprehensive picture of students' abilities 
16–18. Tests that meet these requirements will contribute to a fair, accurate, and representative evaluation. Therefore, the process of 

preparing an examination instrument requires not only a deep understanding of the material, but also the application of good 

evaluation principles 14 . This ensures that tests can function as effective measuring tools in supporting improvements in the quality 

of learning and achievement of student learning outcomes. 

Applied Mathematics is one of the basic courses in the D3 study program of RACE at the PNB which focuses on the application 

of mathematical concepts in solving real problems. The characteristics of mathematics courses require good conceptual 

understanding and analytical skills, quality evaluation instruments are needed and are able to measure students' abilities accurately. 

Test validity can be determined through various approaches, one of which is the Rasch model approach. The Rasch model is 

one method in item response theory that is able to evaluate the extent to which test items on the test instrument function consistently 

and fairly in measuring student abilities 19. This approach is not only able to evaluate the quality of test items in terms of their level 

of difficulty, but also provides an in-depth analysis of test reliability, unidimensionality, and potential bias that may be present in 

the test items 20,21. 

The advantage of the Rasch model approach compared to other approaches in educational measurement practice lies in its 

ability to produce more objective and independent measures of specific test items. This model allows the estimation of test item 

parameters and student abilities that are not influenced by sample characteristics, so that measurement results are more consistent 

and generalizable  22. In addition, the Rasch model can detect misfitting items and provide clear information about the overall quality 

of the instrument, which is difficult to achieve by other approaches such as the Classical Test Theory  23–26. Thus, the Rasch model 

approach offers a higher level of accuracy and validity in evaluating measurement instruments. 

Research conducted by Bond & Fox shows that the Rasch model is able to identify invalid test items and provide a more 

accurate estimate of the test taker's ability 15. Research conducted by Boone also states that the use of the Rasch model helps 

instrument developers improve the reliability and validity of measurements through item fit and person fit analysis 27. In addition, 

research in various educational contexts shows that the Rasch model is more effective in detecting Differential Item Functioning 

(DIF) than the classical approach, thus minimizing bias in measuring student ability 24,26. 

This study validates the AME test on the D3 RACE study program  of PNB using the Rasch model approach. The aim is to 

determine the validity, reliability, unidemensional, level of difficulty, and discriminatory power of the test. Through this analysis, 

it is expected to obtain a comprehensive picture of the quality of the test items in the exam as a whole. In addition, the results of this 

study are expected to be input for the development of better and more reliable examination instruments in the context of polytechnic 

education. 

 

RESEARCH METHODS 

This study was conducted on students of the D3 TPTU study program, Department of Mechanical Engineering of PNB, 

academic year 2023/2024. Data were collected during the Even Semester Final Exam. The instrument used was a multiple-choice 

type applied mathematics final semester exam, consisting of 40 items with 5 answer options.  

The test was designed to measure the achievement of applied mathematics learning. The instrument includes three types of 

learning achievement sub-competencies, namely: limit, differential, and integral. The data used were secondary data, namely the 

results of students' answers on the Even Semester Final Exam in Applied Mathematics collected through the documentation method. 

The collected data were analyzed using the modern test theory approach of the Rasch model with the help of Winsteps software. 

The Rasch model can detect misfitting items and provide clear information about the overall quality of the instrument. This model 

allows estimating item parameters and student abilities that are not influenced by sample characteristics, so that measurement results 

are more consistent and generalizable  22,28,29.  
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Test validity and reliability play an important role in validating test items and overall test performance. In the Rasch Model 

approach, assisted by the Winsteps application program, validity is evaluated through several indicators, namely: Fit Statistics, 

Unidimensionality, Differential Item Functioning (DIF), and Point Measure Correlation (Pt. Measure Corr.) 15,18,21,30 

Fit Statistics is used to examine the extent to which participants' responses to test items fit the Rasch model. Its two main 

measures are Infit and Outfit. Infit is sensitive to participants' responses at ability levels that are close to the level of item difficulty. 

It measures the expected mismatch based on the level of item difficulty faced by the participants. Outfit is more sensitive to extreme 

responses such as unexpected answers to very easy or very difficult items. It measures the mismatch in unexpected responses, used 

to detect answers that deviate from the model (anomalies). The criterion for item validity is that the Mean-Square (MNSQ) value is 

in the range between 0.5 and 1.5 is considered a good fit indicator. Values outside this range indicate misfit and the item needs to 

be reviewed. The ZSTD (Z-Standardized) value is the standard version of the fit statistic. Acceptable ZSTD values are in the range 

between -2.0 and +2   18,30,31. Values close to 0 indicate that there is no significant discrepancy. Positive values that are too high 

indicate overfit, the response is too appropriate to the model. While negative values that are too low indicate underfit, the response 

does not match the model. Another measure is Point Measure Correlation (Pt Measure Corr). Pt Measure Corr is the correlation 

value between the score on a particular item and the total score of the participant's ability estimated by the Rasch Model. The goal 

is to ensure that each item contributes positively to the measurement of the construct being measured. Positive values indicate 

consistency of answers with the Rasch model. while low or negative values indicate inappropriate answer patterns. The accepted 

normal standard value is in the range between 0.4 and 0.8 15,18,21,30. 

Instrument validity in the Rasch Model assumes that the test is unidimensional, that is, it only measures one construct or 

attribute 15,31. Unidimensionality in the context of the Rash model is evaluated using Principal Component Analysis (PCA) of 

Residuals. The indicator, the variance explained by the Rasch model is at least 40%, indicating strong unidimensionality. While for 

the variance of the residual (unexplained variance) is a maximum of 15% 15,20,31. Differential Item Functioning (DIF), is used to 

evaluate whether a question item provides an advantage or disadvantage to a particular group. DIF occurs when an item in a test 

functions differently for different groups of participants such as gender, ethnicity, educational background, or other factors, even 

though they have the same abilities. If there is significant DIF, it will affect validity and reduce fairness in measurement. A test is 

said to have bias if the p-value is less than 0.05 20. 

Reliability is related to the consistency of instrument measurement, namely the extent to which the instrument produces stable 

and reliable results. In the Rasch model approach, reliability includes person and item reliability as well as person and item 

separation index 15,31. Person reliability, shows the consistency of participants' ability to answer questions. The higher the person 

reliability value, the more consistent the participants' responses. Item reliability, indicates how consistently the instrument measures 

the level of difficulty of the questions. High values indicate sufficient variation in the level of difficulty between questions. Person 

separation index, shows the extent to which the instrument can separate participants based on their ability level. Item separation 

shows the extent to which the questions are spread based on their level of difficulty. A high separation value indicates a better test 

ability to distinguish participants and questions. The higher the person separation index value, the better the instrument is at 

separating test participants based on their abilities 15,20,21. 

 Further analysis is related to the level of item difficulty, respondent ability level, and discrimination power. Item difficulty is 

one of the main components that determines how difficult or easy an item in a test is for test takers. In the context of the Rash model, 

item difficulty is a numerical estimate expressed in a logit scale, describing how difficult a test item is to be answered correctly by 

participants. The level of item difficulty on the logit scale is mapped variably from negative to positive. A logit value of 0 is 

considered the average level of difficulty  15,21,32. A positive value indicates that the item is more difficult than other items. While a 

negative value indicates that the item is easier, more participants are able to answer it correctly. The level of item difficulty is seen 

in the Item Measure table output, detailing the logit information of each question item. A high logit value indicates a high level of 

question difficulty, the higher the logit value, the higher the level of question difficulty, and vice versa. In addition, Item Measure 

can also inform the standard deviation (SD) value. SD value combined with the average logit value, the level of item difficulty can 

be grouped into: 0.0 + 1SD is a group of difficult questions, greater than 0.00 + 1 SD is a group of very difficult questions, 0.0 logit 

- 1SD is a group of questions categorized as easy, and less than 0.00 - 1 SD is a group of questions categorized as very easy 9,15,21,32. 

The level of individual ability in completing the test is measured through Person Measure analysis. Person Measure details the 

logit information of each individual. A high logit value indicates a high level of ability to solve the problem. This corresponds to 
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the total score column, which states the number of correct answers. Furthermore, the mean and SD values can be used to classify 

respondents based on their abilities. The mean value ± 1 SD is used as the limit for classifying high, medium, or low ability levels 
21,32. The respondent's ability level is classified into: 1) high ability for respondents who have a person measure value higher than 

the mean + 1 SD, 2) medium ability for respondents with a person measure value around the mean, namely between mean - 1 SD 

to mean + 1 SD, and 3) low ability for respondents with a person measure value lower than the mean - 1 SD  9,15,21,32. 

Item discrimination power is the ability of a test item to distinguish test takers with high ability from those with low ability. In 

the rash model, Standard Error (S.E) is one of the tools that can be used to assess whether an item has good or bad discrimination 

power. S.E indicates the level of accuracy of the item difficulty parameter estimate. A lower S.E value indicates a more accurate 

item parameter estimate and is better at distinguishing between good and bad test takers 9,15. An S.E value of about 0.5 to 1 indicates 

that the test has sufficient discrimination power. While an S.E value of more than 1 indicates that the test has poor discrimination 

power. 

The Wright Map graph displays the distribution of participant ability and item difficulty on the same scale. Its benefits are to 

see the distribution of participant ability and item difficulty, and whether there are gaps in the test instrument. In the Wright Map, 

Person and Item are divided into 3 parts, namely person, map, and item. Person shows student ability, map shows student ability 

mapping and item shows the level of question difficulty. The higher the position, the higher the person's ability and the difficulty of 

the question, and vice versa. Validation of the AME test using the Rasch model is seen from various aspects and, the summary is 

presented in Table 1. 

 

Table 1. Summary of Validation of the Mathematics exam test seen from various aspects and criteria of the Rasch model 

Aspect of the 

Item 

Measurement Parameters Criteria 

Fit item test  Outfit Mean Square Value (MNSQ) 

Outfit ZStandard Value (ZSTD) Point 

Measure Correlation Value (Pt Measure 

Corr) 

 

0.5 < MNSQ < 1.5  

-2.0 < ZSTD<2.0  

0.4 < Pt Measure Corr < 0.85  

Reability   

Person reability  

Item reability  

 

           measure < 0.67   :weak 

0.67 ≤ measure < 0.80   :sufficient 

0.80 ≤ measure < 0.90   :good 

0.90 ≤ meansure ≤ 0.94  :very good  

            meansure > 0.94 :excellen 

Overall 

reliability 

Alhpa Cronbach  

 

          measure < 0.5  : very bad  

0.5 ≤ measure ≤ 0.6   : bad 

0.6 ≤ measure ≤ 0.7   : adequate 

0.7 ≤ meansure ≤0.8  : good 

meansure ≤ 0.8          : very good 

Separation  

 

Separation Index (Si) 

 

 0 < Si <1.5    : low. 

1.5 ≤ Si < 2.0 : sufficient 

2.0 ≤ Si ≤ 3.0 : good 

         Si < 3.0  : very Good 

Item suitability 

Item bias 

Dif. Person Functioning (DPF)  The probability value of the question item is 

> 5% or 0.05 

Unidimensional 

item test 

Raw (crude) variance value 

 

The variance explained by the Rasch model 

was at least 40%, indicating strong 

unidimensionality. 

Unknown variance value Maximum reach 15% 

Item difficulty 

 

Item Measure  

 

           Measure logit > 1SD    :very difficult 

0.00 < Measure logit ≤ 1 SD   :difficult 
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Aspect of the 

Item 

Measurement Parameters Criteria 

–1 SD ≤ Measure logit ≤ 0.00 :easy 

         Measure logit < – 1SD :very easy 

Level of quality 

of test 

participants' 

abilities 

Person Measure  

 

          measure < 0.5   :very bad 

0.5 ≤ measure ≤ 0.6   :bad 

0.6 ≤ measure ≤ 0.7   :adequate 

0.7 ≤ meansure ≤0.8  :good 

         meansure ≤ 0.8 :very good 

Different power Standard Error (S.E) S.E < 0.5     good discrimination power 

0.5 ≤ S.E ≤ 1 sufficient discrimination 

power 

S.E > 1 poor discrimination power 

 

RESULTS AND DISCUSSION 

This study validates the AME test of the D3 RACE Study Program, PNB. The aim is to determine the level of validity and reliability 

reviewed from the modern test theory of the Rasch model. The collected data were analyzed using the Rasch model assisted by the 

Winsteps application, the results of the statistical summary are presented in Figure 1 and Table 2. 

 

 
Figure 1. Summary of Statistics 
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Table 2. Summary of Statistics of Validity and Reliability Testing Results of AME Tests in the D3 RACE Study Program, 

PNB. 

Measurement Parameters 
Results 

Person (76) item (40) 

Mean logit 1.44 0.00 

Maximum 4.03 4.47 

Minimum -3.41 -2.42 

Standard Deviation (SD) 1.84 1.31 

Validity   

Item-fit and Person-fit Statistik   

          Outfit MNSQ 1.91     0.96 

          Outfit ZSTD  0.91 -0.04 

Reliability 0.90 0.90 

Separation 2.98 3.09 

Cronbach Alpha Reliability 0.89  

Unidimensionality   

     Raw Variance Explained by Measures 54.2% %. 

     Unexplained Variance None has a value of more than 15%, 

Item-Person Map (Wright Map)  

Distribution of Participant Ability and Item 

Difficulty 

The scale moves from the highest (+4) to the 

lowest (-2) logit. Most participants are around the 

0 to +2 logit. 

Match between Participants and Items The distribution of participants is quite even in the 

logit range of 0 to +3, but there are some areas 

where items or persons are not evenly distributed. 

namely: Logit +3 to +4 and Logit -1 to -2 

There are no items in logit +2 to +3 

Items with Low or High Match: Items with a difficulty level that is much higher 

than the participant's ability are slightly at level +4, 

while items with a low level of difficulty are spread 

across levels -1 to -2. The distribution of item 

difficulty levels shows a gap at logit +1 to +2 

No Differential Item Functioning (DIF) Bias There are no items that have a probability value of 

less than 5% (p < 0.05) 

 

Table 2 shows the mean logit value of the person measure of 1.44 and the item measure value of 0.0 logit, which means that 

the person measure value is higher than the item measure value. The test taker's ability is higher than the level of difficulty of the 

questions. Test takers have the potential to answer all questions correctly. So test takers who have high ability are able to answer 

the most difficult and easiest questions correctly. 

Person reliability of 0.90 is categorized as very good 15,21. In general, students provide very stable answers across all items. 

The ability of students taking the test is very reliable in answering the test. Item reliability of 0.90 is categorized as very good 15,21. 

This applied mathematics exam test is very good at differentiating abilities between test participants. The items have very good 

quality in measuring the targeted competencies. Furthermore, Cronbach's Alpha measures the overall internal consistency of the test 
33. The Cronbach's Alpha value of 0.97 is categorized as excellent 15,21. This AME test is very reliable. The items in it are very well 

related to each other in measuring the same concept in applied mathematics, so that the measurement results can be considered very 

accurate. 
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Person separation of 2.98 is categorized as good and item separation of 3.09 is categorized as very good 15,21. The person 

separation index value of 2.98 indicates that the test has good ability in differentiating respondents based on their abilities. The test 

is able to differentiate students' abilities into about 4 groups. The item separation index value of 3.09 indicates that the items in this 

applied mathematics exam test can be separated into about 4-5 groups of different levels of difficulty 15,21. This value is a good 

value, and proves that this test has a good variation in difficulty levels in measuring the abilities of test participants with various 

levels of ability. Overall, this Applied Mathematics exam test shows very good quality in measuring students' abilities, with a high 

level of consistency both from the participant side and from the item side. 

The Outfit MNSQ person and item outfit values were 1.91 and 0.96 respectively. Both met the fit criteria because they were 

in the range of 0.5 < MNSQ < 1.5. This indicates that the test used in the Final exams is in accordance with the model for measuring 

competencies formulated in the learning outcomes of Applied Mathematics. Furthermore, the Outfit ZSTD person and item values 

were 0.91 and -0.04 respectively, both also met the fit criteria, because they were in the range of -0.2 < ZSTD < 0.2. This condition 

indicates that the data has the potential for rational values according to the expectations of the Rasch model. Therefore, all test items 

are declared suitable for use as test instruments in subsequent testing. 

In the context of the Rasch model, test validity refers to the extent to which a test consistently measures a particular 

construct or competency formulated in learning outcomes 15,21,31. The suitability of the data to the Rasch Model is one aspect used 

to evaluate test validity. The MNSQ outfit value in the range between 0.5 and 0.15; the ZSTD outfit value in the range between -2 

and 2, and the Point Measure Correlation value in the range between 0.4 and 0.85 are the criteria used to measure the level of item 

fit 15,19,34. If these three criteria are not met by an item, then it is certain that the item does not match the expectations of the Rasch 

model and is not good enough so that it needs to be improved or replaced. The test items are said to fit the Rash model if they cover 

either one or both criteria are met 30. The level of suitability of the Applied Mathematics test items can be seen from the results of 

the item fit order analysis in Figure 2 below (the image display is not full). 

 
Figure 2. Misfit Order 

 

In the Test of the suitability of the items of the Applied Mathematics exam test in Figure 1, it shows that items B4 and B5 both 

have an outfit value of MNSQ = 9.90, an outfit value of ZSTD = 9.91, while the Pt Mean Corr value = -0.33 and -0.50. The outfit 

value of MNSQ 9.90 is far outside the range of 0.5 < MNSQ < 1.5, indicating that items B4 and B5 are very less in accordance with 

the Rasch model 15,21,30,31. The outfit value of ZSTD = 9.91 is also far from the reasonable range of -0.2 < ZSTD < 0.2, indicating a 
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very insignificant deviation. Furthermore, Pt Mean Corr = -0.33 and -0.50 are categorized as weak and negative, indicating that the 

relationship between items B4 and B5 with the total test score is very weak and inappropriate. The low Pt Mean Corr value proves 

that these two items do not make a significant contribution to the measured construct. Items B4 and B5 are inconsistent with the 

measured construct, do not match the Rasch model (misfit), both in terms of item suitability and their contribution to measurement 
15,21,30,31. These two items really need major revision, even considered for replacement. 

The same condition also occurs for items B7 and B9, but item B9 has an outfit value of MNSQ = 2.86 which is quite far from 

the normal range accepted, namely 0.5 <MNSQ <1.5  15,21,30,31, although slightly closer than B4 and B5. This condition indicates 

that item B9 is slightly inconsistent with the rash model, but not at an extreme level. While the outfit value of ZSTD = 1.47 is in the 

normal range 15,21, identifying that there is a match in item B9 to the rasch model. Furthermore, Pt. Mean Corr = 0.38, the positive 

correlation is categorized as quite strong. Item B9 has a positive and significant relationship with the total score, and contributes 

sufficiently to the measurement. Item B9 has a positive correlation with the overall ability of participants 35–37 although it is still not 

fully within acceptable limits. Item B9 is quite effective in differentiating participants based on their abilities. Item B9 can be said 

to have conformity with the Rasch model, has a positive contribution in differentiating participant abilities, but is still within 

acceptable limits. Item B9 needs minor revision, especially to achieve more accurate and efficient measurement results. Although 

the Outfit MNSQ is slightly higher than ideal, the ZSTD value is in the normal range, and Pt. Mean Corr shows a fairly strong and 

positive correlation with the overall ability of participants, item B9 can be said to be in accordance with the expectations of the Rash 

model. The values of outfit MNSQ, outfir ZSTD, and PT. Measure Corr. for the other items are within the normal range. So there 

are 37 out of 40 items in accordance with the Rasch model and there are 3 items that are less in accordance with the Rash model, 

namely items B4, B5, and B7. 

Unidimensionality testing aims to ensure that the instrument only measures one dimension that is intended to be measured. A 

summary of the results of the unidimensional test is presented in Table 3. 

Table 3. Summary of the Results of the Unidimensional Test of the Applied Mathematics Examination Test in the D3 RACE Study 

Program, PNB 

 

Table 3. Summary of Unidimensional Test Results 

Raw Variance Eigenvalue Observed Expected Status 

raw variance explained by measure 47.4261 54.2% 51.1% Accepted in good category 

unexplained variance in 1st contrast 3.4475 3.9% 8.6% Accepted in good category 

unexplained variance in 2nd contrast  2.8251 3.2% 7.1% Accepted in good category 

unexplained variance in 3rd contrast  2.4588 2.8% 6.1% Accepted in good category 

unexplained variance in 4th contrast 2.3245 2.7% 5.8% Accepted in good category 

unexplained variance in 5th contrast  2.2301 2.6% 5.6% Accepted in good category 

 

Unidimensional testing of the results of the AME found a Raw Variance Explained by measures value of 54.2% more than 

50%. In the unidimensionality test, the Raw Variance Explained by measures value above 40-50% is categorized as good 38. This 

figure shows that 54.2% of the total variance can be explained by the main factor, namely the applied mathematics competency 

dimension. This value indicates that the applied mathematics exam test that was tested has a good unidimensional structure. This 

means that most of the variance is explained by one dimension of the ability being measured. The variance not explained by the 

main dimension (residuals) shows how much other factors may exist besides the main ability dimension being measured. The 

unexplained variance value for each component is less than 15%, this indicates that there are no significant secondary dimensions 

or suspicious patterns in the data 38. There is no strong evidence of additional dimensions to worry about. The items in the final 

exam in mathematics were proven to measure one construct described in the learning outcomes of applied mathematics, namely 

knowledge of: limits, differentials, and integrals. 

Bias element testing (unidimensionality) also found that no questions had a probability value of less than 5%. All of these 

questions showed no indication of bias or item function differences (DIF) 38. All are consistent with the assumption of 

unidimensionality, the test is not biased towards certain groups in the same measurement. So the AME test that was tested was not 

only valid in content but also fair to all participants. 
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The analysis of item difficulty level refers to the results of the item measure analysis showing an average item value of 0.00 

and SD = 1.31. The average item difficulty level is 0.00 logit, in the context of the Rasch model, this value indicates that overall 

this AME test has a balanced level of difficulty, most items are neither too difficult nor too easy, and are at the midpoint of the logit 

scale 15,38. This indicates that the exam test has a distribution of questions that cover various levels of difficulty well. Furthermore, 

SD is 1.31, then the level of difficulty of the AME test items can be classified into 4 categories, namely: 1) measure logit more than 

1.31 is categorized as very difficult, 2) measure logit in the range between 0.00 and less than or equal to 1.31 is categorized as 

difficult, 3) measure logit in the range between -1.31 and less than or equal to 0.00 is categorized as easy, and 4) measure logit less 

than or equal to -1.31 is categorized as very easy. So that the distribution of the level of difficulty of the AME test items, namely: 3 

items or 7.5% are in the very difficult category, 12 or 30% of items are in the difficult category, 23 or 57.5% of items are categorized 

as easy, and 2 or 5% of items are in the very easy category. Overall, the distribution of the level of difficulty of the AME test items 

tends to be easy, but still contains some very difficult, difficult and very easy items that can help in measuring higher or lower 

abilities. 

In order to improve the test's ability to differentiate participants with higher abilities, test developers need to consider increasing 

the proportion of items in the difficult category. In addition, it is also necessary to add some items with a very easy level of difficulty 

to ensure that the range of difficulty levels is more complete and accommodates participants with lower abilities. Increasing the 

proportion of balanced items needs to be done. Items should represent a spectrum of difficulty that reflects variations in the abilities 

of test participants so that the results can be more valid, reliable, and informative. The ideal percentage of difficulty categories is: 

15-25% easy, 40-50% moderate, 20-30% difficult, and 5-10% very difficult 16–18. This proportion is to ensure that each participant 

has the opportunity to work on questions at a level of difficulty that suits their abilities. In turn, the test will be expected to be able 

to measure the range of test participants' abilities fairly and balanced. 

The results of Person Measure show the mean and SD values of 1.35 and 1.98 respectively. The average respondent's ability 

is at 2.19 logit categorized as moderate, higher than the average question difficulty (0.00) logit. The average respondent's ability is 

above the average question difficulty, indicating that overall, students have quite good abilities, above the average question difficulty 
15,38. The SD of the respondent's ability is 1.98, so that the test participants' abilities can be classified into three groups: high, 

moderate, and low. namely: 1) measure logit more than 3.33 is categorized as high, 2) measure logit in the range between -0.63 and 

less than or equal to 3.33 is categorized as moderate, 3) and measure logit in the range between -0.89 and less than or equal to -0.63 

is categorized as low. There are 10.9% of test takers categorized as high ability, 72.6% as medium ability, 15.1% as low ability, and 

1.4% as outliers. Information about this distribution can be a positive input for lecturers in charge of the course in an effort to 

improve the effectiveness of learning, the need for more varied and innovative learning strategies, so that the gap in ability 

differences between students can be minimized 15,39,40. Overall, the majority of test takers have medium to high abilities, but there 

are also a small number that need more attention to improve their abilities. 

Wright’s map shows several important findings regarding the match between item difficulty and participant ability. Items with 

high logits (greater than +4 logits), such as B4 and B5, are too difficult for most participants, and only a few participants are able to 

answer them. In contrast, items with low logits (less than -2 logits), such as B39 and B16, tend to be too easy and therefore do not 

provide enough diagnostic information to distinguish between low and medium ability participants. The distribution of participants 

appears fairly even across the 0 to +3 logit range, but there are significant gaps in the distribution of participants and items across 

certain ranges. 

In the logit range +3 to +4, there are no participants with high ability, while there are several items, such as B4 and B5, which 

are in that range. This indicates that above-average participants are not well measured by this test. Conversely, in the logit range -1 

to - 2, there are very few participants with low ability, so items that are too easy are less relevant to the population being tested. In 

addition, the distribution of item difficulty levels shows a gap in the logit +2 to +3, where no items are available, even though many 

participants are in this ability range. This indicates that participants at this level are not optimally measured. The absence of items 

in this range is a critical problem because the test is unable to accurately distinguish participants with moderate to high ability. It is 

necessary to add items in the logit +2 to +3 to cover the abilities of participants at the moderate to high level. In addition, evaluation 

is needed for items in the logit +3 to +4 to ensure their relevance and effectiveness, because only a few participants can answer 

items in this range. With these improvements, it is hoped that the distribution of items will be more even and the test can provide a 

more accurate measurement of the entire range of participant abilities. 
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This AME test needs to be improved by adding more items that are around the +1 to +3 logit to accommodate medium to high 

ability participants. Also, more items above the +3 logit can be added to challenge more talented participants. With a more even 

distribution of items, the test will be more effective in measuring the abilities of all participants, without anyone feeling too difficult 

or too easy. This AME test is generally suitable for D3 RACE Study Program PNB students 

The results of the S.E examination on the fit statistics show that there are 39 items with S.E values below 0.5, meaning that 

the 39 items have good discrimination power. A low S.E value below 0.5 indicates that the item parameter estimation is quite 

accurate, and these items are able to differentiate the abilities of test participants well 15,41. There are two items, namely items B3 

and B40, which have S.E values in the range between 0.5 and 1, meaning that these two items are still considered quite good, 

although their discrimination power is not as good as items with S.E below 0.5. The S.E value in this range indicates that the item 

parameter estimation is less accurate, but still acceptable, B3 and B40 can still differentiate the abilities of test participants, but with 

a lower level of accuracy 15. The test has a relatively good level of accuracy. Overall, the final exam in applied mathematics has 

good discriminatory power, although there are several items, namely B3 and B40, that need further attention. 

Based on the results of the analysis above, this applied mathematics exam test is proven to be able to measure one construct 

that is in accordance with the Applied Mathematics Learning Achievement. There is one question item that shows a significant DIF 

problem, while the other items do not show any significant DIF indications. The data obtained have met the expectations of the 

Rasch model, although some questions need to be reviewed. This test has a fairly good level of validity, reliability for both person 

and item is in the very good category, a good separation index, a balanced level of item difficulty (0.0 logit), and a good level of 

discrimination power. This proves that the test can differentiate participants based on their ability levels, and the questions have 

been formulated well. Overall, the AME test is proven to be valid and reliable as a test to measure the achievement of applied 

mathematics learning in the D3 RACE Study Program, PNB. Practically, these results show that the test has fairly good and very 

good validity and reliability, although it is necessary to review several items with extreme MNSQ outfit values to ensure there is no 

bias. The resulting data provides a strong basis for interpreting the results of ability measurements. Participants with high MNSQ 

outfit scores need to be analyzed further. Theoretically, these findings strengthen the theory and principles of the Rasch model, that 

measurement and evaluation in education can be carried out more efficiently and effectively with an adaptive approach 42. So these 

findings have a strong theoretical basis in the context of educational measurement, and can be used as an empirical example of the 

application of Rasch theory to produce more valid, reliable, and informative measurements. 

 

CONCLUSION 

        The AME test has an adequate level of validity, most of the questions meet the fit criteria for the Rasch Model. The level of 

test reliability is categorized as very good with a person and item reliability value of 0.90 categorized as good. Several questions 

show misfits that require improvement. Item difficulty and person ability show a proportional distribution between the level of 

question difficulty and student ability. Overall, the test's discrimination power is categorized as good, although there is one question 

that needs to be reviewed further for improvement. The implication is that the application of the Rasch Model in validating exam 

tests can help lecturers construct tests that are more valid, reliable, and in accordance with the level of student ability. The results 

of this study have a strong theoretical basis in the context of educational measurement, and can be used as an empirical example of 

the application of the Rasch model theory to produce more valid, reliable, and informative measurements. It can be recommended 

to test developers, for the development of exam tests in the future, it is very necessary to pay attention to the balance between the 

level of question difficulty and student ability, and to ensure that measurements are more valid and reliable in the context of higher 

education, especially polytechnics. 
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