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ARTICLE INFO ABSTRACT 

The purpose of this study was to describe the quality of cognitive instruments to 
measure students' ability in mathematics at the elementary school level. 
Quantitative type research to validate the mathematical test instrument on 
fractional arithmetic operations material which has 22 items. The purposive 
sampling technique was obtained by respondents totaling 65 students from 3 
elementary schools in Yogyakarta, Indonesia. The Rasch Model analysis reveals 
that item validity corresponds to the MNSQ outfit (0.59 to 1.57), ZSTD outfit (-
1.04 to 1.65), and Pt Measure Corr. (0.50 to 0.70) are met. The reliability of the 
instrument was fulfilled based on the aspects of person reliability (0.83; 2.23), 
item reliability (0.82; 2.15), and CA (0.93). There are two questions with high 
difficulty Q7 (δ = 1.42) and Q12 (δ = 1.09), 17 questions in the medium category, 
two questions in the easy category, namely Q22 (δ = -1.20) and Q8 (δ = -1.72), and 
one question very easy category, namely Q12 (δ = -2.14). The DIF analysis showed 
that all items did not contain a gender bias (ρ = 0.057-1.00), so there was no 
difference in the level of difficulty between men and women working on cognitive 
test questions. Cognitive test instruments are prepared according to national 
competency standards for grade five elementary school material levels that can be 
used as good quality question banks. 
 
Keywords: Cognitive Test; Test Instruments; Mathematics Ability; Elementary 
School; Rasch Analysis 

 
Introduction 

 

Learning mathematics is very important for students' cognitive abilities (Ding et al., 2021; Layne et al., 2021). 
The purpose of understanding in this cognitive area is processing, structuring, and using knowledge. 
Meanwhile, according to Anderson et al. (2020) cognitive is an ability that prioritizes brain-based skills and is 
needed to perform any task ranging from simple to complex. Cognitive skills are brain-based skills and are used 
to complete any task in stages (Shen et al., 2019; Stelzer et al., 2021; Trinidad, 2020). Cognitive skills refer to 
the mental processes involved in acquiring, retaining, and using information. Among them are perception, 
attention, memory, problem solving, reasoning, decision making, and mental processes needed to solve 
problems in everyday life. Cognitive skills are important because they diagnose students' learning difficulties, 
improve learning outcomes, measure student progress and development and evaluate brain function or 
performance. Overall, cognitive skills assessment provides valuable information in improving educational and 
career outcomes and managing learning difficulties. 
With regard to academic qualifications and teacher competency standards, conducting assessments of learning 
outcomes is one of the core competencies that must be met (Kholifah et al., 2023; Klaar & Wank, 2022). A 
teacher must be able to carry out evaluations to find out whether the material provided can be understood by 
students (Calderon & Sood, 2020; Nurtanto, Sudira, Sofyan, Kholifah, et al., 2022). Valid and objective 
assessments can be obtained by using tests that contain questions or questions that can reflect the ability being 
measured (Charalambous et al., 2019; Klaar & Wank, 2022). A test used in assessment must be of good quality 
and be able to measure students' actual abilities (Barber et al., 2022; Lyons et al., 2021; Stolt et al., 2022). 
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In the fifth-grade mathematics subject, there are indicator competencies that must be achieved, namely solving 
problems related to fractional arithmetic operations material. Based on the results of the interviews and sample 
questions given by the mathematics teacher at several elementary schools in Yogyakarta, Indonesia, the 
questions used for the end of semester assessment were questions made by the teacher himself in accordance 
with the material that had been taught. Each teacher has its own criteria for making daily test questions, 
according to the indicators and learning objectives set out in the learning program plan (Wei & Cheng, 2022). 
After conducting a reasoning ability test for fractional arithmetic operations in fifth grade elementary school 
students, the answer results were measured using the Assessment Reference Criteria (ARC) and it was known 
that around 75% of students were included in the category of very poor reasoning ability, only 25% of students 
were included in the ability category. less reasoning. This is because students are not used to solving questions 
that are designed to use reasoning abilities in answering them. Reasoning ability has a significantly positive 
effect on learning mathematics, the higher the reasoning ability the better the student in completing the math 
test (Ding et al., 2021; Layne et al., 2021; Stelzer et al., 2021). 
Educational assessment standards state that the principles underlying the assessment of learning outcomes are 
valid, comprehensive, fair, integrated, open, objective, and sustainable, economical, accountable, and educative 
(Ajjawi et al., 2021; Alonzo, 2018; Cogan et al., 2019; Ormond, 2019). Until now, many learning outcomes 
instruments have not met the requirements as good tests (Alonzo, 2018; Cogan et al., 2019). One of the things 
that might be the cause is the teacher's ability to make tests that are still low so that measurements become 
(Bassi et al., 2022; McCarron et al., 2021; Ozkale & Ozdemir Erdogan, 2022). 
The results of the analysis of the end-of-semester test items for the 2022 class increase on the material for 
fraction arithmetic operations carried out by teachers in Yogyakarta Regency, Indonesia, obtained a reliability 
value of 0.67; questions that were completely answered by students were 25.40%, the number of students who 
did not complete was 81.70%; the percentage of absorption power is 50.10%, questions that have good quality 
distractors are 26.25%; questions that have good discriminating power as much as 26.88%; The difficulty level 
of the questions is 14.50% very easy, 7.50% easy, 33.50% moderate, 20.75% difficult and 23.75% very difficult. 
Analysis of the items through the correct proportion and biserial point coefficients obtained the results of 27% 
of the questions that were accepted, 43% of the questions that had to be revised and 30% of the questions that 
were rejected. Factors causing the low ability of students in fraction arithmetic operations are a lack of basic 
understanding, lack of practice, low motivation, ineffective learning approaches and external factors influenced 
by the teacher in compiling questions. The impact that arises from the preparation of good and correct 
questions is that students have difficulty understanding the material, errors occur in assessment, low 
motivation and self-confidence, and lack of skills. 
Early indications are oriented toward the instrument that has been used. Based on the results of the item 
analysis, shows that the test instruments used so far have not been standardized. The analysis carried out by 
the teacher still does not show independence and is not biased from the questions that have been tested. 
Therefore, a standardized cognitive test instrument is needed that can be produced through the test 
development stages (Brandstetter et al., 2017; Loda et al., 2022). The educational assessment standards state 
that the assessment instruments used must meet the validity and produce scores that can be compared between 
schools, between regions (Ajjawi et al., 2021; Ormond, 2019). Standard assessment instruments must be valid, 
reliable and free from bias (Bassi et al., 2022; Leung et al., 2022; Omara et al., 2021). 
Research conducted by Ding et al. (2021) states that the development of cognitive assessment instruments is 
very important to test for feasibility. Layne et al. (2021) explains that developing a test instrument by following 
systematic steps can provide optimal results. The application of the Rasch model in developing test items can 
be a tool that performs very well in evaluation and selection of good questions so that the results are good and 
valid (Jiraniramai et al., 2021; Stolt et al., 2022; Suryadi et al., 2021; Wallace, 2020). Through the development 
of tests and analysis of the items used, the questions that have been developed can really measure and find out 
how far students' abilities (Hu et al., 2022; Shi et al., 2019). 
The purpose of this study was to describe the quality of cognitive instruments to measure students' abilities in 
mathematics on fractional arithmetic operations. The cognitive level of the test includes the dimensions of 
factual knowledge, conceptual knowledge and procedural according to the revised Bloom's cognitive level. The 
quality of the instrument consists of aspects of validity, reliability, level of difficulty, distractor analysis, 
individual ability analysis, and the level of item bias. The result of this study was the development of cognitive 
test instruments for mathematics subject on fractional arithmetic operations in the form of multiple-choice 
questions consisting of 4 answer choices. Cognitive test instruments are prepared according to national 
competency standards for grade five elementary school material levels that can be used as good quality question 
banks. 
 

Research Methods 
 

This research is descriptive quantitative research that aims to validate the measurement of mathematical test 
instruments on fractional arithmetic operations using the Rasch model. The data collection method used in 
this study was to use the method of documenting math test scores for fifth grade elementary school students. 
The sampling technique uses purposive sampling based on the school area, namely schools located in urban 
areas. The research subjects were fifth grade students at the elementary school level in Yogyakarta (N=65 
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students). This research was conducted in grade 3 elementary schools in Yogyakarta Indonesia, namely SDN 1 
Yogyakarta, SDN 1 Sleman, and SDN 3 Sleman. 
The test instrument developed in this study was multiple choice questions consisting of 4 answer choices 
according to the syllabus for fifth grade elementary school mathematics, especially on fractional arithmetic 
operations. There are 22 multiple choice questions in the subject of Mathematics on fractional arithmetic 
operations. The questions consist of easy, medium, and difficult difficulty levels. The correct answer is given a 
score of 1, and the wrong answer is given a score of 0. Therefore, the data obtained is dichotomous. The data 
collection techniques used in this study were (1) test techniques, carried out on students using standard 
cognitive test instrument question sheets, and (2) non-test techniques carried out on students and teachers 
using questionnaires and interviews. 
The instrument used to collect assessment data is a question validation instrument and a developed cognitive 
instrument. The data analysis used in this study is Rasch Modeling with item response theory (Jiraniramai et 
al., 2021; Omara et al., 2021; Repo et al., 2019). Quantitative data analysis used the results of the Ministep 
program analysis to test the Rasch Item Response Theory (IRT) Model (Quansah, 2022; Stolt et al., 2022) on 
the material test material for fractional arithmetic operations. Table 1 shows the lattice instruments for 
measuring cognitive mathematical abilities for fifth grade elementary school students on fractional operations. 
 

Table 1. Instruments for Measuring Cognitive Math Skills for Fifth Grade Students 
Basic Competencies Aspects Subject Indicator Item 
Solve problems related to exponents 
(squares of two and three) and taking 
roots (square roots) of whole numbers 

Demonstrate an example 
of a square number 

Numbers raised 
to the power of 
two 

Recognize square 
numbers 

1,2 

Look for the properties 
of square numbers 

3,4 

Define forms and 
examples of square 
numbers 

5,6,7,8 

Find the result of taking 
the square root of a 
square number 

Determining a 
number to the 
power of two 
takes the square 
root 

Perform addition and 
subtraction operations 
on square numbers with 
groups 

9,10,11,
12 

Look for the results of 
drawing square roots 

13,14,15
,16 

Shows forms and 
examples of cube 
numbers 

Cube number Find cubes of numbers 17,18,19 

Find the cube root of a 
number 

20,21,2
2 

 
The test is carried out on 4 things, namely: First, whether an item is valid or not depends on the MNSQ value, 
ZTSD value, and the resulting measurement correlation value. A good MNSQ outfit value for measurement: 
0.5< MNSQ <1.5. A good ZSTD outfit value for measurement: -2.0< ZSTD < +2.0. Expected measurement 
correlation value: 0.4< Pt Measure Corr. <0.85, (Bassi et al., 2022; Geramipour, 2021; McCarron et al., 2021; 
Omara et al., 2021). Second, testing the reliability of the instrument using summary statistics (Bassi et al., 
2022; Ha, 2021; Leung et al., 2022; Wallace, 2020; Zoechling et al., 2022). Third, testing of instrument items 
that are difficult and easy to approve respondents used the item measure and the item: dimensionality (Leung 
et al., 2022; Quansah, 2022; Robershaw et al., 2022; Zoechling et al., 2022). Fourth, testing perceptions or bias 
based on the demographics of respondents using the Differential Item Functional (DIF) plot (Adams et al., 
2022). The criterion for a significant difference in perception uses table 30.4 in the Winsteps software with the 
criterion that the difference in perception is said to be significant if the probability value shows less than 0.05 
(p <0.05) (Jiraniramai et al., 2021; Ning, 2018; Peabody & Wind, 2019). The difficulty level of the questions 
using Rasch modeling was analyzed using the logit numbers contained in the problem measurement column. 
Based on the results (output) of the analysis of the Rasch model with the Ministep program, information on 
the estimated difficulty level values of the test items is obtained which is then categorized according to the 
range of values with a logits scale categorization. Items with item difficulty level values on the logits scale δ<-
2.00 are categorized as very easy, items with -2.00≤δ≤-1.00 are categorized as easy, items with -1.00≤δ≤+1.00 
are categorized moderate, items with +1.00≤δ≤+2.00 are categorized as difficult and -≥+2.00 are categorized 
as very difficult (Mokshein et al., 2019; Pellicciari et al., 2019; Stolt et al., 2022; Suryadi et al., 2021). The 
differential power of the questions using the Rasch modeling can be analyzed using the Wright map by 
comparing the distribution of students' abilities and the difficulty of the items as well as the item logit and 
individual logit values contained in. The expected criterion is that the item logit value is greater than the lowest 
individual logit value and smaller than the highest individual logit value or is in the good discriminating power 
category. 
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Result 
 

a) Instrument Validity and Reliability (Summary Statistics) 
Testing the validity of the construct using dimensionality items in Ministep. The criterion for having the ability 
to measure a range of variables or measuring all respondents is if the Raw Variance Explained by measures is 
above 40%. The results of the construct validity test are shown in Table 2. 
 

Table 2. Dimensionality Map: Cognitive Test Instruments of Mathematical Ability (Eigenvalue Units)

 
 
Table 3 found that the value possessed by the Raw Variance Explained by measures was 38.20% of the raw 
variance explained by measures which exceeded the expected 37.40%. However, 38.20% of the variance of the 
data based on the dimensions of the Rasch measurement model is considered weak according to the rating 
scale instrument quality criteria by (Mokshein et al., 2019). According to (Shin et al., 2020; Stolt et al., 2022; 
Suryani et al., 2021) the minimum requirement of 20% instrument uniformity has been achieved, but the 
minimum requirement of 40% of the Rasch measurement model has not been met. 
The raw variance explained by people at 23.0% indicates that there is more variation in people's abilities 
compared to 15.20% of the difficulty level of the items. This is due to the smaller standard deviation for people 
(6.70) compared to the standard deviation for items (7.0). The variance that cannot be explained by the first 
contrast is 5%, with an eigenvalue of 5.0781 (<3.0), indicating the presence of a second dimension and the test 
is dimensionality (Ning, 2018; Pellicciari et al., 2019). Based on this, the cognitive test instrument for 
measuring mathematical ability in fractional arithmetic operations for fifth grade elementary school students 
has construct validity or is able to measure a range of variables or measure all respondents. The results of the 
reliability test are shown in Table 3. 
 

Table 3. Item and Person Reliability 

 
 
Instrument reliability with Rasch modeling was analyzed using individual separation values and item 
separation as well as Cronbach's Alpha values displayed in the output of the Rasch Model program. The 
expected criteria for individual and item separation values are at least 0.70 and Cronbach's Alpha is at least 
0.70 or in the sufficient category (Bassi et al., 2022; Leung et al., 2022; Wallace, 2020; Zoechling et al., 2022). 
The result of person reliability is 0.83, item reliability is 0.82, and CA is 0.93. All three aspects have been 
fulfilled so that it can be concluded that the reliability level of the instrument for measuring the cognitive 
abilities of fifth grade students in the material of fractional arithmetic operations can be trusted and relied 
upon. 
 
b) Item Measure and Fit Statistic (Item Validity) 
The output fit order items in the Rasch model analysis are shown in Table 4. The first aspect there are 2 items, 
namely Q6 and Q7 with an Outfit MNSQ value of 1.57, while what is accepted is 0.5 < MNSQ < 1.5. The second 
aspect of the Outfit ZSTD value for all items is accepted with a value of -2.0 < ZSTD < +2.0. The third aspect is 
the value of Pt Mean Corr. ranging from 0.4 < Pt Measure Corr. < 0.85. Even though the MNSQ values in Q6 
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and Q7 were not met, but the ZSTD and Pt Measure Corr values were met, then the 22 items were considered 
fit and could be maintained. (Bassi et al., 2022; Geramipour, 2021) classifies the Pt Mean Corr. value as very 
good (>0.40), then the 22 items of the instrument were able to discriminate against the items to measure 
mathematical ability in fractional arithmetic operations material for fifth grade elementary school. 
 

Table 4. Item (Column) Test Results: Fit Order 

 
 
 
c) Local Independence 
The results of the validity test by looking at the results of the rating test (partial  credit) scale in Table 4 found 
that each rating (0 and 1) has a separate peak; or it means that the probability of each rating is clearly different 
from the respondents (Chong et al., 2022; Suryadi et al., 2021). Based on Figure 1, it can be concluded that the 
test instrument measuring mathematical ability in fractional arithmetic operations material can be 
distinguished by the respondent's rating. 
 

 
Figure 1. Rating Test Results (Partial-Credit) Scale 

 
d) The Wright Map: Rating Scale Diagnostics 
The output results on the measure are related to the wright map in Figure 2. The difficulty level of the items is 
sorted from high to low, from difficult to easy. Item Q7 is a very difficult item to be answered by fifth grade 
students on fractional arithmetic operations. It was proven from the number of respondents who answered 
correctly, there were 28 students and the easiest question, namely number Q12, could be answered by 55 
students. The same logit value for each item showed that the level of difficulty of the item was not much 
different, as in item numbers Q19 and Q21, Q5 and Q6, in addition to Q4 and Q7. Items with item difficulty 
level values on the logits scale δ<-2.00 are categorized as very easy, namely Q12, items with -2.00≤δ≤-1.00 are 
categorized as easy Q22 and Q8, items with -1.00≤δ≤ +1.00 is categorized as moderate, namely 17 questions, 
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items with +1.00≤δ≤+2.00 are categorized as difficult, namely Q7 and Q20 and -≥+2.00 no questions are 
categorized as very difficult. 
 

 
 

 
Figure 2. Variable Map Test Results 

 
The most difficult item is item number 7 (Q7) which is at the very top. Meanwhile, item Q12 is the easiest for 
students to answer according to their abilities. Theoretically, with this question, there will be subjects who have 
the opportunity to answer the question correctly because they have a higher ability than the difficulty level of 
the question. The results of the item difficulty level analysis are shown in Table 4. 
 
e) Person Ability Analysis 
The meters are used as well as to determine the accuracy of items, namely the mean-square outfit, outfit-zstd 
and point measure correlation (Leung et al., 2022; Quansah, 2022; Robershaw et al., 2022; Zoechling et al., 
2022). Values that are outside the limits of statistical precision indicate response patterns that need to be 
known further. In the winstep program, this information table can be displayed using the person first order 
function (Table 5) which sorts those that do not fit to the top. Table 5 shows that the 29M test participants (at 
the top) have a very disproportionate response pattern compared to the others, as well as for 02M and 63M. 
 

 
 

The easiest 

items 

Easy items 

Difficult 

items 

The most 

difficult 
High ability pupils 

Low ability pupils 



Iva Sarifah/ Kuey, 30(4), 1557 772 

 

Table 5. Function of Person First Order 

 
 

  
Figure 3. Individual Ability Analysis (Guttman Scalogram) 

 
Information on unusual response patterns from the Pearson measure can be seen in more detail by looking at 
the scalogram (Figure 3). Through the Gutman matrix, it can be directly identified the cause why the response 
pattern does not match the model (Pellicciari et al., 2019). Another advantage of the scalogram is that it can 
detect cheating, namely students cheating and lucky guessing. The initial indication is to see if the same person 
value is found. 
 
f) The Differential Item Functioning (DIF) Analysis 
The test results use the Differential Item Functional (DIF) on the probability value of Table 6, where the 
difference in perception is stated to be significant if the p value <0.05 (Jiraniramai et al., 2021; Ning, 2018; 
Peabody & Wind, 2019), then as shown in Table 5 that between male and female students did not have a 
significant difference in perception on all 22 items. All probability values obtain a value of ρ => 0.05 (ρ ranges 
from 0.0577 to 1.000). This means that the 22 items are not perceived differently and there are no items that 
need to be corrected. 
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Table 6. The DF Test Results Based on Gender 

 
 
The graph shows the relative item difficulty level for each group. The higher the graph point, the more difficult 
the item is for that group (Figure 4). There are three curves based on gender, namely M (male), F (female), and 
star (*) indicating the average value. From the graph, it can be roughly seen that the distance between the DIF 
measure values between L and P that is farthest is in items Q21 (ρ = 0.0577) and Q16 (ρ = 0.1340). Meanwhile, 
for other items, the distance between F and M is not too far. Even though Q21 and Q16 are long distance ranges, 
the value of ρ (probability) is more than 0.05. This shows that in all items there is no difference in difficulty 
level between men and women. In this case neither sex has an advantage because the items appear to be more 
difficult for men or women. 
 

 
Figure 4. Graph of Differential Item Functioning (DIF) plot by Gender 

 
g) Distractor Analysis 
Question number Q7 with the highest logit value is 1.42 which indicates that the most difficult questions to 
choose are the most option 0 "zero". This can be interpreted those 37 students (57%) of all students answered 
question Q7 incorrectly, and so on. Based on the ability value, there is no option score value marked with an 
asterisk (*), this indicates that the 22 items on the cognitive test instrument for measuring mathematical ability 
in the material for counting operations have a good level of deception. So that there are no items that experience 
distractor problems that require items to require a repair process (McCarron et al., 2021; Shin et al., 2020). 
The distractor analysis is shown in Table 7. 
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Table 7. Distractor Analysis 

 
 
h) Test Information Function 
From the Figure 5, we can conclude that of the 22 questions that we presented to 65 subjects, the items 
indicated were suitable for knowing the ability level of moderate and below average students. Based on the 
results of the information function test, it can be seen that the mathematical cognitive test to measure the 
reasoning ability of fraction arithmetic operations in fifth grade elementary school students is more suitable 
for end-of-semester or grade-grade assessment tests. In addition, the item information function also shows the 
reliability of measurement (Jiraniramai et al., 2021). This is supported by the results of the analysis of the 
reliability coefficient of the cognitive math test in table 1, which is 0.93 with a measure or logit value = 0, 
indicating that cognitive test tests are suitable for end-of-semester tests, so the measurement information 
obtained is very high. 
 

 
Figure 5. Graph of Measurement Information Functions 
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Discussion 

 

The aim of developing a mathematics learning outcomes instrument for fifth grade elementary school students 
was to determine the level of validity, reliability, item difficulty, deception, and bias analysis in fractional 
arithmetic operations. Based on the results of item difficulty level analysis using the Rasch Model item response 
theory (IRT) method using Ministep software, it was found that the 22 items fit to measure the mathematical 
cognitive abilities of fifth grade students based on fractional arithmetic operations. There are 3 items that are 
included in the difficult category, 16 items in the moderate category, and 3 items in the easy category. This 
shows that the items in this category are mostly used by teachers for test takers. Likewise, research Mokshein 
et al. (2019) the level of difficulty of the test items obtained results, namely the difficult category of 50.0%, the 
medium category of 42.5%, and the easy category of 7.5%. Thus, questions that measure mathematical cognitive 
abilities are good items that are mostly used in measuring students' mathematics learning outcomes  (Anderson 
et al., 2020; Shen et al., 2019; Trinidad, 2020; Yeganeh et al., 2022). 
A good instrument must also have the ability to cover all aspects being measured. The Rasch model is software 
that can be used to evaluate whether an instrument has the ability to measure (construct validity) (Bassi et al., 
2022; Suryadi et al., 2021; Wallace, 2020), because the Rasch model is able to show instrument items that are 
difficult to agree on or carried out by the respondent (Leung et al., 2022; Quansah, 2022) as well as the ability 
of the respondent (Geramipour, 2021; Leung et al., 2022; Robershaw et al., 2022; Zoechling et al., 2022). This 
study found 3 items that were difficult for respondents to agree on, namely determining the shape and example 
of squared numbers (Q7), looking for the results of taking square roots (Q13), and taking triple roots (Q20). 
While the ability of students who can answer the three difficult questions totaled 30 out of 65 students. This 
identifies that the level of student ability is equivalent to the level of difficulty of the item being developed. This 
research is consistent with the results of studies by Bassi et al. (2022); Omara et al. (2021); Robershaw et al. 
(2022), that the development of instruments recommends that questions can be reached evenly where 
questions are difficult to answer by high student competence, and vice versa. 
Based on the results of the analysis of the test results of the students, it was found that out of all 22 items, they 
were included in the valid category (Table 4). Even though 2 items (Q6 and Q7) on the MNSQ Outfit value were 
not met, namely 1.57 (> 1.50), the ZSTD and Pt Measure Corr outfit aspects were fulfilled. These results support 
research by Bassi et al. (2022); Mokshein et al. (2019); Wiyarsi et al. (2019),  that the 2 items can still be 
tolerated because 2 of 3 aspects of validity measurement are met. This indicates that students do not 
understand the instructions because they make mistakes that should not have happened. So that the sentence 
editor is simplified again according to the characteristics of fifth grade elementary school students. 
Approximately 70% of the 30 test takers made mistakes, especially in the forms and examples of square 
numbers. Based on these findings it is evident that the advantages of the Rasch Model in analyzing the validity 
of the instrument can be done from several aspects so that the resulting instrument can be more reliable which 
supports research by Barber et al. (2022); Geramipour (2021). The validity analysis using the Rasch Model can 
be said to be better because of its consistency (Jiraniramai et al., 2021; Stolt et al., 2022). Thus, Rasch modeling 
can help to tackle item measurement in the right way. 
Assessment in the form of tests can be used to hone students' cognitive thinking skills, and have an effect on 
determining students' thinking skills (Brandstetter et al., 2017; Loda et al., 2022; Nurtanto, Sudira, Sofyan, & 
Jatmoko, 2022). Likewise, research by Cogan et al. (2019); Ozkale & Ozdemir Erdogan (2022) related to the 
development of PISA model math questions to find out student arguments, concluded that a prototype of the 
PISA model math problem set was produced to find out student arguments as many as 6 questions in the form 
non-objective description (open construct response). In addition, research by (Cantley, 2019; Teng, 2020) 
recommends a prototype of the PISA model mathematical problem set to determine student arguments 
produced have a potential effect on student arguments. This shows that in measuring student learning 
outcomes, especially in learning mathematics in elementary schools, it is customary to use test questions that 
measure higher-order thinking to hone mathematical problem-solving skills. 
A good instrument must also avoid ambiguous items (Omara et al., 2021; Stolt et al., 2022). Ambiguous 
instruments must be avoided because they will be interpreted differently so the results will be different (Chi et 
al., 2021; Omara et al., 2021; Suryadi et al., 2021), using the Rasch model properly can help to avoid ambiguous 
or incapable instruments well understood by respondents (Chi et al., 2021). In this study, the Rasch model 
showed that of the 22 items, there were no instrument items that were perceived significantly differently by 
male and female respondents (students). So that all items do not identify bias questions that only benefit one 
party. This research supports and is consistent with research (Purwanto et al., 2020) that in developing the 
instrument, items that contain bias should not be found.  
Cognitive is the thinking ability possessed by each individual in doing something or solving a problem 
(Brandstetter et al., 2017; Stelzer et al., 2021). Students' cognitive understanding in learning mathematics in 
fractional arithmetic operations material during online learning is still not very good. Based on the results of 
observations, interviews, and tests on fifth grade students, students' cognitive understanding is still not good 
because students have different levels of understanding. The research results are consistent with research by 
(Lyons et al., 2021) and Shen et al. (2019) that this is one of the reasons for the lack of ability and activity of 
students while studying at home. 
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There are students' cognitive understanding with high, medium, and low cognitive understanding. Students 
who have high cognitive understanding are able to solve questions properly and correctly and these students 
answer and explain the questions posed by researchers. The results of the research also support the statement 
of the results of the studies (Ding et al., 2021; Layne et al., 2021) that students whose cognitive understanding 
is moderate are still not precise in solving problems well, and less precise in answering and explaining questions 
from researchers. While the results of studies by Trinidad (2020); Yeganeh et al. (2022)  support this research 
that students' low cognitive understanding is unable to solve problems properly, and cannot answer and explain 
questions from researchers. 
In addition, the role of parents as facilitators is considered to be unable to guide students during online 
learning. Because during online learning students still do not give maximum results. Research by Pakaja & 
Wafa (2021) confirms that the educational background of parents also influences student learning. On the other 
hand, research by Reilly & Levintova (2021) is in line with the results of interviews. This research identified 
that as a result, material that was not understood by students was not fully able to be explained back by 
students. Learning mathematics is something that is difficult for students to understand. So this research is in 
line with Lyons et al. (2021), recommending that students need more guidance in understanding learning 
mathematics. 
Students' cognitive abilities during online learning are very different from face-to-face learning. Student 
learning outcomes that are different from face-to-face learning are a consideration for the teacher in 
determining student scores. Students who usually have low cognitive abilities when learning online have very 
high scores (Anderson et al., 2020; Yeganeh et al., 2022). In contrast, research by Loda et al. (2022); Wang & 
Stein (2021) is inconsistent confirming that students with high cognitive abilities have mediocre scores during 
online learning which can be compared with this study. Based on the findings obtained, there is a student's 
ability to work on different fraction arithmetic operations. As explained by the researcher, fifth grade students 
have different levels of cognitive understanding during online learning. Students' cognitive abilities during 
online learning are very different when students carry out face-to-face learning. There is a high, medium, and 
low cognitive understanding of students. This is in line with Bloom's Taxonomy theory of the cognitive realm 
from the simple (knowing) to the more complex (evaluating). 
 

Conclusion 
 

Based on the results of the Rasch Model analysis on 22 cognitive instruments to measure math skills in fifth 
grade students, it was revealed that the test instruments were valid, reliable and could measure according to 
the capacities of elementary school students. This is indicated by the item reliability of 0.82, and the separation 
of 2.15. Meanwhile, person reliability was 0.83, and separation was 2.23. There are two questions that have a 
difficult category number Q7 and Q20, 17 questions with a moderate level of difficulty, while easy questions are 
Q22 and Q8, questions with the easiest difficulty are Q12. DIF analysis shows that all items do not contain 
gender bias, so there is no difference in the level of difficulty between men and women in working on cognitive 
test questions. So that the test instrument can be generalized to measure students' mathematical abilities in 
fifth grade elementary schools. Cognitive test instruments are prepared according to national competency 
standards for grade five elementary school material levels that can be used as good quality question banks. 
This research is inseparable from the ability of elementary school teachers to teach mathematics interestingly. 
The activities carried out by the teacher include learning using visuals, interactively by involving various 
activities in learning, using fun materials, helping students create basic concepts, helping students make 
connections between mathematics and everyday life, and providing guidance and support to the student. In 
addition, teachers can use various methods to improve students' cognitive abilities including problem-solving, 
group discussions, practical activities, brain training methods, use of technology, learning through experience, 
and focusing on skills. The level of cognitive skills taught by the teacher takes into account the levels suggested 
by Bloom's Theory, namely understanding, application, synthesis, evaluation, and creation. We recommend 
skill-based cognitive and affective learning with several stages, namely (a) observing students in applying new 
concepts and skills to real situations; (b) skills tests to measure understanding and ability to apply new concepts 
and skills; (c) a survey to find out students' feelings and the understanding gained; (d) discuss with students to 
improve skills in the future; and (e) analysis of data to determine how effective what has been improved is and 
how to proceed. 
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