Proceeding Konferensi Nasional Matematika (KNM) XXII

Universitas Bengkulu, 15-16 Juli 2024

Dipublikasikan online pada:

PATTIMURA PROCEEDING: Conference of Science and Technology
e-ISSN: 2829-3770, volume 5 issue 1, pp.11-20, Edisi November 2024

Validity and Reliability of Mathematical Reasoning Ability
Instruments in High Schools with Winsteps

Keysha Alifia Syahwa', Satria Kamal Gustia%, Ayu Faradillah®", Syafika Ulfah*

1234 Faculty of Teacher Training and Education, Universitas Muhammadiyah Prof. DR. HAMKA
Jalan Tanah Merdeka No. 20, RT. 11/RW.2, Rambutan, Ciracas Sub-district, East Jakarta City,
Special Capital Region of Jakarta 13830, Indonesia

Corresponding author s e-mail: * ayufaradillah@uhamka.ac.id

ABSTRACT
Keywords: The mathematical reasoning ability in understanding mathematical material in high school
Validity; students still has not touched perfect scores. A valid and reliable instrument is needed in
Reliability; measuring mathematical reasoning skills in students. Validity and reliability testing of the
Mathematical Reasoning  instrument is carried out to ensure whether an instrument can be used to provide accurate
Ability; results in a measurement being performed. Therefore, this study aims to determine the level of
Winsteps validity and reliability of mathematical reasoning skills in students using Winsteps. The method

used in this study is a quantitative survey method, with 252 respondents in high schools in
Jakarta. This study uses 3 indicators that are a reference in measuring the mathematical
reasoning ability possessed by students. The validity test on the instrument shows that all items
on the instrument are valid because they meet the criteria of MNSQ, ZSTD, and Pt Mean Corr
except for item 1 which has a ZSTD value of > 2.0 and item 3 has a ZSTD value of < -2.0.
Meanwhile, the reliability test obtained an Alpha Cronbach calculation of 0.74 which means
that the value of the reliability item is high so that the instrument is declared reliable for use.
The DIF analysis using winsteps shows that all question items used in the instrument are valid
because none of the question items contain bias referring to the DIF Analysis criteria, namely
the DIF Contrast value > 0.5 and the probability value < 0.05 where all the value of the
question items actually obtained a DIF Contrast value of < 0.5 and a probability value > 0.05.
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1. INTRODUCTION

Reasoning ability is the ability to think at a higher level to draw the right conclusion based on several
existing rules and evidence [1][2]. Mathematical reasoning skills are one of the parts of mathematical
thinking skills that students need to understand mathematical materials and solve problems faced in daily
life [3][4]. Therefore, learners must have the reasoning ability to understand concepts before solving math
problems [5]. The importance of mathematical reasoning skills is in line with the vision of mathematics
which is directed to provide opportunities for the development of reasoning skills, awareness of the
usefulness of mathematics, fostering confidence, an objective and open attitude, as well as the ability to
effectively overcome mathematical problems, building logical, analytical, and critical thinking patterns that
support decisions in daily life, which is overall a crucial thing to achieve success in Learning process and
preparation for future challenges [6][7][8][9]. Seeing the importance of mathematical reasoning skills, in
fact education in Indonesia is currently not in line with the development of education and the development
of students' abilities which causes a lack of emphasis on the development of these skills in students,
resulting in difficulties in finding patterns, relationships, and properties in understanding mathematical
materials and in facing various problems in daily life [7][8][9][10]. In addition, the problem with students'
mathematical reasoning ability is the weak mathematical reasoning ability in students, which is shown from
several survey reports that state that the average score of students' mathematical ability in Indonesia is still
low, even the mathematical achievement of students in Indonesia is ranked 44th out of 49 countries
[10][11]. This is also shown by the results that only about 20% of students are able to solve reasoning
problems and other students are only able to solve problems at a low level of comprehension ability, which
means that the score obtained is only 49% of the ideal score of 100 [12].

In this regard, to find out the level of mathematical reasoning ability, an instrument is needed. Test
instruments that are commonly used in schools are important tools in research because they serve as a
means to collect, check, and investigate data so as to ensure the correctness of research results and be able
to measure students' abilities appropriately [13][14]. An instrument is said to be good if it has high validity
and reliability, is reliable, is able to accurately measure what should be measured, and provides accurate
information related to the ability of students to test their abilities [13][14][15]. Validity means the validity
or truth which is defined as the level of accuracy and precision of the measuring tool in carrying out its
measurement tasks so that it can measure the reliability and variables to be measured [16][17][18].After
knowing the valid question items, a reliability test will be carried out to determine the accuracy of the
guestions [19][20]. Reliability means a trusted or test resistant that concerns the consistency of a measuring
instrument so that it can measure the same variable over and over again on different subjects and at different
times [13][16][18].

Testing the validity and reliability of an instrument in research is important to ensure that the
instrument can be understood properly, measure exactly what should be measured, how well the instrument
is used, and have a high level of confidence, so that the research results obtained are accurate and reliable
[13][15][21][22][23]. By conducting validity and reliability tests, researchers can ensure that the
instruments used are reliable and provide accurate results in the measurements taken.

In conducting validity and reliability tests, tools in the form of software are needed, one of which
can be used is Winsteps software. Winsteps is a Windows-based software designed specifically for the
computing of Rasch models used in educational evaluations, attitude surveys, and scale analysis, including
test score analysis to Measure Outfit Mean Square (MNSQ), Outfit Z-Standard (ZSTD), Point Measure
Correlation (Pt Mean Corr), Item Reliability, and Alpha Cronbach [13][14][24]. This software helps in
processing data to obtain relevant information, researchers can also identify invalid items in the
questionnaire and obtain in depth information about the quality of the instruments used, as well as can
analyze the question items, so that it can help in evaluating the validity, reliability, and difficulty level of
the test instrument [25]. Winsteps' advantage is its ability to perform Rasch Model analysis, which is a
statistical method used to measure the psychometric characteristics of measurement instruments, such as
validity and reliability [21]. The Rasch model is considered to be able to predict lost data and generate
standard error measurement values for the instruments used. This can improve the accuracy of calculations
[26].

In recent years, there have been several studies that are relevant to this study. The first research is a
study conducted by Silvia, Zulfah, and Lussy in 2023 [20] namely to test the validity level of the instrument
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in the form of an essay that was tested on 28 respondents with the product moment correlation technique
and the reliability of the instrument with the Cronbach's Alpha formula to measure the influence of the
Ethno- Realistic Mathematics Education (RME) approach on mathematical reasoning skills in grade VI
using SPSS software version 22. This study obtained the validity result value where the calculation value
of all > problems is 0.374 with a significant level of 5% and the Cronbach's Alpha value is 0.729 which
means that the instrument of this study has high validity and reliability, so that the instrument instrument
used by the researcher can be relied on in measuring the influence of the Ethno-RME approach on
mathematical reasoning ability with a good level of confidence. Then the second research conducted by
Muntazhimah, Syifani, and Hikmatul [27] with the aim of examining the validity and reliability of
mathematical resilience instruments using the Rasch model assisted by Winsteps software on students who
obtained the results that the instrument was declared valid because there were 29 out of 32 valid items that
had been used and met the criteria of "very reliable™ because it produced an Alpha Cronbach nlai of 0.71,
an item reliability value of 0.98, and a person reliability of 0.63, So that the instrument is valid and reliable
to be used in researching mathematical resilience skills in students.

Another research is to test the validity and reliability of non-test instruments consisting of 10
guestions in the form of anxiety questionnaires in mathematics learning for students at the secondary school
level involving as many as 116 respondents using the Rasch Model on Winstep. This study obtained the
results that there was only one item that was invalid because it had an Outfit value of MNSQ > 1.5, a Outfit
ZSTD value of > +2.0, and a Pt Mean Corr value of > 0.85 with the results of the Person Fit test there were
11 (9%) people who were invalid in meeting the specified criteria. The results of the reliability calculation
show that the person reliability is 0.71, the item reliability is 0.94, and Alpha Cronbach shows the number
0.76, so that this study produces a valid and reliable mathematical anxiety instrument [21]. The next
research discussed the use of Rasch Model analysis on Winsteps was also carried out to test the validity of
the EPUB3-based Mathematics E-Module conducted by Rahmi Ramadhani and Yulia Fitri [28] by using
three stages, namely expert validation and validation of items and constructs using the Rasch Model which
obtained the result of a valid and reliable number of question items at a percentage of 24% (below 50%)
and still needs to be revised to the gender bias found so that there needs to be improvement, but one of the
materials in the E-Module is already suiTable for use in statistics learning.

From several research findings relevant to the theme of mathematical reasoning ability and validity
and reliability tests using Winsteps, researchers see that there has been no validity and reliability testing of
Winsteps-assisted instruments for mathematical reasoning skills at the high school level. Therefore, this
study has the purpose of determining the level of validity and reliability of the mathematical reasoning
ability instrument of high school students using Winsteps software. The formulation of the problem in this
study is (1) how the results of the validity of the mathematical reasoning ability instrument with Winsteps
in high school students? (2) how the results of the reliability of the mathematical reasoning ability
instrument with Winsteps in high school students? and (3) how to ensure that the mathematical reasoning
test instrument does not contain bias against different demographic groups, so that each item of the test is
valid and fair for all groups of respondents?

2. RESEARCH METHODS
2.1 Research Design and Participants

In this study, the researcher uses a quantitative research method using a survey approach.
Quantitative research is a research method used to research a specific population or sample by collecting
data using research instruments and involving statistical analysis of the numerical data collected
[29][30][31]. The survey approach is an approach that in its research uses instruments that have been
previously analyzed and are considered valid and reliable to measure variables and their indicators, with
the aim of collecting data from the population without changing these variables, so that researchers can
research the actual situation [31][32][33]. This approach was chosen because it allows for accurate and
representative data collection from a sample of the population.
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The subject selection technique was carried out by purposive sampling. Purposive sampling is a
sampling technique based on certain considerations, where a sample is selected because it knows the
expected information or has specific characteristics that are relevant to the research [34][35][36]. This
technique was chosen because it allows researchers to get samples that are most suiTable for the purpose
of the research, namely selecting samples that have gained an understanding of the material of the Three-
Variable Linear Equation System in class X of high school. This study involved 252 students who were
categorized based on the Table below.

Table 1. Demographic Information

Demographics Description Code Amount
Class X A 252
Age 14-15 B 1
15-16 C 217
17 years and over D 34
Domicile East Jakarta E 238
Depok F 12
Bekasi G 2
Gender Female H 127
Male I 125

The researcher disseminated the instrument directly and through Google Form to several schools in
East Jakarta, Depok, and Bekasi. Based on Table 1, the researcher divided the respondents into several
categories listed and adjusted to demographics consisting of class, age, domicile, and gender. The
respondents consisted of class X students aged 14 and above with a total of 127 women and 125 men.

2.2 Instrument

Data collection in this study is done in the form of tests. A test is an instrument used to measure
students' ability to understand the material and its learning outcomes through steps such as preparing
guestions, sharing questions, supervising work, checking results, evaluating, and analyzing test results [37],
[38]. The test in this study is prepared based on indicators of mathematical reasoning ability consisting of
six questions with each indicator consisting of two essay questions related to the material of the Three-
Variable Linear Equation System. Indicators of mathematical reasoning ability in this study include making
conjectures, performing calculations based on certain rules or formulas, and checking the validity of an
argument [39]. The scoring guidelines used in the mathematical reasoning ability test are as follows.

Table 2. Guidelines for Scoring Mathematical Reasoning Ability Tests

. I Scoring
Indicator Description 3 > 1 0

Raise Students can design Convey the Presents alleged Presenting There was no

Allegations assumptions and alleged solution solution clearly and allegations about answer, even
suspect various clearly, correctly correctly, but is unable a problem but the though there was
possibilities that and and relate it to relate it to the allegations given only a show of
could be a solution to the problem problem given are incorrect lack of
to the problem given given understanding

Perform Students can read Using Doing  mathematical Performing Cannot perform

calculations  the questions and mathematical calculations but using mathematical mathematical

based on then use the formula calculations and formulas is not perfect calculations using calculations

certain rules  well formulas formulas but not using formulas

or formulas correctly precisely

Checking Students present Shows the Shows the validity of a Showing the There was no

the Validity proof of the truth of validity of a statement but is validity of a answer, even

of an astatement based on statement along accompanied by weak statement but not though there was

Argument known with strong evidence, provide being able to only a show of
mathematical results evidence incomplete evidence, show proof lack of

evidence does not
match the conclusion

understanding

Data source:

[39]
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In Table 2, it is explained that the highest score is 3 which means that students can answer questions
according to the right steps and in accordance with the indicators of mathematical reasoning skills, and the
lowest score is 0 which means that students are not able to answer the given questions.

The data analysis technique used in this study is using the Rasch model on Winsteps software.
Question item validation uses two types of measurements, namely (1) construct validation, and (2) content
validation. Construct validation is a validity process that describes the construction of an instrument from
the aspects of compilation, framework, language arrangement, and etc. [40]. Content validity is the extent
to which the test measures what is intended to be measured with precision and precision and evaluates its
validity and validity through analysis by experts to ensure the measurement includes adequate and
representative items to uncover the concept being measured [17][23][41].

The instruments, which have been compiled based on the indicators and their descriptions in Table
2, have gone through the process of construct validation of concepts by Mathematics Education lecturers
and mathematics teachers before being used in collecting data on mathematical reasoning skills in high
schools with instrument components guided by validation sheets that include aspects of concept suitability,
component construction, and language arrangement. The results of the validation are.

For example, X , ¥, and z are three integers which || Three whole numbers are known which when

add up to give the result 75. The first number is added together the result 1s 75. The first number is

. five more than the sum of the other two numbers
five more than the sum of the other two numbers.

. . 1 .
while the second number is equal to 3 of the sum

. 1 .
The second number is equal to i of the sum of the of the other two numbers. Which 1s the largest of

other two numbers. What 1s the value of x? the three numbers?

(@) (b)
Figure 1. (a) Questions Before Validation by Experts; (b) Questions After Validation by Experts

Based on Figure 1, it can be seen that the questions have changed in the core question section which
adjusts to the mathematical reasoning ability indicators used by the researcher and the reasoning part is
changed so that students can make mathematical models according to their ability to make guesses to get
appropriate results.

After the data is obtained from the respondents, the validity of the content is carried out. Content
validity is the extent to which the test measures what is intended to be measured with precision and precision
and evaluates its validity and validity through analysis by experts to ensure the measurement includes
adequate and representative items to uncover the concept being measured [17][23][41]. The data obtained
is grouped in Microsoft Excel according to the code contained in Table 1, then the data is processed using
Winsteps. The next stage is to eliminate zero responses and identify outliers that are then excluded from
the data.

3. RESULTS AND DISCUSSION

This study aims to measure the validity and reliability of the instrument through analysis using
Winstep software. In this effort, a number of data are collected and analyzed to ensure that the instruments
used are capable of producing accurate and consistent measurements. Quantitative research through
Winsteps can provide comprehensive data on item quality, person quality, and even interactions between
respondents and items at once [24][42].

3.1 Validity

The validity of the instrument was carried out to test whether the mathematical reasoning ability
instrument of class X students could be used to measure these abilities. The analysis of the validity of the
instrument in Winsteps is called the fit and misfit test on items that can be seen from the values of Outfit
Mean Square (MNSQ), Outfit Z-Standard (ZSTD), Point Measure Correlation (Pt Mean Corr). The purpose
of validity is to evaluate the suitability of the question items with the model used, which is known as item
fit [43]. The purpose of conducting this validity test is to determine whether an instrument is suiTable for
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use or not [44] . Item limits are declared fit to the model if they meet one or both of the conditions that can
be seen in Table 3 of the item suitability section of the question. Item fit means that the item is normal for
the measurement it should be, while if the item shows a mismatch, it indicates that the respondent has a
misunderstanding of the item [45] . Here are the results of the fit item test.

Table 3. Item Validity Analysis Results

Entry Number Item MNSQ ZSTD Pt Mean Corr
1 P1 1.38 3.6 0.38
2 P2 0.95 -04 0.66
3 P3 0.71 -2.6 0.67
4 P4 1.08 0.9 0.75
5 P5 0.92 -0.5 0.59
6 P6 0.73 -14 0.52

It can be seen that in Table 3, the valid items are all items. This is indicated by the Outfit MNSQ
value for all items meeting the criteria, namely 0.5 < MNSQ < 1.5 [46]. Meanwhile, the Outfit ZSTD values
for items P1 and P3 are outside the criteria, namely -2.0 < ZSTD < +2.0 contained in Ngadi [46], with the
value of the ZSTD Outfit item P1 which is 3.6 and item 3 which is -2.6. For the correlation value of items
with a total score (Pt Measure Corr), all items have met the criteria, namely 0.4 < Pt Measure Corr < 0.85
[46].

In general, the instrument has good validity with most items meeting the criteria of Outfit MNSQ
and Pt Measure Corr. However, there are two items (P1 and P3) that show deviations in the value of the
ZSTD Outfit, which requires further attention. Researchers may need to revise or re-evaluate those items
to ensure they match the expected model.

Furthermore, a check was carried out on the person. Person fit is used when the criteria for MNSQ
and ZSTD are met even though the total score (Pt Measure Corr) is very low. The information for person
fit in Rasch's analysis is based on unusual response patterns. It is possible that the respondent is not serious
in answering the question items in the instrument so that unusual patterns are detected. The following are
the results of the person fit test.

Table 4. Misfit Order of The Person

No. Person MNSQ ZSTD Pt Mean Corr

1. 004ACElI 1.85 14 -0.04
2. 009ACEI 1.97 1.6 -0.12
3. 011ACEH 0.31 -15 0.91
4. 013ACEI 2.44 1.9 0.25
5. 015ACEH 2.09 13 -0.44
6. 016ACEH 2.09 1.3 -0.44
7. 017ACEI 0.11 -2.5 0.97
8. 026ACElI 1.56 1.0 0.14
9. 032ACElI 3.65 21 0.05
10. 035ADEI 0.16 -0.9 0.87
11 050ACEH 0.30 -1.0 0.86
12. 053ACEH 1.96 10 -0.15
13. 070ACEH 5.79 3.4 -0.14
14. 077ACEH 0.28 -1.3 0.86
15. 089ACEI 1.82 13 0.29
16. 094ACEH 3.32 1.7 -0.14
17. 112ACEH 5.68 4.2 0.01
18. 116ACEI 0.16 -0.9 0.87
19. 118ACEI 0.29 -1.3 0.93
20. 123ACEH 0.35 -1.3 0.89
21. 124ACEH 1.61 1.0 0.36
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No. Person MNSQ ZSTD Pt Mean Corr

22. 173ACEH 0.16 -0.9 1.87
23. 174ACEH 2.82 14 -0.30
24. 176ACEH 2.32 1.9 0.04
25. 178ACEI 4.05 2.8 -0.12
26. 180ADEI 1.95 13 -0.06
217. 190ACEH 244 13 0.05
28. 203ACFH 244 21 0.08
29. 210ACEH 0.19 -1.9 0.95
30. 212ACEH 0.28 -1.6 0.93
3L 213ACEH 0.24 -1.9 0.85
32. 214ACEH 0.18 -1.9 0.95
33. 224ACFH 0.31 -15 091
34. 235ACEH 0.24 -1.9 0.85
35. 241ACEH 0.11 -2.2 0.97
36. 242ACEl -0.24 -1.9 0.85

Table 4 shows the responses of items that do not conform to the rules in the Rasch Model. The person
fit Table shows that only 190 (75.4%) of the 252 respondents read the data. The results of the analysis
showed that there were 36 (14.29%) person misfits with the same conditions as in the item analysis [46].
There were 7 people whose criteria did not comply with the provisions for MNSQ, ZSTD, and Pt Mean
Corr, while the other persons did not comply with the provisions for MNSQ and Pt Mean Corr. This can be
caused by data errors, unserious responses, or difficulties in understanding the item or item of the question.
All three indicators (making a conjecture, performing calculations, checking the validity of an argument)
may require a review to ensure each item is valid and precise in measuring the capabilities in question.

3.2 Reliability

The reliability of the instrument was carried out to see if this mathematical reasoning ability
instrument could be used to reduce this ability in class X students anytime and anywhere. The reliability of
the instrument was carried out to see if this instrument was reliable and could be used as a measure of the
mathematical reasoning ability of class X students. One of the pieces of information that can be interpreted
from the output of Summary Statistics is the value of measuring reliability, both from the respondent's side
(Person Reliability) to see the consistency of the respondent's answers, as well as from the review of
question items (Item Reliability) which shows the reliability of the question items, as well as the interaction
between the respondents and the items in Alpha Cronbach [24], [26]. Here are the results of the Output
Summary Statistic.

Table 5. Review of Output Summary Statistics

Statistics Value
(KR-20) 0.74
Person Reliability 0.62
Item Reliability 0.99
Person Separation 1.29
Item Separation 9.89

Table 5 shows the values of Alpha Cronbach (KR-20), Person Reliability, Item Reliability, Person
Separation, and Item Separation based on Rasch analysis in Winsteps. The results show that the Person
Reliability value is 0.62 which means it is below 0.67 with the Weak category and the Person Separation
value is 1.29 [46]. Item Reliability of 0.99 which belongs to the Special category because it is more than
0.94 with Item Separation 9.89 [46]. This research resulted in an Alpha Cronbach value of 0.74 which
means it has a Good category according to Ngadi [46].
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3.3 Differential Item Functioning (DIF)

Rasch modeling can detect biases that can be called DIF (differential item functioning) detection or
grain functionality [45]. Furthermore, the Differential Item Functioning (DIF) analysis was carried out to
identify the existence of bias in the research instrument in order to find out whether there is an instrument
that tends to benefit one of the parties carried out after controlling the level of respondents' ability to answer
a question item based on several existing groups [43][47].

Using Winsteps, researchers can identify items that exhibit bias and take the necessary steps to
correct or replace those items, thereby improving the overall validity and fairness of the test. The question
items on the instrument are said to be biased if there is one individual with certain characteristics who
benefits more than an individual with other characteristics. A measurement is said to be valid when the
instrument and question items do not contain bias. Here's the result of the DIF output on Winsteps.

Table 6. Result of Output DIF

No. Item DIF Measure DIF Contrast t Prob
1 P1 -1.37 0.39 2.00 0.0750
2 P2 -0.35 -0.30 -1.47 0.2895
3 P3 0.22 -0.28 -1.22 0.4544
4 P4 -0.77 0.51 2.60 0.0705
5 P5 0.61 -0.40 -1.55 0.1571
6 P6 1.58 -0.82 -2.16 0.0096

Table 6 shows the DIF Measure, DIF Contrast, t-value, and probability values. The criteria for DIF
analysis are a DIF Contrast value > 0.5 and a probability value < 0.05 [47]. It can be seen in Table 6 that
there are no question items that contain bias. This is because each question item obtained a DIF Contrast
value of < 0.5 which means that the difference in the function of the item between the analyzed groups is
not significant and the probability value > 0.05 which indicates that the existing difference is not statistically
significant. Therefore, it can be said that all the questions in this research instrument are proven to be valid.

4. CONCLUSIONS

Based on the results of the item and person fit tests, the mathematical reasoning ability instrument
has several strengths and weaknesses in its validity. All items are valid based on the MNSQ Outfit and Pt
Measure Corr criteria, indicating that the item generally matches the Rasch model and correlates well with
the total score. The majority of respondents indicated a match with the Rasch model, supporting the overall
validity of the instrument. Items P1 and P3 do not meet the ZSTD Ouitfit criteria, indicating that there are
items that need review or revision to reduce non-conformities. A total of 36 (14.29%) respondents showed
significant discrepancies, especially 7 persons who did not match the three main indicators (MNSQ, ZSTD,
and Pt Mean Corr). This instrument can be considered valid as a whole because the majority of items meet
the validity criteria specified by the Rasch model.

The reliability test of the mathematical reasoning ability instrument with Winsteps on students in
high school shows that this instrument has excellent reliability of question items, with strong consistency
in measuring mathematical reasoning ability and excellent ability to distinguish the difficulty level of the
problem, as shown by the high value of Item Reliability and Item Separation. However, a low Person
Separation score (< 2.0) indicates that this instrument is less effective in distinguishing learners' abilities,
which may be caused by variability in respondents' answers due to different understandings of questions or
variations in participants' performance. Although the Alpha Cronbach value shows adequate internal
consistency, improvements are needed to improve the instrument's ability to measure the variation in
mathematical reasoning ability among learners.

The DIF test can be concluded that there are no question items that contain bias. Each question item
in this research instrument showed a DIF Contrast value < 0.5 and a probability value > 0.05. Therefore,
no item functioned differently for the analyzed group, which means that this instrument proved to be valid
and fair for all groups of respondents. Thus, these results provide confidence that the instruments used in
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this study can be relied upon to measure mathematical reasoning ability without bias towards certain groups.
This is important to ensure that the results of the study are accurate and fair, reflecting the mathematical
reasoning abilities of the respondents objectively.
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