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Abstract                                                                     

Background. Evaluating beliefs is essential, as the concept has a 
significant influence on mathematics learning in the classroom. 
Therefore, this research aimed to provide an instrument for assessing 
beliefs regarding mathematics teaching and learning.  

Methods. The survey consisted of 311 females and 96 males, totaling 
407 respondents, and a validated questionnaire was used to collect the 
data. The reliability and validity of the instrument were evaluated using 
the Rasch Model to analyze Cronbach’s Alpha, item reliability, and 
person reliability. Additionally, validity was assessed through item fit 
order, item unidimensionality, item measurement, partial-credit scale, 
and bias testing. This statistical process provided strong support for the 
reliability and validity of the instrument.  

Results. The results showed the alignment between the research 
instrument items and responses. This is evident from the Cronbach's 
Alpha value, which has an excellent interpretation. The person's 
reliability value, with fairly good interpretation, indicates the 
consistency of their answers. Meanwhile, the item reliability value 
indicates the quality of the instrument, providing an excellent 
understanding.  

Conclusion. A total of thirty statements were effective out of sixty-four 
developed to measure beliefs about mathematics teaching and 
learning. This research makes an original contribution to the field of 
mathematics education by developing a valid and reliable 
measurement instrument for mathematical beliefs. The 
implementation of the instrument evaluated students' and teachers’ 
beliefs, enabling targeted professional development interventions. 
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Teachers are essential in teaching, training, directing, evaluating, and assessing students in the 
capacity of professional educators and subject matter experts. In this context, an understanding of 
mathematical knowledge directly influences classroom instruction (Matitaputty et al., 2024). 
Although knowledge influences learning, teachers with similar expertise may approach instruction 
differently. According to Ernest, beliefs are important factors used to shape teaching practices (Hibi, 
2017; Siswono, Kohar, Hartono et al., 2019; Yang et al., 2020). Varying beliefs lead to diverse methods 
of mathematics teaching practices in the classroom (Ferguson & Braten, 2018; Lui & Bonner, 2016; 
Muhtarom et al., 2019; Purnomo et al., 2020). These attitudes are composed of various cognitive 
structures and serve as the foundation for guiding behavior and shaping the understanding of 
individuals (Belbase, 2024; Buehl & Fives, 2009; Wang et al., 2022). Beliefs are located between the 
cognitive and affective domains, called the “twilight zone.” Beliefs have components in both domains. 
Every individual has perceptions, attitudes, beliefs, and values/ethics/morals. The distinction 
between these concepts can be characterized symbolically as “hot” perceptions, “cool” attitudes, 
and “cold” beliefs (Pehkonen & Pietilä, 2003).  

Differences in teacher beliefs also impact students' beliefs in learning (Ariza Muñoz et al., 2023; 
Muhtarom et al., 2017). What students believe is largely based on their experiences while learning 
mathematics in school. Thus, teachers play a crucial role in shaping students' beliefs about 
mathematics. Furthermore, mathematics education students who will become successors to 
professional teachers must also have beliefs about mathematics teaching and learning. These beliefs 
must be instilled in children early on, as they can serve as the foundation for disposition, action, 
change, and learning (Muhtarom et al., 2018; Perera & John, 2020). This is reinforced by research 
results, which suggest that differences in teaching experience influence the differences in beliefs they 
hold (Arıkan, 2016; Buehl & Fives, 2009; Muhtarom et al., 2020; Siswono, Kohar, & Hartono, 2019).  

Measuring beliefs in learning is essential. Unfortunately, there is very little research related to 
mathematical beliefs. Several studies are primarily concentrated on the qualitative analysis of beliefs 
(Bal, 2015; Buehl & Fives, 2009; Muhtarom et al., 2019; Siswono, Kohar, & Hartono, 2019; Siswono, 
Kohar, Hartono, et al., 2019). Limited analyses focus on developing an instrument to measure 
teachers' beliefs about mathematics teaching and learning. However, several efforts have described 
the creation of measurement scales (Masal & Takunyaci, 2012) and a survey to measure the early 
childhood beliefs of teachers in mathematics learning (Platas, 2015). The data analysis used a classical 
test theory, where the validity and reliability of the instrument were examined utilizing Split-Half, 
item-total correlation, and Cronbach's Alpha. Another research was conducted by Purnomo 
discussing the scale of beliefs in learning (Purnomo, 2017). Data analysis using Exploratory Factor 
Analysis reported that the instrument had a sufficient fit index. The results were only conducted on 
teachers and required an improvement with more significant respondents from different locations 
(Muhtarom, 2024). This research lacks specific guidance on measuring teachers' prospective beliefs 
about mathematics learning. A broader range of respondents should be included, beyond prospective 
teachers, to enhance the person-separation value and more accurately capture diversity levels.   

Considering previous results, further investigation on the development of measuring 
instruments in mathematics teaching and learning should be conducted with a larger sample size and 
demographics of respondents. Furthermore, item response theory, as the core component of the 
Rasch Model, is used to examine data to gain a better understanding of assessing views about 
mathematics instruction. Item response theory provides benefits over conventional test theory, 
where the chance of the subject responding to the item correctly relies on the skills of the subject 
and the qualities of the question (Chan et al., 2021; Rahim & Haryanto, 2021; Sumintono, 2018). 
Instrument validity can be assessed using a variety of criteria to improve the reliability of the final 
instrument (Andrich & Marais, 2019; Julianto et al., 2025; Medvedev & Krägeloh, 2022; Sumintono, 
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2018). Therefore, this research uses the Rasch model to investigate the reliability and validity of the 
belief measuring instrument in mathematics teaching and learning. 

Beliefs are a person's natural trait (Yang et al., 2020). Mathematical beliefs relate to how a person 
behaves towards mathematical objects and believes in the existence of those objects (Belbase, 2019; 
Fives & Buehl, 2016; Muhtarom & Nizaruddin, 2024). Beliefs and perceptions are interchangeable in 
the context of mathematics. When asked what mathematics is, people answer by stating their views, 
which can also be called beliefs about mathematics. Belief is the basis for driving a person to behave 
and the understanding that an individual has of an event. A person uses beliefs to predict what will 
happen (Bal, 2015; Fives & Buehl, 2016). 

Mathematics can be viewed as a dynamic field of human creation, continuously evolving 
according to patterns of discovery and the results remain open to revision; or mathematics is static 
but integrated, consistent, connected, and objective; or mathematics consists of some tools made of 
a set of facts, rules that are not interrelated but useful (Ariza Muñoz et al., 2023; Belbase, 2019; 
Siswono, Kohar, Hartono, et al., 2019). Beliefs about mathematics are divided into three orientations, 
namely: 1) mathematics can be viewed as static knowledge involving a series of rules and procedures, 
2) mathematics is a set of rules and does not change, is proven to be true and stands on proven 
theories, and 3) continuous research is carried out on problems in life based on experience, and 
observations of the regularity of social context phenomena so that mathematics is constantly 
changing, never static (Belbase, 2024). 

Beliefs about mathematics impact how they play a role in mathematics teaching (Ariza Muñoz et 
al., 2023; Li et al., 2024; Lui & Bonner, 2016; Yang et al., 2020). Mathematics teaching beliefs are 
individual perspectives on engaging in mathematical tasks and pedagogical practices. Teachers’ 
beliefs about how knowledge is developed relate to their beliefs about how to teach science and how 
students learn (Ferguson & Braten, 2018; Li et al., 2024). Teachers’ beliefs reflect their philosophies 
about the nature of knowledge and how to acquire it, influencing decision-making in learning. There 
is a degree of consistency between beliefs and teaching practices implemented by teachers in the 
classroom (Belbase, 2024; Purnomo et al., 2020; Siswono, Kohar, & Hartono, 2019). Teachers with 
instrumentalist beliefs emphasize that mathematics teaching focuses on correct answers and views 
learning as passive knowledge acquisition. Teachers with Platonic beliefs emphasize students’ 
understanding of mathematical material and the relationships between concepts. Constructivist 
teachers emphasize mathematics learning as an autonomous exploration, with the learner being the 
focus rather than the material's content (Siswono et al., 2016). 

Students' beliefs about mathematics help increase motivation and learning achievement. Beliefs 
motivate students to learn problem solving, giving them more effort in solving (Ozturk & Guven, 
2016). Students' beliefs about mathematics significantly influence their learning achievement and 
increase motivation. As an illustration, students can learn to understand mathematical problems by 
solving several problems. Previous experiences determine what information students think is 
relevant and what concepts are appropriate to solve problems (Arıkan, 2016; Belbase, 2024). This 
experience plays a role in shaping students' behavior in learning mathematics. What is believed is 
primarily based on the experiences gained during learning mathematics. This shows a relationship 
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between beliefs and learning, where learning experiences contribute to a person's beliefs about the 
meaning of learning mathematics. In turn, beliefs about mathematics tend to influence how they 
approach new knowledge about mathematics (Buehl & Fives, 2009; Muhtarom et al., 2017; Spruce 
& Bol, 2015). 

This development research aims to create a measurement instrument for assessing beliefs about 
mathematics teaching and learning. The analysis was conducted in three stages, namely introduction, 
prototype, as well as evaluation (Akker et al., 2006; Nieveen & Folmer, 2013). In the introduction 
stage, a review of previous research was conducted. The questionnaire framework and belief 
statements were designed for the mathematics learning instrument during the prototype stage. In 
the assessment stage, data were collected using a questionnaire distributed through Google Forms. 

The research respondents were teachers and students. The research was conducted using a 
purposive sampling technique, which involves selecting respondents who are deliberately chosen to 
provide research data. A total of 407 individuals were included, comprising 96 males and 311 females. 
Approximately 158 respondents were teachers, and 249 were students completing professional 
education. Table 1 presents the characteristics of the respondents in this research. 

Table 1. Research Respondents 

Attribute Category Code Person (n) Proportion 

Gender Male  L 96 23.59% 
Female P 311 76.41% 

Respondent 
Age 

21 – 30 years A 253 62.16% 
31 – 40 years B 97 23.83% 
41 – 50 years C 30 7.37% 
51 – 60 years D 27 6.63% 

Respondents’ 
Occupation 

Bachelor of Education Students M 141 34.64% 
Pre-Service Teacher P 108 26.54% 
Teacher G 158 38.82% 

Number of 
Students 

Small schools (up to 300 students) K 67 16.46% 
Medium schools (between 300 and 
1000 students) 

S 94 23.10% 

Large schools (more than 1000 
students) 

B 49 12.04% 

Irrelevant question (not taught in 
school) 

T 197 48.40% 

Respondents’ 
Demographics 

Rural D 61 14.99% 
Small towns and semi-densely 
populated areas 

K 94 23.10% 

Large cities B 55 13.51% 
Irrelevant question (not taught in 
school 

T 197 48.40% 
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Data for the research were gathered through a questionnaire on beliefs regarding mathematics 
teaching and learning, which utilized a four-point Likert scale. The questionnaire consists of both 
positive and negative statements. Each item uses a 4-point Likert scale to assess beliefs. The 
assessment for positive statement items, the numerical scale, is presented as follows: 1 = strongly 
disagree, 2 = disagree, 3 = agree, and 4 = strongly agree. While for negative statement items, the 
numerical scale is as follows: 1 = strongly agree, 2 = agree, 3 = disagree, and 4 = strongly disagree. 
Positive statements are statement items that support the scale measurement attribute, and negative 
statements are statements with characteristics that do not support the scale measurement attribute. 
With the presence of negative statements, respondents are expected to read each statement item 
more carefully and not provide responses carelessly. 

Table 2. Mathematics Beliefs Questionnaire 

Research 
focus 

Research sub-focus Description 
Positive 
items 

Negative 
items 

Beliefs on the 
nature of 
mathematics 

Definition of 
mathematics 

Subject views on mathematics 1, 8 5, 33 

Relationship 
between 
mathematics and life 

Subject views concerning the 
advantages of mathematics in 
daily life 

13, 20 55, 61 

Development of 
mathematical 
knowledge 

Subject beliefs on mathematical 
knowledge development 

9, 47 15, 54 

Beliefs about 
mathematics 
learning 

Designing learning 
activities 

Respondents' beliefs regarding 
designing learning activities that 
are appropriate to students' 
needs 

2, 49 14, 34 

Teaching approaches Respondents' beliefs regarding 
appropriate approaches to 
mathematics teaching 

26, 36, 
52 

27, 48, 
56 

The role of teachers 
in teaching 

Respondents' beliefs regarding 
the role of teachers in 
mathematics teaching 

3, 21, 
31, 39, 
45, 53 

6, 11, 

19, 37, 
51, 63 

Problem-solving Respondents' beliefs regarding 
problem-solving activities in 
mathematics learning 

7, 10, 
50, 59 

4, 23, 

30, 58 

Assessing learning 
activities 

Respondents' beliefs about 
assessments used in learning 

22, 42, 
62, 64 

16, 25, 
28, 41 

Beliefs about 
mathematics 
learning 

Student activities in 
mathematics 
learning 

Respondents' beliefs about how 
students learn mathematics 

18, 24, 
32, 38 

12, 46, 
57, 60 

Respondents' beliefs about the 
basic things that need to be 
mastered when learning 
mathematics 

29, 43, 
44 

17, 35, 
40 
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The questionnaire instrument was developed based on previous preliminary research 
(Muhtarom et al., 2019). Before obtaining research data, the instrument was validated to ensure 
content validity. The validation results indicated that the questionnaire was suitable for measuring 
beliefs related to mathematics teaching and learning. Table 2 presents the instrument grid, which 
provides readers with a comprehensive overview of the problems addressed in this research.  

Testing was carried out using the Rasch Model to obtain a valid and reliable instrument (Adi et 
al., 2022; Andrich & Marais, 2019; Sumintono, 2018). The software used is Winsteps version 3.73. 
Instrument reliability testing uses output from summary statistics. Summary statistics provide overall 
information about the quality of respondents, the quality of the instruments used, and the interaction 
between persons and items (Muhtarom, 2024; Oktaviyanthi et al., 2024). The separation value 
showed the grouping of items and persons. The greater the separation value, the better the quality 
in terms of total items and respondents. Meanwhile, unidimensionality, fit order, rating (partial-
credit) scale, and item measures were employed to evaluate the instrument’s validity (Andrich & 
Marais, 2019; Chan et al., 2021; Sumintono, 2018). Using the Rasch model for instrument validation 
yields more comprehensive information and better aligns with the definition of measurement: 1) 
Undimensionality assesses the instrument's ability to accurately measure the intended variables 
(Andrich & Marais, 2019; Muhtarom, 2024). 2) The item fit order uses INFIT MNSQ to identify outliers 
or misfits by adding the mean and standard deviation. A misfit item is a logit value more significant 
than the sum of the mean and standard deviation. Another method is to apply the following criteria: 
1) Accepted Outfit Mean Square (MNSQ) value: 0.5 < MNSQ < 1.5; 2) Accepted Outfit Z-Standard 
(ZSTD) value: -2.0 < ZSTD < 2.0; and 3) Received Point Measure Correlation (Pt Mean Corr) value: 0.4 
< Pt Measure Corr < 0.85. Valid items satisfy at least one of the three requirements (Medvedev & 
Krägeloh, 2022; Sumintono, 2018). 3) Validity of the partial-credit scale is determined by all ratings 
reaching a peak point (Julianto et al., 2025;  Muhtarom, 2024). 4) The use of item measures and maps 
identifies the most difficult and easiest variables in agreement with respondents (Chan et al., 2021; 
Sumintono, 2018), and 5) Differential Item Functioning (DIF) testing shows that the mathematics 
learning belief instrument is not biased (Adi et al., 2022; Rahim & Haryanto, 2021). This testing was 
conducted considering the respondents' gender, age, occupation, number of students, and 
demographics. 

The overall reliability of the interaction between the person and the item is 0.81, which falls in 
the very good category. Furthermore, the person and item reliability values are 0.77 and 1.00, 
respectively. The quality of the belief measurement instrument is in a particular category. Meanwhile, 
the consistency of the respondents' answers is a fairly good category. Figure 1 shows that OUTFIT 
MNSQ and INFIT MNSQ values are obtained in the item and person measurements, providing good 
measurement results. OUTFIT MNSQ and INFIT MNSQ in the person measurement showed a mean 
value of 0.98 and 1.01, respectively. Similarly, INFIT MNSQ and OUTFIT MNSQ had a mean value of 
0.98 for the item measurement. 

Considering the results, the separation value shows the grouping of items and people. The 
greater the separation value, the higher the quality of the instrument in terms of all items and 
respondents. The person separation value is 1.83, but H = ((4 x 1.83) + 1)/3 = 2.77, approximated to 
3 since there are three groups of respondents. The item separation value is 19.02, but H = ((4 x 19.02) 
+ 1)/3 = 25.69, approximated to 26 since the instrument is made up of 26 groups of items. 
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Figure 1. Output Reliability of Respondents and Instruments 

The item unidimensionality and fit order show that the belief measurement instrument items 
are valid. The total raw variance value in the observations is 55.3%, which is a good category. The 
unexplained variance for the mathematics learning belief instrument is 12.7%, with an eigenvalue of 
18.2 (see Figure 2). Therefore, there is a problematic statement item since the eigenvalue exceeds 3. 

 

Figure 2. Unidimensionality Items 

The subsequent step views the Misfit and Fit items using INFIT MNSQ value. The procedure 
includes the addition of standard deviation and mean, as well as comparing the result to the logit 
value. Figure 3 shows that MEAN + SD = 1.22, and this criterion obtains ten items with INFIT MNSQ 
values greater than 1.22. 
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Figure 3. Output item fit order 

The following criteria to indicate Outliers or Misfits items are 1) The Outfit MNSQ value of 0.5 < 
MNSQ < 1.5, 2) the Outfit ZSTD value of -2.0 < ZSTD < +2.0, and 3) the PT Measure Corr value of 0.4 
< PT Measure Corr < 0.85. The second row shows the output results for item number 5 on the belief 
instrument in mathematics teaching and learning, with scores of 1.47, 6.4, and 0.47, respectively. 
However, number 7 did not meet the three validity criteria, making the item invalid and unsuitable 
for use. The other items were Fit and could still be maintained for use since one of the three criteria 
was met. The complete results of the item fit order output are shown in Figure 3. 

The value data, arranged from highest to lowest, shows that the 11th item has a 3.13 logit. This 
is the most challenging item to agree upon among respondents. Meanwhile, the 3rd item has a -2.37 
logit, and the range of difficulty levels is fairly broad without correction due to a standard deviation 
value of 1.61. INFIT MNSQ value of each person is employed to determine the level of fit or misfit. 
The mean value and standard deviation are combined (1.01 + 0.65 = 1.66). In this context, a logit 
number greater than the value suggests a misfit person. The result is 65 persons with a more excellent 
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INFIT MNSQ value. The person logit value data, sorted from highest to lowest, shows that 084LAPTT 
is a respondent with the highest tendency to believe in mathematics learning compared to others. 
Furthermore, person 284LBPKD disagrees with the belief instrument item in mathematics learning 
and teaching.  

Validity testing, which involves analyzing the rating results, reveals that each rating (1, 2, 3, 4) 
has a distinct peak (Figure 4). This report shows that respondents can rate the instrument of 
mathematics teaching and learning beliefs differently. 

 

Figure 4. Partial–Credit Scale 

Rating scale analysis is conducted to determine whether the rating of the answer choices is 
confusing to respondents. Figure 5 clearly shows that the mean observation starts at logit values of -
1.33, -1.05, 1.26, and 2.04 for score options 1 (strongly disagree), 2 (disagree), 3 (agree), and 4 
(strongly agree). Therefore, there is a rise in the logit value from options 1 to 4. Another 
recommended measure is the Andrich Threshold to test the correctness of the polytomy. The Andrich 
Threshold value, which progresses from 'NONE' to negative and then to positive, sequentially 
indicates that the provided options are valid for respondents. In addition, the threshold distance 
between each rating is also known. Category 1-2 ranges from -3.31 to -1.20, with a difference of 2.11; 
Category 2-3 starts from -1.20 to 1.09, with a distance of 2.29; and Category 3-4 starts from 1.09 to 
3.50, with a distance of 2.41. It can be seen that the adjusted threshold distance meets the criteria, 
which fall within the interval of 1.4-5.0. 

 

Figure 5. Rating Scale Analysis 

Differential Item Functioning (DIF) testing results were obtained with probability values on 
Winstep, where the difference in mathematics teaching and learning beliefs was declared significant 
when the p-value was less than 0.05. DIF is shown through a picture that shows the differences in 
grain characteristics between groups. If an item works the same for all groups, then the curves from 
each group will overlap or be very similar. This research has several attributes, including gender, 
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respondents’ age, respondents’ occupation, the number of students, and respondents’ 
demographics. Therefore, the four items must be corrected because the values contain bias based 
on the respondents' gender. 

 

Figure 6. DIF by Respondent's Gender Category 

Figure 6 shows that four items are biased toward the respondent's gender category, namely 
items 6, 24, 46, and 57. Subsequently, DIF testing was conducted, taking into account the age 
differences. The ages were divided into four groups: 21-30, 31-40, 41-50, and 51-60 years. The results 
showed that five items were biased towards the age category, namely items 6, 7, 10, 20, and 55. DIF 
testing was conducted considering the occupations of the respondents, who were divided into three 
groups: bachelor's degree students in education, pre-service teachers, and teachers. The results 
showed that 22 items were biased towards the job category, specifically items 3, 10, 11, 13, 15, 16, 
17, 19, 21, 29, 32, 33, 34, 35, 37, 40, 41, 45, 48, 56, 59, and 62. The subsequent test was conducted 
in the schools, taking into account the number of students. The schools contained (1) 300 students, 
(2) 300–1,000 students, (3) more than 1,000 students, and (4) irrelevant responses since some 
students did not work. The results showed that four items were biased towards the category of the 
number of students, namely items 6, 13, 25, and 41. DIF testing was conducted considering the 
demographics of the areas, including rural, small towns, semi-densely populated areas, and large 
cities. The results showed that seven items were biased towards the demographics of the areas, 
namely items 13, 14, 24, 28, 33, 35, and 41. Items affected by DIF required correction due to 
measurement-biased factors (Appendix 1). 

The person measure value of 0.54 shows that respondents agree with statements in diverse 
belief instrument items (Rahim & Haryanto, 2021; Sumintono, 2018). Table 3 summarizes the data 
and shows the alignment between the research instrument items and responses. This is evident from 
the Cronbach's Alpha value, which has an excellent interpretation. The person's reliability value, with 
fairly good interpretation, indicates the consistency of their answers. Meanwhile, the item reliability 
value indicates the quality of the instrument, providing an excellent understanding. These results 
show that belief measurement instruments are reliable and deliver consistent results (Adi et al., 2022; 
Andrich & Marais, 2019; Medvedev & Krägeloh, 2022; Rahim & Haryanto, 2021; Sumintono, 2018). 
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Table 3. Summary of Instrument Reliability Test Analysis 

No. Reliability Test Analysis Value Interpretation Conclusion 

1 Cronbach Alpha 0.81 Excellent 

Reliable 2 Item Reliability 1.00 Excellent 

3 Person Reliability 0.77 Fairly Good 

Instrument validity shows that a measuring instrument can assess mathematics teaching and 
learning beliefs (Perera et al., 2018; Rahim & Haryanto, 2021; Sumintono, 2018). Validity tests based 
on item unidimensionality indicate that the total variance in observations accounts for 55.3% of the 
raw variance. Interpretation of item unidimensionality based on the value of raw variance explained 
by measures is indicated by a score of > 20% being fulfilled, > 40% being good, and > 60% meeting 
special criteria. This shows that the unidimensionality value in instrument development can be met 
because the minimum unidimensionality requirement is 20% (Medvedev & Krägeloh, 2022). The 
eigenvalue must be less than 3 to indicate the absence of problematic instrument items, and the 
observed value must be less than 15% to indicate the presence of appropriate instrument items 
(Sumintono, 2018). Research data indicate a match between instrument items, as the variance that 
the mathematics teaching and learning belief instrument cannot explain accounts for 12.7%. The 
eigenvalue of 18.2 indicates problematic instrument items, so an item fit order analysis is carried out 
to determine which items should be discarded. 

Item fit or suitability explains the functionality of the instrument. Several criteria are used to 
determine item fit, including Point Measure Correlation, INFIT MNSQ, Outfit MNSQ, and Outfit ZSTD. 
A rating (partial-credit) scale analysis was also carried out, while variable maps and item measures 
were used to define the instrument. DIF testing showed that the belief instrument was not biased 
towards the categories of gender, age, occupation, number of students, and demographics of 
respondents. Several items are problematic and must be discarded (Misfit) because they do not meet 
predetermined criteria. Table 4 summarises the analysis results of the Misfit items, and Table 5 shows 
a summary of the Fit items. 

Table 4. Misfit Items 

No Misfit Item Analysis Misfit Items Misfit Item Number 

1 INFIT MNSQ 10 Item 5, 6, 7, 14, 24, 30, 34, 41, 45, 55 

2 OUTFIT MNSQ; OUTFIT 
ZSTD; Pt- Correlation 

1 Item 7 

3 DIF by gender 4 Item 6, 24, 46, 57 

4 DIF by respondent age 5 Item 6, 7, 10, 20, 55 

5 DIF by respondent 
occupation 

22 Item 3, 10, 11, 13, 15, 16, 17, 19, 21, 29, 32, 
33, 34, 35, 37, 40, 41, 45, 48, 56, 59, 62 

6 DIF by the number of 
students 

4 Item 6, 13, 25, 41 

7 DIF by Respondent 
demographics 

7 Item 13, 14, 24, 28, 33, 35, 41 

Item Misfit 34 Item 3, 5, 6, 7, 10, 11, 13, 14, 15, 16, 17, 19, 
20, 21, 24, 25, 28, 29, 30, 32, 33, 34, 35, 
37, 40, 41, 45, 46, 48, 55, 56, 57, 59, 62 
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Table 5. Fit Items Mathematics Beliefs Questionnaire 

A good instrument must meet the requirements of reliability and validity (Adi et al., 2022; Chan 
et al., 2021; Sumintono, 2018). Testing using the Rasch model gives better results and considers 
various criteria than the Pearson product-moment correlation (Medvedev & Krägeloh, 2022; 
Oktaviyanthi et al., 2024). A total of 30 fit items may be used to assess mathematics learning beliefs. 
These items have met several established criteria with a good level of reliability. The results also show 
that each rating has a separate peak (Figure 4). Therefore, respondents can rate mathematics 
teaching and learning belief instruments differently (Sumintono, 2018). Furthermore, the research 
results also show that the rating of the answer choices given does not confuse respondents. This can 
be seen from the Andrich Threshold value, which moves sequentially from 'NONE' to negative and 
then to positive, indicating that the options provided are valid for the respondents. This means that 
respondents can be sure of each choice they make (Andrich & Marais, 2019; Chan et al., 2021). Thirty 
Fit items for measuring mathematics teaching and learning beliefs are feasible because the fewer 
instrument items, the better they are for carrying out measurements. Respondents may become 
fatigued with a long instrument, which can reduce reliability (Perera et al., 2018). The results are an 

Research 
focus 

Research sub-focus Description 
Fit items 

Beliefs on 
the nature of 
mathematics 

Definition of 
mathematics 

Subject views on mathematics 1, 8 

Relationship between 
mathematics and life 

Subject views concerning the 
advantages of mathematics in daily 
life 

61 

Development of 
mathematical 
knowledge 

Subject beliefs on mathematical 
knowledge development 

9, 47, 54 

Beliefs about 
mathematics 
learning 

Designing learning 
activities 

Respondents' beliefs regarding 
designing learning activities that are 
appropriate to students' needs 

2, 49 

Teaching approaches Respondents' beliefs regarding 
appropriate approaches to 
mathematics teaching 

26, 27, 
36, 52 

The role of teachers in 
teaching 

Respondents' beliefs regarding the 
role of teachers in mathematics 
teaching 

31, 39, 
51, 53, 

63 

Problem-solving Respondents' beliefs regarding 
problem-solving activities in 
mathematics learning 

4, 23, 50, 
58 

Assessing learning 
activities 

Respondents' beliefs about 
assessments used in learning 

22, 42,  
64 

Beliefs about 
mathematics 
learning 

Student activities in 
mathematics learning 

Respondents' beliefs about how 
students learn mathematics 

12, 18, 
38, 60 

Respondents' beliefs about the basic 
things that need to be mastered 
when learning mathematics 

 43, 44 
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improvement from previous research in measuring beliefs to solve mathematical problems, because 
only a separation value was obtained (Muhtarom, 2024). In this research, the separation value H = 
2.77 was rounded to 3. This aligns with the initial concept of developing an instrument to categorize 
respondents' beliefs into constructivist, Platonic, and instrumentalist categories.  

These results indicate that the scale of beliefs in mathematics learning analyzed using the Rasch 
model has good psychometric characteristics. The developed instrument shows an adequate level of 
item fit and respondent fit, as well as an even distribution of item difficulty levels, so that it is able to 
measure the construct of beliefs in various categories of respondents. This finding provides an 
important contribution when compared to previous studies using the classical test theory approach 
(Masal & Takunyaci, 2012; Platas, 2015). The classical approach relies heavily on sample 
characteristics and is unable to separate item parameters from respondent characteristics. In 
contrast, the Rasch model allows researchers to identify misfit items, detect bias between groups, 
and produce linear measures of latent construct beliefs, which cannot be achieved through classical 
test theory (CTT). 

The novelty of this research is demonstrated by developing an instrument using Rasch analysis, 
which can provide more objective and accurate measurement results than conventional approaches. 
With Rasch analysis, the instrument developed can ensure that each item has high validity and 
reliability and can precisely distinguish the level of teacher beliefs. This research is necessary because 
teachers' beliefs in mathematics teaching directly impact teaching practices and student learning 
outcomes. 

The research results from Rasch modeling have developed a reliable and valid mathematics 
teaching and learning belief measurement instrument. Thirty instrument statement items meet the 
established criteria. However, some items still require improvement because they still contain bias 
and do not encompass the full range of variables studied. The availability of valid and reliable 
instruments is needed to support continuous evaluation and professional development of teachers. 
This research contributes to the development of measurement theory and practice in education, 
especially in understanding the psychological factors that influence the effectiveness of mathematics 
learning. 

 In the future, it is necessary to develop separate mathematics teaching and learning belief 
instruments for teachers and students, as the results of this study still contain many items biased 
towards the respondent's job category. 
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Figure 7. DIF by Respondents’ Age Category 
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Figure 8. DIF by Respondents’ Occupation Category 

 

 

Figure 9. DIF by Number of Students Category 

 
 

 
Figure 10. DIF by Respondents’ Demographics Category 
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