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Abstract: Assessment is an important component in learning mathematics. The practice of mathematics 

assessment is influenced by teachers' beliefs about the assessment. This study aims to explore the beliefs of 

primary school mathematics teachers regarding mathematics assessment. The research used quantitative 

research methods using survey methods to 71 prospective elementary school mathematics teachers. Confi-

dence data regarding mathematics assessment was collected using closed and open questionnaires based on 

a framework of productive beliefs and unproductive beliefs. Data from closed questionnaires were analyzed 

using descriptive statistics. Meanwhile, open questionnaire data were analyzed using deductive coding 

method based on productive and unproductive beliefs. The results showed that prospective elementary school 

mathematics teachers held mixed beliefs in mathematics assessment. On the one hand, it can be said that the 

beliefs of prospective elementary school mathematics teachers regarding mathematics assessment tend to be 

contradictory. These results imply the importance of an attempt to intervene in the beliefs of prospective 

elementary school mathematics teachers regarding mathematics assessment. Thus, assessment practice can 

lead to productive assessment, which is to encourage meaningful mathematics learning.  
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Introduction 

Assessment is an important component in mathematics education. All learning processes always 

involve assessment components and activities. An excellent mathematics program ensures that 

assessment is an integral part of teaching (National Council of Teachers of Mathematics, 2014). NCTM 

defines assessment as a process of gathering evidence showing students’ knowledge of mathematics, 

their ability to use mathematics, and their disposition concerning mathematics, and then drawing a 

conclusion from the data, which are then used for various suitable purposes (National Council of 

Teachers of Mathematics, 2014). Assessment can also be defined as the process of analyzing the 

students’ progress: whether they have learned everything that was expected (Baird et al., 2017). Zhao et 

al. (2016) defined assessment as a process where the students’ responses to stimuli (both stimuli that are 

specifically made for a certain purpose, or that occur spontaneously), are collected to draw conclusions 

about the students' knowledge and skills. In other words, there are at least two important elements in 

assessment: gathering evidence and making decisions based on that evidence. 

The aim of assessments is to support the learning process. One that affects the quality of learning 

is the quality of the assessment carried out (Brown, 2006). However, in reality, assessment often 

becomes an obstacle towards the development of students' mathematical abilities. This is because 

traditionally, assessment is considered to be a process that emphasizes the evaluation of student achieve-

ment (eg. grading). It is even used to determine school rankings and teacher performance (National 

Council of Teachers of Mathematics, 2014). This is contradictory to the fact that the current assessment 

reformation focuses on the continuous providing of knowledge and information to support the students’ 

and teachers’ learning and teaching process. This view differs from the fundamental view of assessment, 

where assessment is seen as a series of objective processes that together should be a tool for measuring 

students’ knowledge. 

https://doi.org/10.21831/jpe.v9i2.36815
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This traditional view of assessment propelled a number of researchers and mathematics education 

community members to call for assessment reform in mathematics education (Barnes et al., 2014; 

Herwin et al., 2019; Lui & Bonner, 2016). A teacher’s pedagogic abilities will be determined by by their 

beliefs in teaching, learning, and assessment (Doǧan, 2011), and this the reason why assessment reform 

is crucial. A teacher’s belief in mathematics assessments and assessing will affect their assessment 

process in the classroom (Martínez-Sierra et al., 2020; Suurtamm et al., 2016; Syafitri, 2020). Further-

more, He et al. (2011) revealed that the success of the education policy regarding assessments at the 

practical level will be determined by the teachers' beliefs in assessment. 

On the other hand, research on teachers’ confidence in assessment is still very limited (Martínez-

Sierra et al., 2020; Suurtamm et al., 2016). However, there seems to be an increasing interest regarding 

this topic. This can be seen through the development of assessment instruments that is continuously 

being carried out and tested in various contexts. Brown (2006) developed the Teachers ' Conceptions of 

Assessment (TCoA). Brown used four components of belief (conceptions): first, assessment can contri-

bute to the improvement of teaching and learning processes (Improvement); second, assessments can be 

used to evaluate the effectiveness of schools and teachers (School Accountability); third, assessments 

can validate student performance, holding them accountable for results (Student Accountability); fourth, 

assessments may be deemed fundamentally irrelevant to the professional and personal lives of teachers 

and students (Not relevant). TCoA has been widely used as a research instrument in various countries, 

conducted in various languages, and diverse contexts. TCoA has also been used to compare conceptions 

of cross-cultural assessment (Brown & Remesal, 2012; Brown & Wang, 2016), conceptions in relation 

to policy (Brown et al., 2015), and used in various countries such as China (Brown & Gao, 2015), 

Taiwan (Chen et al., 2012) and Canada (Daniels et al., 2014). Apart from TCoA, the Student 'Concept-

ions of Assessment (SCoA) was also developed (Brown, 2011; Brown & Hirschfeld, 2007). In addition 

to the TCoA and SCoA instruments, another instrument that has been developed is the Qualitative Model 

of Conceptions of Assessment (QMCoA) (Remesal, 2011). The QMCoA was developed based on four 

aspects that will influence the teaching and learning process, namely (1) the act of teaching, (2) the act 

of learning, (3) the act of providing accreditation or certificates for certain learning outcomes, and (4) 

the act of giving accountability to agents outside of the classroom, including school administrators, 

families, and policy makers. 

None of the various previous studies explained above has used the productive and non-productive 

frameworks when analyzing teachers’ confidence in assessments. NCTM (2014) classifies teachers' 

beliefs in assessment into productive beliefs and unproductive beliefs. This categorization is based on 

the role of the assessment in the teaching and learning process. Productive belief means that the teacher 

sees assessment as a tool that can be used to support and emphasize effective teaching and learning. On 

the other hand, unproductive beliefs mean that the teacher sees assessment merely as something that 

measures the students’ achievement, limiting students to only the core math content and practices 

(National Council of Teachers of Mathematics, 2014). An example of productive belief is the confidence 

that students are able to assess their own learning process. Unproductive belief, however, believes that 

assessments must be carried out by agents other than the student and not the students themselves. It is 

important to understand productive and unproductive frameworks in understanding belief in assessment 

because the assessment reform that is currently being pushed by researchers and mathematics education 

community members is actively moving towards the productive assessment framework. In addition, no 

previous research has analyzed the assessment beliefs of pre-service elementary school mathematics 

teachers. This topic is worthy of inquiry because one of the keys to carry out assessment reform is based 

on the confidence of pre-service teachers (National Council of Teachers of Mathematics, 2014). 

This research aims to explore the assessment beliefs of pre-service elementary school mathema-

tics teachers. Specifically, this study will explore the productive and unproductive beliefs regarding 

assessment held possessed by pre-service elementary school mathematics teachers. This research aims 

to answer this question: What is the belief regarding assessment held by pre-service elementary school 

mathematics teachers? 

Method 

This research uses the quantitative research method, conducted using the survey method. This 

method was chosen because it is suitable for a research that aims to describe a situation that existed in 

the past or in the present (Cohen et al., 2002). 
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Participants 

The participants in this study are 71 pre-service elementary school teachers (10 male and 61 

female). All participants have completed all courses on general pedagogy, mathematics content courses 

(basic mathematics, geometry, elementary school mathematics) and are currently taking courses on 

mathematics teaching. The participants were divided into two groups: those with classes conducted in 

Indonesian, and those with classes conducted in two languages (Indonesian and English). 

Instrument 

The data collected in this study is data on the pre-service elementary school mathematics teachers’ 

belief in mathematics assessment. The data were collected through a questionnaire. The questionnaire 

consists of two parts: the open-ended question section and the close-ended question section. The close-

ended question section consists of questions adapted from the productive belief of mathematics 

assessment and the unproductive belief of mathematics assessment from National Council of Teachers 

of Mathematics (2014). The items in the section are then divided into two groups: the productive belief 

dimension (eg. “The main objective of assessment is to become proof of students’ accountability shown 

through daily test scores or report card scores”) and the unproductive belief dimension (eg. “in learning 

mathematics, students are capable of assessing their own work”). There are a total of 12 items, six of 

which are questions in the productive belief dimension and the other six are on the unproductive belief 

dimension. This questionnaire uses a six-point Likert scale (1 = "strongly disagree" to 5 = "strongly 

agree"). 

The open-ended question section presents three questions: (i) what do you think an assessment is, 

and what is its purpose? (ii) what type of assessment is suitable for the purpose of learning mathematics? 

(iii) what will you do with the assessment results acquired? These three questions are presented to 

analyze the beliefs regarding the essence, purpose and form of mathematics assessment held by pre-

service elementary school mathematics teachers. Data collection was done through Microsoft form. 

Analysis 

There are several stages of data analysis carried out in this research. The first stage is to analyze 

the questionnaire construction. The questionnaire was composed based on the theoretical framework of 

NCTM (2014), which divides mathematical assessment beliefs into productive beliefs and unproductive 

beliefs. Because the basis of this questionnaire are two components that have had an existing factor 

structure, the testing of the instrument’s construction was done using the confirmatory factor analysis 

(Brown et al., 2015). Confirmatory factor analysis (CFA) examines the suitability of a series of pathways 

of and between factors by making use of the factor patterns, covariance patterns, and residual or error 

values in the data matrix. After the CFA, validation tests were carried out, using the correlation of 

product moment and reliability measured using Cronbach's Alpha. 

The data analysis of the close-ended questions is carried out using the quantitative descriptive 

method: calculating the mean and standard deviation for each of the confidence dimensions 

("productive" and "unproductive"). The dimension that has a higher mean value is the belief dimension 

that pre-service elementary school teachers tend to hold. The analysis is performed using the AMOS 

software and SPSS 20.0.  

Data from the open-ended question questionnaires are analyzed using the deductive coding 

method (Cohen et al., 2002). The coding used follows two dimensions of mathematical assessment 

beliefs: the productive and unproductive beliefs. The results from the open-ended question analysis will 

be compared with the results from the closed-question analysis. 

Results and Discussion 

The results of this study are presented in two parts. The first part describes the construction of the 

instrument used to analyze beliefs regarding mathematical assessment. The second part describes the 

belief held by pre-service elementary school mathematics teachers regarding mathematics assessments. 

Confirmatory factor analysis 

In this study, the value of Kaiser-Meyer-Olkin Measure of Sampling Adequacy is 0.57 and the 

value of Bartlett's Test of Sphericity is 228.45 (p=0.00<0.05). This means that the prerequisite for 
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analysis confirmatory factor (Confirmatory factor analysis/CFA) has been met. Adhering to the CFA 

analysis results, four of the 12 items were removed. One statement (statement 11, regarding self-assess-

ment) was removed because its loading factor does not meet the requirements of >0.3 (Brown et al., 

2015). Statements 8 and 12 were removed because there was a component overlap (the questions contain 

more than one component/factor). Statement 6 was also removed because it was found to be inconsistent 

with theoretical construct: the statement was put in the productive belief dimension, while theoretically, 

the statement belongs to the opposite dimension. The updated questionnaire, then, consisted of eight 

items. CFA analysis was carried out once again for the new questionnaire with eight items. Table 1 

shows the result of the final CFA analysis. 

Table 1. Factor loadings of two factors based on CFA 

Item Loading Mean 

I. Unproductive Belief     

P1. The main objective of assessment is to become proof of students’ accountability 

shown through daily test scores or report card scores 

0.69 4.27 

P2. There must be a certain time allocated for assessing so as not to interfere with the 

rest of the learning process 

0.76 4.03 

P3. The most suitable assessment for mathematics education is essay questions and 

multiple-choice questions because they are reliable and objective 

0.71 4.44 

P4. One form of assessment (either essay or multiple choice) can be used to conclude a 

student’s understanding of mathematics 

0.62 4.20 

P5. Assessment is designed for the students 0.62 3.80 

II. Productive Belief     

P7. The main purpose of assessment is to inform and improve the mathematics 

learning process 

0.72 5.14 

P9. The understanding of mathematics and its processes can be measured through 

various strategies and task-based assessments 

0.82 5.11 

P 10. Multiple data sources are needed to provide an accurate representation of teacher 

and student performance 

0.83 5.24 

This mathematics assessment belief measurement model with two factors has been tested with 

the CFA, showing adequate results (k = 8; χ^2=16,94; df = 19; p = 0.594 CFI = 1.00; RMSEA = 0.00; 

AGFI = 0.899; GFI = 0.946). The questionnaire instrument consists of eight items. These eight items 

are divided into two factors (components): the productive belief section with three items and the 

unproductive belief section with five items. After the CFA, a validity analysis was performed using the 

Pearson correlation and reliability with Cronbach's Alpa. The Pearson correlation value for each 

statement item ranges from 0.236 to 0.695 and is significant for α=0,05. This Pearson correlation value 

indicates that the questionnaire is valid. This questionnaire also has high reliability. This is shown 

through the Cronbach's Alpha value of 0.612, which is higher than 0.5.  

Description of Mathematical Assessment Beliefs 

The descriptive analysis results of the closed-ended question questionnaire are shown in Table 2. 

The average score of unproductive beliefs is 4.15. This means that pre-service elementary school 

mathematics teachers hold unproductive beliefs when it comes to mathematics assessments. The score 

on productive belief is 5.16. This also shows that pre-service elementary school mathematics teachers 

hold productive beliefs regarding mathematics assessments. The average score for productive beliefs is 

higher than the average score for non-productive beliefs. This means that pre-service elementary school 

mathematics teachers are more likely to hold productive beliefs regarding mathematics assessments. In 

other words, pre-service elementary school teachers hold productive beliefs regarding mathematics 

assessments at a rate that is higher than their conviction of unproductive belief. 

Table 2. Pre-service elementary school mathematics teachers’ belief on mathematics assessment based on the 

close-ended question questionnaire 

 Min. Max. Mean Std.Dev 

Unproductive Belief 1.40 5.60 4.15 0.79 

Productive Belief 3.00 6.00 5.16 0.53 
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However, the fact that the mean score of unproductive belief is higher than 4 indicates that pre-

service elementary school mathematics teachers also have a high rate of unproductive belief.  This means 

that even though they incline towards the productive belief, the pre-service teachers hold both productive 

and unproductive beliefs. 

Based on Table 1, the mean value on P1, 4.57, is lower than the mean value of P7, 5.14. This 

indicates that pre-service elementary school mathematics teachers tend to have more productive belief 

than unproductive beliefs. In terms of the types and strategies of mathematics assessment, pre-service 

elementary school mathematics teachers also tend to hold productive beliefs. This is seen through the 

mean value for P9 (productive belief) that is higher than the mean value for P3 and P4 (unproductive 

belief). Likewise, in terms of the usage of assessment results, pre-service elementary school mathe-

matics teachers tend to have productive beliefs. This can be seen through the mean value of P10 

(productive belief) which is higher than the mean value of P5 (unproductive belief). 

Table 2 shows the open-question questionnaire analysis results. There are three open-ended 

questions in the questionnaire: What do you think an assessment is, and what is its purpose? (Q1), What 

type of assessment is suitable for the purpose of learning mathematics? (Q2), and What will you do with 

the assessment results acquired? (Q3). The analysis results of the open-ended questions show a negative 

correlation to the results of the closed-ended question questionnaire above. In Table 2, it is seen that 

based on the question of an assesment’s purpose (Q1), the frequency of pre-service elementary school 

mathematics teachers having unproductive belief is 60. This is higher than the frequency of productive 

belief regarding an assessment’s purpose of 11. This means that pre-service elementary school mathe-

matics teachers tend to have unproductive belief regarding the purpose or nature of assessments. 

Likewise, in terms of assessment types and strategies, pre-service elementary school mathematics 

teachers tend to hold unproductive belief. The frequency of Q1 is higher for unproductive belief than 

for productive belief. Meanwhile, in regard to the usage of assessment results, pre-service elementary 

school mathematics teachers tend to have unproductive belief. The frequency of Q3 statements is higher 

for unproductive belief (47) than for productive belief (24). 

The analysis results of the open-ended questionnaire show that pre-service elementary school 

mathematics teachers tend to have unproductive beliefs regarding mathematics assessment. This finding 

is negatively correlated with the results acquired from the closed-ended questionnaire. 

Table 2. Belief in Mathematics Assessment based on the Open Questionnaire 

Belief Question Sample Response Freq 

Unproductive 

Belief 

Q1 Assessment is an evaluation on students done through assignments or 

exercises which are useful for measuring the extent to which children 

understand the material taught. 

60 

Q2 In my opinion, essay questions are suitable because the teacher can see 

the mathematics process done by the students. 
51 

Q3 It provides opportunities for students to know themselves better and fix 

their mistakes. 
47 

Productive 

Belief 

Q1 Assessment is a systematic form of evaluation that is carried out after part 

or all the learning materials has been learned. The aim is to evaluate 

student development and as evaluation for the teacher themselves in the 

teaching process. 

11 

Q2 There are many assessment forms that can be used in mathematics such 

as multiple-choice, matching, short answers, independent practice, 

teaching aids and so on, but an assessment in the form of short 

descriptions is adequate for knowing the students’ ability to answer 

questions (and the process of finding said answer). Other types of 

assessments that can be related to other subjects, such as art (drawing, 

creating songs, etc.) or ICT (presentations with PPT, and others can also 

be used. 

20 

Q3 I will analyze and collect data to re-assess students' abilities and then help 

the students to understand parts of the lesson that may not have been 

understood well, and then conduct an assessment again. However, I also 

need analyze the way I teach and better it. 

24 
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Discussion 

Based on the results described above, the findings of this research can be grouped into two parts. 

The first finding is the instrument used to measure belief in mathematic assessments. The use of the 

categorization system from NCTM (2014) and the validation approach with confirmatory factor analysis 

(CFA), Pearson's Moment-product statistics and Cronbach's Alpha resulted in 8 items used in the final 

instrument to measure belief in mathematics assessment. These eight items measure two aspects of 

mathematical assessment beliefs: the productive belief (three items) and unproductive belief (five 

items). Productive belief means that the assessment supports effective teaching and learning. Mean-

while, unproductive belief means that the assessment is seen only as a tool for measuring achievement, 

which limits students to important math content and practices (National Council of Teachers of 

Mathematics, 2014). This division of beliefs is based on the issue of assessment reform, which is to 

encourage assessment that supports effective teaching and learning (Baird et al., 2017; Barnes & Marks, 

2013; Dixon & Haigh, 2009; Suurtamm et al., 2016; Suurtamm & Koch, 2014; Zhao et al., 2016). This 

means that this instrument is suitable to be used to analyze the beliefs of pre-service elementary school 

mathematics teachers in relation to the assessment reform project. This instrument differs from the belief 

instruments or assessment conception used by previous studies. The TCoA instrument analyzes four 

aspects of belief: improvement (used to evaluate learning processes), school accountability (used to 

evaluate schools), student accountability (used to hold students accountable for their actions), and 

irrelevance (assessments may be deemed fundamentally irrelevant to the professional and personal lives 

of teachers and students) (Brown, 2006; Brown & Remesal, 2017). When compared with TCoA and 

SCoA, this instrument focuses more specifically on the context of mathematics teaching and learning, 

while TCoA and SCoA has a wider scope, focusing on the assessment system. TCoA, for example, 

focuses on broader aspects up to the context of school accountability, while the instrument used in this 

research does not. Meanwhile, when compared to QMCoA, the instrument used here has similarities in 

terms of focus: the QMCoA also focuses on aspects concerning the teaching and learning process 

(Remesal, 2011). However, QMCoA specifically tests assessment beliefs based on the view that 

assessing is an act of giving accreditation or certification of learning outcomes and accountability. This 

is not the case in this study. In addition, when looking at assessment beliefs, TCoA, SCoA and QMCoA 

only focuses on the goal, or aim, of the assessments themselves. The instrument used in this research, 

on the other hand, also considers belief in the use of the assessment results, types, and strategies.   

The second finding is the results on the assessment beliefs held by pre-service elementary school 

mathematics teachers. Based on the close-ended question questionnaire, pre-service elementary school 

mathematics teachers tend to hold the productive belief in assessment as opposed to the unproductive 

belief. Meanwhile, the results of the open-ended question questionnaire show the opposite. This means 

that pre-service elementary school mathematics teachers tend to have mixed beliefs, both the productive 

and unproductive. This mixed belief may indeed occur, as previously revealed in previous research 

regarding the beliefs of pre-service teachers and mathematics teachers (Beswick, 2012; Felbrich et al., 

2012; Tang & Hsieh, 2014; Yang et al., 2020). A number of other studies on the topic of the beliefs of 

pre-service teachers and mathematics teachers have also shown the possibility of a teacher holding 

mixed or inconsistent beliefs (Op’t Eynde et al., 2002; Xenofontos, 2018). Many previous research 

convinces the existence of the relation between assessment belief and teaching and learning belief.  It 

means this mixed belief affects by their mixed beliefs in mathematics, teaching and learning 

mathematics. Chen & Brown research (2016) shows that tension between transmissive learning and the 

learning which centered to the students to affect the assessment. Nevertheless, furthermore research is 

needed to strengthen this analysis. 

Moreover, the previous research shows the belief of teacher and pre-service teacher affected by 

Education policy (Brown et al., 2015; Brown & Remesal, 2012; Gebril & Brown, 2014). 2013 

curriculum supported productive assessment policy, even though not all the policies has been done and 

implemented well yet, especially in assessment. The evidence can be seen in assessment approaching in 

text book that school use, because the text book is the practical evidence of policy implementation 

(Lepik et al., 2015; Pepin et al., 2013; Viholainen et al., 2015). The result of the research about the 

textbook that being use in 2013 curriculum shows that not all the textbooks are using the productive 

assessment well yet. For example the implementation of authentic assessment (one of the productive 

assessment form), the text book did not covers all of the required elements (Adi, 2017; Ferryka, 2017; 
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Maryati et al., 2019). Therefore, practically mathematics assessment still done in mixed way. However, 

further research is needed to strengthen this analysis.  

Based on the results and discussions, this research can contribute to the study of assessment 

beliefs in two ways. First, this study proposes an instrument to measure mathematic assessment belief 

that is different from the instruments used in previous studies. This study proposes an instrument that 

can test beliefs in mathematic assessments based on productive and unproductive aspects. This aspect 

is very important to measure because it is directly in line with the issue of mathematics assessment 

reform (Baird et al., 2017; Dixon & Haigh, 2009; Leslie, 2013; Suurtamm et al., 2016; Suurtamm & 

Koch, 2014; Zhao et al., 2016). Second, this study describes and reveals that pre-service elementary 

school mathematics teachers tend to hold mixed beliefs about mathematics assessment. In addition to 

the fact that these teachers tend to hold mixed beliefs, these results also indicate an inconsistency in 

beliefs held by pre-service elementary school mathematics teachers. Further research will be needed to 

discuss this issue more extensively.  

Regardless, this study has its limitations. The above findings should be reviewed while consider-

ing the following limitations: the instrument construction approach (questionnaire) has several draw-

backs. The statement items have not been elaborated more extensively. These items are directly drawn 

from the theoretical constructs of National Council of Teachers of Mathematics (2014), which means 

that this theoretical construct may not be very operational. In addition, the limited number of statement 

items means that when an item does not pass the statistical test, the aspect that the item was supposed 

to analyze becomes forgotten and unexamined. For example, P8, a statement regarding the timing of the 

assessment on the category of productive confidence, does not pass the statistical test. As a result, the 

categorization of aspects of confidence based on the time of the assessment was not present in the 

questionnaire. Another limitation is concerning the construction and validation of statement items. This 

study did not use the EFA (Exploratory Factor Analysis) approach. Although the factor construction has 

been carried out theoretically, the use of EFA will help in further elaborating possible factor categories 

that differ from the theoretical framework. In addition, the small amount of sample is also a weakness 

in this study. The results, findings and limitations of this study have implications for further research. 

Further research needs to test the instrument constructed and introduced in this study. This is needed so 

that researchers can have an instrument that is valid and reliable. Also, the reasons behind the mixed or 

inconsistent beliefs needs to be investigated further. 

Conclusion 

First, it is possible to construct an instrument that measures belief regarding mathematical 

assessments using aspects of productive beliefs and unproductive beliefs. This instrument consists of 

eight statement items and has good validation based on confirmatory factor analysis (CFA), Pearson's 

moment-product correlation and Cronbach's Alpha. Second, pre-service elementary school mathematics 

teachers hold mixed beliefs regarding mathematics assessment. This conclusion is reached due to the 

results of the open-ended question questionnaire and the close-ended question questionnaire showing 

different belief tendencies. 

The practical implication of these findings is that there needs to be a conscious effort to change 

the beliefs of pre-service elementary school mathematics teachers regarding mathematics assessments. 

This is important because various theories and previous studies have shown that the trajectory of 

educational practice, in this case mathematics assessment, is determined by teacher beliefs. 
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