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Abstract. Mathematics teacher beliefs are one of the mental models that are
important for teachers to have in teaching mathematics. Three important aspects
of mathematics teach- er beliefs are beliefs about the nature of mathematics
(BNM), beliefs about the teaching of mathematics (BTM), and beliefs about
assessment in mathematics learning (BAM). This study aims to determine the
effect of BNM on BTM and BAM in elementary school teachers who teach
mathematics. Data was collected using a mathematics teacher beliefs
questionnaire and its validity was tested. Data processing and analysis uses the
PLS-SEM method. The results showed that there was a direct and significant
effect of BNM on BTM. The direct effect of BNM on BAM is very low. BTM
acts as a moderating variable between BTM and BAM which provides a positive
and significant indirect effect of increasing BNM on BAM. 0

Keywords: Mathematics Teacher Beliefs, Teaching Mathematics, Teacher
Knowledge.

1 Introduction

The practices carried out by teachers can be influenced by the teacher's mentality which
is a belief system about teaching and learning mathematics [2]. This is what became
known as Mathematics Teacher Beliefs (MTB). Several studies have shown that
teachers' beliefs in mathematics can have an impact on the learning they manage [1],
[3], [4]. MTB is considered to be a mediating effect for knowledge of mathematics
content and teachers' attitudes towards learning [5], has a significant relationship
between PCK and learning practices [6], has a correlation with the teacher's teaching
style [1], [2], and can have an effect on students' beliefs about the mathematics they
teach [7]. So that the teacher's beliefs, knowledge of what is taught, and the learning
practices carried out by the teacher are considered as the Trichotomy of Mathematics
Teacher Education [8].

There are three important aspects in MTB including beliefs about the nature of
mathematics (BNM), beliefs about the teaching of mathematics (BTM), and beliefs
about assessment in mathematics learning (BAM) [1], [3], [4]. BNM believes that
Mathematics itself is a collection of facts, concepts and rules that are static and
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integrated, but solving mathematical problems is dynamic and open along with the
process of human investigation and discovery [2], [9].

BTM describes the teacher's belief in the importance of teaching mathematics and
the teacher's belief in the importance of helping students to learn mathematics correctly
[10]. While BAM is the belief that in learning mathematics it is necessary to have an
assessment to determine the effectiveness of the learning being carried out [11].
According to Ernest (1989) The relationship between these three aspects is described
in Fig. 1.
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Fig. 1. Relationship between aspects of MTB
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Beliefs about the nature of mathematics (BNM) is a teacher's mental in
teaching mathematics and conducting assessments in learning mathematics. BNM is
also an aspect of CFR that has an influence on learning practice so that it has an impact
on the teacher's assessment [11], [12]. BNM can also be considered to have direct
influence on BAM or BTM [13]. BTM is also considered to be able to influence BAM
so that it is possible to be a moderating (intermediary) variable that explains the
relationship between BNM and BAM [12]. Thus Fig. 1 can become Fig. 2.
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Fig. 2. The relationship BTM as a mediating variable to BNM and B

Several studies in several countries have found that MTB has an influence on the
quality of teaching teachers and their attitudes towards mathematics [3], [5], [22],[27],
[14], [21]. The results show that teachers who have better beliefs about what they teach
tend to make the quality of learning better than teachers who have lower beliefs.

However, research related to this has never been conducted on elementary school
teachers in Aceh, so there is no information about the relationship between MTB for
existing elementary school teachers. This is what prompted researchers to conduct a
study to find out the relationship between MTB aspects for teachers so that they can
provide information about the relationship between each aspect. The information can
be used as a consideration in education and training involving elementary school
teachers.
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2 Method

This research is quantitative research. Data were collected randomly using a MTB
questionnaire that had been developed and verified by [3]. The questionnaire consisted
of 30 items covering 3 aspects of MTB, namely BNM consisting of 9 items, BTM 11
items, and BAM 10 items. Data collection was carried out by visiting SD/MI
(Elementary School/Islamic Elementary Madrasa) in Banda Aceh City and sharing
them online. Samples that meet the requirements are teachers who teach mathematics
or class teachers who also teach mathematics in their class. After collecting and
selecting data, 315 samples were obtained and 171 met the requirements for further
analysis. Processing and data analysis using the Partial Least Square-Structural
Equation Modeling (PLS-SEM) method with SmartPLS 3.

Based on the theory that has been described previously, the model path diagram is
present on Fig. 3.
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Fig. 3. Model path diagram of the relationship between BNM, BTM, and BAM

Based on the path diagram model the exogenous variables are BNM while the
endogenous variables are BTM and BAM. The problems analyzed in this study are;
1. How does BNM affect BTM?
2. How does BNM affect BAM?
3. What is the effect of BTM as a moderating variable between BNM and BAM?

The criteria for data analysis use the criteria specified in the PLS-SEM, known as
the PLS-SEM rule of thumb [4]. Data analysis in PLS-SEM includes two parts, namely
the outer model and the inner model. The outer model is the relationship between
variables (BNM, BTM, and BAM) with each indicator. This is to see whether each
indicator can explain the variable. The inner model is used to see the relationship
between exogenous and endogenous variables. The inner model is also known as the
structural model. The test criteria are in accordance with the Ta The outer model describes

the relationship between variables (BNM, BTM, and BAM) and each indicator as presented at
Table 1.

Table 1. Test criteria

NO Analisis Kriteria
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Outer Model
1 Convergent validity test > 0.5 is valid
This test uses the analysis Average Variance If the AVE value is < 0.5, the test is
Extracted (AVE), AVE is used to measure still valid if composite reliability and
the ability of latent variables to explain the cronbach's alpha > 0.7
variance of the indicators.
2 Composite Reliability > (.7 is reliable
Composite reliability is used to measure the
reliability of each indicator on a latent
variable
3 Reliability test > (.7 is reliable
The reliability test is used to see the
reliability of each item of the instrument
used. Testing uses Cronbach’s alpha
Inner Model
4 Analyzing path coefficients to determine > 0, the closer to 1 the better
direct effects between variables, calculating
indirect effects from moderating variables,
as well as the total effects produced due to
moderating variables
5 Evaluation of structural models > (.75 substansial,
Test this by analyzing the output of R? 0.25 < R? < 0.74 moderate
R? is to measure the strength of the influence < 0.25 weak
of latent (exogenous) variables on
endogenous variables

6 Measuring the effect of exogenous variables  0.02 small
to endogenous variables. This test uses the 0.15 medium
output value 2 (effect size), 0.35 large
3 Results and Discussion

1.1 Outer Model Analysis

Analysis of the outer model aims to determine the relationship between latent variables
and the indicators as presented in Table 2.

Table 2. Outer model test results

AVE Composite Reliability Cronbach’s alpha
BNM  0.589 0.934 0.922
BTM  0.446 0.839 0.790
BAM  0.444 0.891 0.861

The AVE value in Table 2 shows that the AVE value is < 0.5. However, this can be
accepted by considering the composite reliability and cronbach alpha values > 0.7, so
it can be said that the relations between the variables and their indicators is valid and
reliable so that they can be used in analyzing the relationships between the variable in
question [29], [30]
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1.2 Inner Model Analysis

Inner analysis is a structural analysis to determine the influence of exogenous variables
on endogenous variables. Figure 4 shows the analysis results on the path diagram
carried out.
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Fig. 4. Path analysis results

To analyze the inner model, the first is to evaluate the significance of the relationship
between constructs/variables. This is shown by the path coefficient value which
describes the strength of the relationship between constructs/variables in the model.
The value of the coefficient path according to the resulting model is presented as Table
3.

Table 3. Path coefficient values

BAM BNM BTM
BAM
BNM 0.091 0.691
BTM 0.709

The increase in BNM has a direct effect on BAM which is shown in Table 3 is 0.091
or 9.1% positively. This effect is classified as very low. On the other hand, increasing
BNM has a relatively high direct positive influence of 0.691 or 69.1% on increasing
BTM. This means that an increase in BNM will increase BTM by 69.1%. BTM also
has a direct effect on increasing BAM by 0.709 or 70.9%. This means that every
increase in BTM has an effect on increasing BAM by 70.9%. BTM which acts as a
mediating variable between BNM and BAM also shows a different influence. If the
direct effect of BNM on BAM is low, namely 9.1%, then the indirect effect of BNM on
BAM with BTM as a moderating variable gives different results as an indirect effect as
shown in Table 4.

Table 4. Indirect effect
BAM BNM BTM

BAM
BNM 0.490
BTM




Beliefs about the Nature of Mathematics 47

The values in Table 7 show that BNM has an indirect effect through BTM on
increasing BAM by 0.490 or 49%. This is very different from the direct effect of BNM
on BAM which is shown in Table 3. Without the BTM as a moderating variable, BNM
has a small influence, it's only 9.1%, while the presence of BTM as a moderating
variable has a large influence (49%) on increasing BAM, so it can be concluded that
BTM is important to improving BAM for teachers. The BTM as a moderating variable
can strengthen the effect of BNM on increasing BAM.

Furthermore, total effect analysis was carried out to assess the total effect of a
variable on other variables either directly or indirectly. The total effect is presented in
the Table 5

Table 5. Total effect

BAM BNM BTM
BAM
BNM 0.581 0.691
BTM 0.709

With the resulting total effect value, it can be stated that the total effect of BNM on
BAM, both directly and indirectly affects is 0.581 or 58.1%. This value comes from the
sum of 9.1% of the direct effect (path coefficient) and 4.90% of the indirect effect. By
considering the value of the total effect, it can be seen that increasing BNM has an effect
of more than 50% on increasing BAM and BTM.

The next test on the inner model is to test the structural model. Structural model
testing using R? is used to measure the effect of BNM on BTm and BAM. The value of
R?is presented in Table 6.

Table 6. R? results

R Square R Square Adjusted
BAM 0.600 0.595
BTM 0.477 0.474

Based on Table 6 it can be stated that BNM can have a positive influence on BAM
by 60% and 47.7% on BTM. With an R Square Adjusted value that is close to the R?
value, it can be said that BNM as an exogenous variable has a positive influence on
increasing BAM and BTM as an endogenous variable in the moderate category To see
whether the effect is substantive, it is continued by looking at the value of 2 (effect
size), considering that there is a mediating variable between BNM and BAM. Table 7
below shows the value of 2.

Table 7. Effect size (f2)
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BAM BNM BTM
BAM
BNM 0.011 0.913
BTM 0.657

Based on the values in Table 7, it shows that BNM has a large direct effect on
increasing BTM (0.913) but has a weak effect on directly increasing BAM (0.011). The
existence of BTM as a moderating variable between BNM and BAM has a significant
effect on increasing BAM so that the effect is larger (0.657) and falls into the large
effect category. So it can be said that BTM as a moderating variable has a strategic role
in increasing BAM.

Analysis of effect values in the outer model and inner model needs to be compared
with the test results using bootstrapping. Bootstrapping analysis includes assessing the
level of significance or probability of direct effects, indirect effects, total effects, and
R2. A summary of the results of bootstrapping significance is shown in Table 8

Table 8. Bootstrapping result

Category p value level of significance

Total effects 0.000 significance

R? 0.000 significance

2 0.643 for effect BNM to BAM not significance
0.01 for effect BNM to BTM significance

Based on Table 8, it shows that the test value is significant for the total effect and R
There is one value that is not significant, namely the direct effect () of BNM on BAM.
This also confirms the low effect size results in Table 7 which shows that the direct
effect of BNM on increasing BAM is very low.

The analysis results obtained from the outer model and inner model showed
that the effect of BNM (beliefs about the nature of mathematics) on BTM (beliefs about
teaching mathematics) is positive and is in the moderate category but the direct effect
of is very low on BNM (beliefs about the nature of mathematics) on BAM (beliefs
about assessment in learning mathematics) which means that increasing beliefs about
the nature of mathematics does not have a significant effect on increasing beliefs about
assessment in learning mathematics. Different results were shown when beliefs about
teaching mathematics became a moderating variable between beliefs about the nature
of mathematics and beliefs about assessment in learning mathematics. Beliefs about the
nature of mathematics which have a positive effect on increasing beliefs about teaching
mathematics can indirectly have a significant effect on increasing beliefs about
assessment in mathematics learning.
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2 Conclusion

4.1 The effect of beliefs nature of mathematics on beliefs about teaching of
mathematic

The results of data analysis show that beliefs about the nature of mathematics have a
positive effect on beliefs about teaching mathematics. This is in accordance with the
assumption that mathematics teacher beliefs, one aspect of which is beliefs about the
nature of mathematics, are important things that can influence teachers in managing
their learning [5]. This is because beliefs about the nature of mathematics are the basis
for teachers' mental models in understanding and teaching mathematics [6] and can
encourage learning practices that respect mathematics as a habit of mind and understand
and appreciate the role of mathematics in human affairs [7].

For elementary school teachers with different educational backgrounds, it is
very important to consider what they believe about mathematics when teaching,
because what teachers believe about mathematics has a significant correlation with
what they teach [8], [9] and to feel satisfied with the learning carried out and motivate
the achievement of learning outcomes and better interactions in the classroom [10]. A
major concern for teacher education programs is the fact that primary school teachers
are thought to often lack confidence in their understanding of the nature of the
mathematical concepts being taught, which has an impact on the quality of the
assessments carried out. [11]. Therefore increasing beliefs about nature of mathematics
for teachers can encourage a metacognitive ability to control cognitive aspects in
solving mathematical problems, designing mathematics learning for teachers, and being
able to change situations that are not pleasant in learning into something fun [12]. It
must be acknowledged that mathematics practiced in the classroom is different from
the practice of mathematicians in finding a theory or application, so it is recommended
that beliefs about the nature of mathematics can be considered to accommodate possible
differences in views about this matter and school mathematics can be more focused
[13].

4.2 The beliefs nature of mathematics and its effects on beliefs about
assessment

Assessment in mathematics learning has an important role to provide information to
teachers, parents and students regarding the mathematical abilities that have been
achieved and to help make improvements and improve them in the future [14], [15].
Until now there is no information regarding the direct relationship between beliefs
about the nature of mathematics and beliefs about assessment in mathematics learning
among teachers. Some existing research is always related to the teaching and learning
process. It can be understood that the assessment carried out by teachers regarding
knowledge of concepts, rules or mathematical skills is very dependent on learning
activities. This strengthens the results obtained in this research that the direct
relationship between beliefs about the nature of mathematics and beliefs about
assessment in learning mathematics is very weak.
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4.3  The effect of beliefs teaching mathematics as moderating variable on beliefs
nature of mathematics and beliefs about assessment in mathematics
learning

The research results show that beliefs about the nature of mathematics has a weak direct
effect on beliefs about assessment in mathematics learning, but this effect becomes
strong when beliefs about mathematics teaching become a moderating variable for
these two variables. This illustrates that increasing beliefs about the nature of
mathematics can have an indirect effect on increasing teachers' confidence in providing
assessments in mathematics learning. This strengthens the assumption that there is a
relationship between beliefs about mathematics, especially beliefs about the nature of
mathematics, learning, and assessments carried out by teachers in mathematics
learning. [16]. Beliefs about assessments carried out in learning play a role in forming
an example of how to apply mathematical facts or rules in solving everyday problems.
So mathematics can be considered to provide benefits to make life better in the future.

For elementary school teachers, assessment is not just part of the learning
process as a student assessment [17], but it also includes a sense of responsibility
towards the students' parents [18]. This encourages teachers' belief in the importance
of assessment to be greater as part of putting into practice the knowledge acquired by
students in their lives. Very important for teachers to consider the nature of mathematics
in learning. Because this can construct beliefs regarding the mathematics assessments
carried out in learning [19].

The results of this research support the idea that we must at the same time pay
more attention to how the education program for prospective mathematics teachers
must be modified [20] by encouraging beliefs about mathematics that can be used as
one of the materials in educational and training activities for mathematics teachers or
teachers. who teaches mathematics in elementary schools [13]. This is because
confidence in what teachers teach can be influenced by their education, so this is
important to pay attention to in better mathematics teacher education programs in the
future. [21], [22]

This research has implications for understanding that increasing teachers'
mathematics beliefs, especially beliefs about the nature of mathematics, can have an
impact on teachers' teaching abilities and classroom management, including the
assessments they carry out. So this can be a concern in the education of prospective
teachers or training related to teaching mathematics. It is hoped that increasing
knowledge about mathematics and its learning can be accompanied by an open
awareness of beliefs about the nature of mathematics, the importance of mathematics,
and the use of mathematics in everyday life.
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