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Abstract

Research in mathematics education has shown that individuals' beliefs play a fundamental role in their responses
to and interest in mathematics and their application of these beliefs in real-life situations. Although the literature
related to the affective domain in general, and beliefs, has explored the relationship between beliefs and student
educational level, there still needs to be a research gap regarding the empirical testing of this variable in the
context of secondary mathematics education in Chile. Therefore, the present study, with a quantitative and
exploratory methodology, aims to fill this gap by adapting the Mathematics-Related Beliefs Questionnaire MRBQ
to describe and analyze students' beliefs in mathematics at two levels of secondary education. The main results
of the study indicate that mostly positive beliefs are observed in the three types of beliefs studied: Beliefs about
the social context, about self-concept, and mathematics education, highlighting the dimension of beliefs about
the social context or classroom environment, in which students showed a highly positive perception of the role of
the mathematics teacher.
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Nowadays, mathematics curricula incorporate affective components in an integrated way with the
knowledge and skills of the discipline. In the case of Chile, the construction of the new curriculum for
secondary education, according to the Chilean Ministry of Education (Mineduc, 2019), includes the
previous experiences that the school system has been incorporating, adapts to new disciplinary
knowledge, the innovations that are constantly occurring in pedagogical matters and the demands on the
education system.

The importance of including the affective domain is supported by research that assures that the
performance of teachers and students depends not only on their level of knowledge, but also on their
beliefs, attitudes and perceptions regarding learning and the role they both play in the learning process
(Attard et al., 2016; Rojo et al., 2018; Hannelotte et al., 2017; Grootenboer & Marshman, 2016). Thus,
positive or negative beliefs about their ability to teach, in the case of the teacher, affect them as an
educator, and beliefs about learning, in the case of the student, affect their future and affect their
performance (Xie & Cai, 2020; Hidalgo et al., 2014, 2015; Wong et al., 2016; Hoffman, 2010; Erazo-
Hurtado & Aldana-Bermudez, 2015; Gamboa & Moreira, 2017; Staub & Stern, 2002; Liliedahl et al.,
2012). There has also been considerable research associated exclusively with teachers' belief systems,
since it is they who create the learning opportunities and crucially influence the achievement of students'
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educational goals (Vasquez et al., 2020; Videla et al., 2019; Tursucu et al., 2018; Paternina & Quessep,
2017, Baumert & Kunter, 2013; Vesga-Bravo & De Losada, 2018).

While we would like both mathematics teachers and their students to have positive beliefs about
mathematics and the teaching and learning of the discipline, many shared beliefs do not seem to be the
case. The literature has indicated that students believe that mathematics is meaningless and is not
understood by many of them (Castro-Velasquez & Rivadeneira-Loor, 2022); knowing math is being able
to solve problems (Montero et al., 2015); that any mathematical problem should be solved in five minutes
or less, or school math has nothing to do with the real world (Schoenfeld, 2016); and knowing
mathematics means following the rules proposed by the teacher (Alastre & Borjas, 2017). In terms of
beliefs about the role of teachers and the way they teach, there are two very different views. For many
students, the mathematics teacher is a provider of knowledge, from whom they must learn everything
they are taught, while the second view sees the teacher as a conduit who facilitates students' learning by
giving meaning to what they are learning (Rojo et al., 2020). In the context of trainee teachers, Segarra
and Julia (2022) found that undergraduate students in primary education have low levels of efficacy
beliefs in mathematics teaching.

Based on research on beliefs in mathematics, there is no doubt that they constitute an important
element of knowledge of the affective domain. However, there are large differences between the
approaches working on the topic. Mostly because of cultural differences and because of the focus, which
to a lesser extent is on students and, moreover, on secondary education.

The present research was based on the proposition that beliefs are the implicit or explicit
conceptions that students hold as true that influence their learning of mathematics and problem solving
(Op't Eynde et al., 2002). With this work we intend to contribute by carrying out a study on types of beliefs
in mathematics in four groups of Chilean students.

In this context, the questions that guided our research were the following: what similarities and
differences exist in the types of beliefs towards mathematics among secondary school students? do
beliefs change according to the level of study? what are Chilean students' beliefs about the role of the
mathematics teacher? What are their beliefs about their personal competence as learners and about the
relevance of mathematics education? and what are their beliefs about their personal competence as
learners and about the relevance of mathematics education? Based on these questions, the following
objectives were established.

The general aim of the study is to describe and analyze types of mathematical beliefs of first- and
third-year secondary school students in a region of southern Chile. While the specific objectives are:

1. Analyze students' beliefs about the social context or classroom environment.
2. Analyze students' beliefs about self-concept
3. Analyze students' beliefs about mathematics education

The importance and emphasis on the topic of beliefs in mathematics is not only assumed and
accepted by instructional curriculum developers, but extends across the spectrum of international
assessments, such as the PISA assessment. It provides important information for participating countries
on education outcomes related to mathematical competence and survey information on beliefs that
predispose students to use their mathematical competence (OECD, 2018).

Belief System in Mathematics

The theoretical framework for this research is based on the authors of De Corte et al. (2002), who present
a framework of belief systems in mathematics, which are constituted by beliefs about the context, beliefs
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about themselves and beliefs about mathematics education, as shown in Figure 1.

Mathematics as a discipline

Students’
mathematics-

Self Self

e
e

Social context e »
— L related beliefs

Students’ mathematics-

related beliefs Social context

Mathematics education Mathematics education

Figure 1. Representation of the structure of belief systems (De Corte et al., 2002)

In Figure 1 and to the left are the dimensions, illustrated by a triangle with the corners: mathematics
education, social context (the classroom) and the self (De Corte et al., 2002, p 27). In Figure 1 on the
right: an expansion of the triangle on the left side to a tetrahedron, the dimension above the triangle
illustrates mathematics as a discipline.

METHODS

The research is descriptive, with quantitative and exploratory methodology (Hernandez et al., 2014),
applied at the end of the second semester of 2019, to a non-probabilistic sample, by convenience (Patton,
2002), made up of 92 secondary school students in a region of southern Chile.

The sample examined 39 girls and 53 boys, from the same public school. As for the distribution of
students by academic years, 58.7% of them were in the first level of secondary education (13 years old)
and 41.3% were in the third level (15 years old).

Data Collection Instrument

To describe and analyse students' beliefs in mathematics, an adaptation of the Mathematics-Related
Beliefs Questionnaire (MRBQ), developed at the University of Leuven (Op’t Eynde & De Corte, 2003)
was developed in order to apply it to the Chilean educational context. This assessment instrument
considered three types of beliefs according to Op't Eynde et al. (2002): beliefs about the social context,
beliefs about oneself and beliefs about mathematics education. The original instrument consisted of 40
items. To complement and improve the original scale, four more items were added.

Validity and Reliability

All items were submitted to a content validation by eight experts in the field (Hyrkés et al., 2003),
considering an 85% congruence between their answers, to accept as valid, the proposition on belief, and
after its pilot application, the scale consisted of 44 items. The construct validity was also verified by factor
analysis, the homogeneity of the sample by means of the non-parametric Mann Whitney U test. The
internal consistency of the instrument was checked using Cronbach's alpha coefficient, which was 0.92
and it is considered high according to the authors Carvajal et al (2011) whose acceptable margin for
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reliability coefficients is between 0.7 and 0.9. A detailed analysis of the items was carried out, including
the difficulty and discrimination of each item. The average difficulty was 0.44 and the average
discrimination 0.48.

Data were collected through the application of the mathematics beliefs questionnaire in four
secondary school classes, in a single session and for 120 minutes. Tables 1, 2 and 3 below show the
types of beliefs about the classroom environment or social context (16 items), self or self-concept (16
items) and discipline or mathematics education (12 items) that made up the questionnaire, which were
measured with a Likert scale of five response instances: (5) strongly agree, (4) agree, (3) indifferent, (2)
disagree, and (1) strongly disagree, which were grouped into positive (strongly agree and agree), neutral,
and negative (disagree and strongly disagree) terms.

Table 1. Beliefs about the Social Context or Classroom Environment

Question

Q1 Ourteacher thinks that mistakes are OK and good for learning.

Q2  Our teacher pays attention to how we feel in mathematics lessons.

Q3  Ourteacher explains why mathematics is important.

Q4  Our teacher first shows step by step how we should solve a specific problem, and before that he gives
us similar exercises.

Q5  Ourteacher wants us to feel at ease when we learn new things.

Q6  Ourteacher understands the problems and difficulties we experience.

Q7  Ourteacher listens attentively when we ask questions or say something.

Q8  We do alot of group work in class.

Q9  Ourteacher gives us time to really explore new problems and try to get strategies for solving them.

Q10  Our teacher is happy when we try hard, even if our results are not good.

Q11 Our teacher is very nice to us.

Q12  Our teacher tries to make math’s lessons interesting.

Q13  Our teacher thinks he is the best at knowing all things.

Q14  Our teacher wants us to understand the content of the math’s course, not memories it.

Q15 | am not allowed to ask my classmates to help me with my homework.

Q16  Our teacher does not care about our feelings in class, because he/she is totally absorbed in the content
of the mathematics course.

This type of belief about the classroom context or environment refers to the students' perception
of the role of the mathematics teacher. It refers to the way in which they perceive the degree of motivation
of the teacher in the class, the way in which the teacher-student interaction takes place, and even the
way in which the mathematics class is taught. The Cronbach's alpha coefficient of this type of belief was
0.85, which is considered highly favourable, but lower than the original coefficient of the study (a = 0.92).

Table 2. Beliefs about Self-Concept

Question
Q17 | amonly satisfied when | achieve good grades in mathematics.
Q18 Ithink | will be able to use what | have learned in mathematics and in other courses.
Q19  Ithink | will get an excellent grade in mathematics this year.
Q20 To be the best and to control mathematics, | want to show the teacher that | am better than many other
students.
Q21  Ilike to do mathematics.
Q22 | hope to achieve a good result in math’s papers and exams.
Q23 |want to do well in mathematics and show the teacher that my classmates are as good as me.
Q24 | can understand the mathematics course material.
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Q25 Mathematics is an important subject for me.

Q26 | prefer mathematical tasks; | try hard to find a solution.

Q27 Ican understand even the most difficult things we are given in mathematics class.

Q28 My main concern when | learn math is to get good grades.

Q29 If Iwork hard, then | can understand all the material in the mathematics course.

Q30 When I have a chance, | choose the mathematics tasks that | can learn, even though | am not sure |
will get a good grade.

Q31 | am very interested in mathematics.

Q32 Considering the level of difficulty of our mathematics course, the teacher, my skills, and my knowledge,
| am confident that | will achieve a good result in mathematics.

This type of self-belief considers the self-concept as a mathematics learner, i.e., their self. In
particular, itincludes the perception they have of their ability in mathematics and self-efficacy as a learner,
and how these influence the learning process. In a general way, it refers to the student's personal
competence. The reliability coefficient on this type of belief was highly favourable (a = 0.89) and was
identical to the original study.

Table 3. Beliefs about Mathematics Education

Question

Q33 Making mistakes is an important part of learning mathematics.

Q34  Working in a group makes it easier to learn mathematics.

Q35 Mathematical learning is mainly memorization.

Q36 Itis a waste of time when the teacher makes us think alone about how a new problem would be
solved.

Q37  Anyone can learn mathematics.

Q38 In mathematical problems there are different ways to arrive at a correct solution.

Q39 Mathematics enables you to better understand the world you live in.

Q40 Solving a problem requires a lot of thinking and being a smart learner.

Q41 Mathematics is ever-expanding. Much remains to be discovered.

Q42  There is only one way to think of the correct solution to a mathematical problem.

Q43 Many people use mathematics in their daily lives.

Q44  Those who are good at mathematics can solve many problems in a few minutes.

This type of belief about mathematics education refers to the relevance of mathematics,
specifically to beliefs about the nature of mathematics itself, to the process of teaching and learning the
discipline. It encompasses the characteristics of students and teachers, teaching methodologies, learning
and problem solving, and the social dynamics in the classroom. The alpha coefficient of this factor (a =
0.84) was highly favourable and higher than the original study (a = 0.65).

RESULTS AND DISCUSSION

The research data were analyzed in terms of mean scores and standard deviation of belief types in order
to reveal students' views on the relationship between beliefs and mathematics. They were subsequently
subjected to a variety of comparative analyses, using, among others, t-tests. It should be noted that the
scale used is a five-point scale, where 5 is positive, 3 corresponds to neutrality and 1 is negative.

Table 4. Mean and Standard Deviation per Grade Associated with each Belief Type
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Type of Belief Social Context Self-Concept Mathematics Education
Course first thirds first thirds first thirds
M 4,15 4,36 3,82 3,49 3,76 3,70
SD 0,87 0,85 0,53 0,47 0,78 0,70

With respect to grade, Table 4 shows that third-year students are significantly more positive than
first-year students, on the social context or classroom environment and more neutral on the remaining

two types of beliefs (p < 0.0005).
Figure 2 shows the percentage distribution of the total results for both grades and for the three

types of beliefs considered in the research: beliefs about the social context, beliefs about self-concept
and beliefs about mathematics education.

66%
19%

m positive  ® neutral negative

Figure 2. Results on Dimensions of Beliefs and Mathematics

In general, according to the results, a favourable range of 66% of all students' positive beliefs is

evident. However, the remaining 34% were neutral, considered indifferent, and disagreed and strongly
disagreed, considered as negative beliefs.

Beliefs about the Social Context

Figure 3 presents, from the mean scores, the result obtained by the first- and third-year students
regarding the belief about the context or social environment of the mathematics class.
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Figure 3. Percentage Distribution of Beliefs about the Social Context
The results show a high level of positivity regarding the statements about the social context or
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environment of the mathematics class, with an average of 70.95 % agreeing or strongly agreeing, subtly
surpassed by the third-year classes.

Beliefs about Self-Concept

The results concerning beliefs about self-concept or self-concept as a student of mathematics are
presented in Figure 4.

100%
90%
80%
70%
60%
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40%

30%
20%
10%
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67.4%

Positive

Neutral

Negative

M First M Thirds

Figure 4. Percentage Distribution of Beliefs about Self-Concept

The results for the first and third grades show an average of 61.1% positive responses. It is worth
noting that the mean number of indifferent responses, considered as neutral, was 23.25%, exceeding the

mean number of negative responses (17.15%). The grade with the highest mean for this belief associated
with the self-concept as a student of mathematics is verified in the first years.

Beliefs about Mathematics Education

Below is the average score (Figure 5) obtained by all students regarding the belief about mathematics
education in which they are trained.

The first and third grades show a positivity associated with the statements of agreement and
strongly agree, which on average reach 63.7% with respect to beliefs about mathematics education. The
average indifferent response, considered as neutral, was higher than the negative one comprising the
options of disagree and strongly disagree, with 19.55% and 16.7% respectively. According to the results,
the first grade has the highest mean for beliefs about mathematics education as a discipline (3.76), but
with a very slight difference compared to the third grade (3.70) (See Table 4).

Given the differences in academic level between the study groups considered, the similarities in
the patterns of results are striking. And although small differences were evident, all students
demonstrated high positivity in all three dimensions assessed, with belief in the social context standing
out. The high positivity in all dimensions coincides with the study on the beliefs of 3rd grade children in
Chile, in the framework of the Chile-Finland bilateral project (Tuohilampi et al., 2014) with a small

difference in favour of Finland, in terms of self-concept beliefs.

Mathematics is often perceived as difficult and many students drop out of science, technology,
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engineering, and mathematics disciplines as a result, closing doors to science, engineering, and
technology careers (Li & Schoenfeld, 2019). However, according to our results on the belief about
mathematics education, a good number of positive ratings were achieved in both study groups on this
dimension. This result is in line with that of Zakaria and Musiran (2010), whose reports indicate that the
beliefs of mathematics teacher trainees are positive about the nature of mathematics. We would have
expected the same for self-concept belief. Despite finding that the mathematical self-concept was positive
for students in general, the belief about personal mathematical competence of the third-year students
was comparatively lower than the first-year students, however, there are significant differences in favour
of our two study groups with respect to the research of Diego-Mantecon et al. (2008). The authors,
improving on a similar questionnaire analysed according to nationality, age, and gender, concluded that

in beliefs about personal competence, Spanish students are clearly positive, while English students tend
to be neutral and almost negative.

100%
90%
80%

70% 65.1% 62.3%
60%
50%
40%
30%
20% 19.1% 20.0%
10% 15.8% 17.6%
0%
Positive
Neutral
Negative
First ® Thirds

Figure 5. Distribution in Percentage of Beliefs about Mathematics Education

However, this pattern of results is inconsistent with the explanatory model used by Nagy et al.
(2010) in a study with students at six educational levels from 7th to 12th grade in Sydney, Michigan and
four states in Germany. According to the authors, convergent or divergent gender differences do not
predict differences in mathematical self-concept. Furthermore, their results indicate that self-concept
development may be very similar in Western cultural settings.

There are several factors that affect the development of self-concept positively or negatively from
childhood onwards. Determining these factors and eliminating those that have negative effects would
support the development of positive self-concept (Erdogan & Sengul, 2014).

Many different factors are also considered to affect students' mathematical self-concept (such as
mathematical achievement, mathematical attitude, motivation, parents' educational level, family socio-
economic status, the quantity and quality of instruction, the classroom environment). Studies in this area
also support the existence of a relationship between mathematical self-concept and academic

performance in mathematics (Guay et al., 2003; Marsh et al., 2005). In this sense, it would be useful to
repeat the study to understand the effects of other factors.
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CONCLUSION

The purpose of this research was to describe and analyze the types of beliefs of students from two
different levels of secondary school in public education. An adaptation of the Mathematics-Related Beliefs
Questionnaire MRBQ (Mathematics-Related Beliefs Questionnaire MRBQ) was developed in order to
apply it to the Chilean educational context. In terms of the belief assessment instrument, this research
considered beliefs about the social context, beliefs about the self and beliefs about mathematics
education. It should be noted that this is the first article that describes and analyses types of mathematical
beliefs of first and third year secondary school students in a region of southern Chile.

According to results, in general, mostly positive beliefs are observed in the three types of beliefs
studied in first year and third-year secondary school students. Third-year secondary school students are
significantly less positive than first-year secondary school students in the dimension of self-concept as a
mathematics learner, i.e., they believe less in their personal competence.

As far as the mathematics education dimension is concerned, there is not much difference between
the two groups of students, which indicates that they believe almost similarly in the relevance and
significance of mathematics. Both groups of students are highly positive on the dimension of the social
context or classroom environment. They recognize the teacher's contribution, i.e., they believe that the
mathematics teacher fulfils his/her role.

The novelty of our research lies, first, in having filled a research gap in secondary education,
achieving an empirical verification of the three types of beliefs recognized by the specialized literature in
the affective domain: second, in knowing the beliefs of students at different levels of study, regarding
their self-concept, the social context and mathematics education, with an adaptation of the original
evaluation instrument. Finally, the authors Op't Eynde and De Corte (2003) described the MRBQ as a
comprehensive instrument to assess the belief system in mathematics. In this work, it was adapted to
the Chilean educational reality, with significant differences in its results that allow us to infer that the
adapted questionnaire is sensitive to the educational and cultural context.
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