. mathematics ﬁw\o\w

Article
Secondary Education Students’ Beliefs about
Mathematics and Their Repercussions on Motivation

Vanesa Rojo Robas 10, José Maria Madariaga > and José Domingo Villarroel 3*

1 Department of Didactic and School Organization, Faculty of Education in Bilbao, University of the Basque

Country (UPV/EHU), Barrio Sarriena, s/n, 48940 Leioa, Spain; vanesa.rojo@ehu.eus

Department of Developmental and Educational Psychology, Faculty of Education in Bilbao, University of the
Basque Country (UPV/EHU), Barrio Sarriena, s/n, 48940 Leioa, Spain; josetxu.madariaga@ehu.eus
Department of Didactic of Mathematics and Experimental Sciences, Faculty of Education in Bilbao,
University of the Basque Country (UPV/EHU), Barrio Sarriena, s/n, 48940 Leioa, Spain

*  Correspondence: txomin.villarroel@ehu.eus; Tel.: +34-946-01-7521

check for
Received: 11 January 2020; Accepted: 3 March 2020; Published: 6 March 2020 updates

Abstract: This research analyses the role of the affective dimension in learning mathematics during
secondary education. In particular, the evolution of motivation and beliefs according to the students
academic level, as well as the relationship between these two factors. The sample consisted of 202
students from all four years of secondary education, whose motivation and beliefs about mathematics
and learning mathematics were evaluated. Beliefs were grouped into three categories: related to the
specific classroom context, to mathematics, and to oneself as a learner of this subject. The results
obtained indicate lower motivation and less favourable beliefs in 3rd year. From the beliefs analysed,
those regarding the classroom context, and more specifically the teachers, have obtained the largest
effect size.
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1. Introduction

Knowledge acquisition requires a certain balance between what is rational or cognitive and what
is affective-emotional [1-3]. However, our education system focused mainly on the development of
the rational mind, identifying this with scientific knowledge [4].

Thus, mathematics has become a very important part of the education of our students and as a
consequence, a highly demanding subject [5,6]. At the same time, several studies show that many
students display negative attitudes towards mathematics throughout their academic life [7,8].

This aversion to learning mathematics and the resulting high index of academic failure in this
subject could be motivated by many factors in the affective-emotional domain (feelings of insecurity;,
anxiety, etc.) as was found in studies carried out from the 1980s onwards [7,9-12], or maybe also
because there is a social belief that mathematics is a difficult subject [13,14]. This aversion could also
have to do with teachers’ attitudes or with the methodology used in teaching mathematics [15-17].

As a consequence, the affective domain of learning mathematics has become an important field
of study. The different studies developed in this field can be grouped around three main variables:
attitudes, beliefs, and motivation towards mathematics [9,10,12,13].

Some previous studies have focused on the role of motivation in learning mathematics on the one
hand [18,19] and the role of beliefs on the other [20,21]. Regarding motivation, [18] studied the impact
of motivation on the academic performance of mathematics students in Nigerian secondary schools,
concluding that these students differ significantly in their performance based on their motivation.
The results reveal that highly motivated students perform better academically than less motivated
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students. Different studies support the idea that self-efficacy is associated with motivational orientation
towards mathematics as well as with a better mathematical performance [22,23]. Regarding beliefs, [20]
studied the influence of beliefs on academic performance in a sample of 1600 Spanish secondary school
students. In addition to corroborating this idea, he found that epistemological beliefs not only directly
influenced academic performance, but also contributed indirectly through their effects on student
learning approaches.

In this paper, we will focus on the possible relationship between motivation and beliefs, and will
try to establish possible relationships between different types of beliefs of secondary education students
and their corresponding motivation, with the aim of assessing their resulting educational implications.
In this sense, there is the antecedent of [24] who conducted a study to identify the key variables in
the belief networks, under the assumption that knowing those variables helps to understand what
motivates students.

However, what are we referring to when we talk about beliefs and motivation in learning mathematics?

Motivation is a fundamental variable to keep students engaged in the study of any subject and
to lead them to an adequate and durable knowledge acquisition [25-28], and of course this also goes
for mathematics, [15,18,19,29]. More specifically, we are referring to intrinsic motivation, which is the
motivation that does not refer to an external reward, but rather whose motivating factors are inherent
to the subject or the task being undertaken.

A students’ beliefs about mathematics are among the components of an individual’s implicit
subjective knowledge of this subject and its teaching-learning [30,31]. Such beliefs are categorized
according to their object as follows:

(a) beliefs about oneself regarding learning and resolving mathematical problems
(b) Dbeliefs about mathematics, its teaching and learning
(c) beliefs about the social context in which the educational experience of mathematics takes place.

In his preliminary studies [9,10], and other researchers later [21,32] found that all three types of
individual students’ beliefs about mathematics and its teaching described above have a strong impact
on the educational process, in the sense that such beliefs will condition students’ learning and the way
in which they will use mathematics in the future. This is why these beliefs are considered the basis for
generating knowledge and should be understood as a cognitive reference that conditions students’
affective aspects, and that might predispose them to act according to these beliefs [30,33,34].

Different research studies were developed in relation to each of the three types of beliefs described:

(a) Beliefs about oneself as learner of mathematics have commonly been interpreted as the beliefs a
student has about him/herself or about learning very specific tasks: solving routine and non-routine
problems, fractions, proportions, algebra, geometry, and calculus. Students who self-perceive
more capable in one subject or study area, are more prone to engage in learning-related tasks and
get better marks. In this sense, [21] corroborated the relationship between students” motivational
beliefs and how they were reflected in the qualifications of teachers in science and mathematics.
In the same way, the beliefs in the capacities to reach set goals influence the students” motivation
and effort put into learning. Thus, [29], after analysing the results obtained in a research of 336
secondary school students, revealed that positive self-concept and self-perception improve the
students’ level of motivation, which increases their level of performance.

(b) The beliefs students have about mathematics as a subject are related mainly with its importance
and the perceived usefulness, and in turn with their success and level of participation in the
mathematics class [35]. Mathematics is usually conceived as a complex discipline, difficult
to understand, requiring great effort and the use of higher order cognitive strategies for its
assimilation. Thus, for example, [6] verified through a research study carried out on 522 secondary
school students in Cuba that students have unproductive beliefs about the learning of this science,
hence affecting the teaching results; that is, the concept that mathematics is a difficult subject
affects their performance negatively. Students also believe that mathematics is useful, a perception
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positively related with performance, as it is the most influential factor in the level of interest
shown in this discipline and, therefore, in its learning [36].

(c) Students express they receive continuous messages from their environment that influence their
beliefs about mathematics and learning mathematics. Beliefs in the social context refer to the
role and function of teachers, the role and function of students in their own classroom, and the
socio-mathematical rules and practices in the classroom. For this reason, [37] points out that there
is a strong link between the teachers’ beliefs and students within the school environment.

Regarding the beliefs on the role of teachers and their methodology in learning, there are two
well-differentiated points of view. According to the first, many students perceive their mathematics
teacher as a purveyor of knowledge, from whom they need to learn everything he or she conveys.
The second point of view has a constructivist character, and considers the teacher not as an informer,
but as a driver who facilitates students’ learning by giving meaning to what they are learning. The
teacher establishes an affective relationship with his or her students, paying attention to their needs and
opinions, taking into account their diversity, fostering interaction with students [7]. In this sense, [38]
defend a model of prosocial classroom in which the social and emotional competence of teachers is of
great importance in generating healthy relationships with their students and, consequently, in creating
a good classroom atmosphere.

Different studies also investigated the beliefs of students regarding mathematics according to their
age [39,40] in particular, assert that there is a set of negative beliefs that get reinforced during secondary
education, compared to primary education that doubtlessly influence the negative outcomes found.
The emergence of these beliefs throughout secondary education is related to the fact that mathematics
is an increasingly difficult subject that causes unsatisfactory academic performance [8,41].

Previous investigations seem to show the importance of beliefs about mathematics and
learning mathematics for comprehension and learning optimization, and also in fostering students’
motivation [24]. However, so far, no studies have been undertaken in which possible relations between
the three categories of beliefs described and motivation are established, differentiating the four years
of compulsory secondary education, in a medium-low level social context. For this reason, this paper
delves into the possible relationship existing between differences in students’ beliefs according to their
academic level and their level of motivation.

With this aim, the specific objectives are as follows:

1.  To study the level of motivation towards mathematics of a sample of secondary school students
according to their academic level in a medium-low level social context.

2. To analyse the possible differences between types of beliefs linked to learning mathematics
according to the academic level in a medium-low level social context.

3. To establish possible connections between the level of motivation that the students in the sample
show towards mathematics and the beliefs they express regarding the process of teaching and
learning mathematics.

2. Method

2.1. Context Characteristics

The law in force in Spain since 2013 regulating the Spanish education system is the Organic Law for
the Improvement of Educational Quality (LOMCE) [42], which determines 65% of the curriculum of the
different Autonomous Communities. In the case of the Basque Country, there is also Heziberri 2020 [43]
which is a plan of the Department of Education of the Basque Government for the improvement of the
education system of the said Autonomous Community.

According to the regulations of the LOMCE and Heziberri 2020 Mathematics is a core subject;
that is, its teaching schedule occupies at least 50% of the total and is also mandatory during the four
years of Compulsory Secondary Education (ESO). This educational stage is characterized by being
compulsory and free and by covering students aged 12 to 16.
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The curricular content is distributed into four blocks in each of the four ESO years: 1. Numbers and
Algebra, 2. Geometry and Measurement, 3. Functions and Graphs, 4. Statistics and Probability, so that
from 3rd year onwards content of a more abstract nature is taught. As a possible consequence, the PISA
results (2018) for Spain showed the difficulties of interpretation, communication, and mathematical
abstraction in 15-year-old students (3rd ESO), at the very time which the limit associated with arithmetic
and geometric progressions is introduced along with other abstract content. In Spain, only 7% of
students of this age reach levels 5 and 6 (levels that include abstract content) of mathematics in this
test, the average of the OECD countries being 11% [44].

The school the sample belongs to is located in a town of approximately 30,000 inhabitants
within the area of Greater Bilbao (the Basque Country) in northern Spain, on the eastern shore of the
Cantabrian sea. Consequently, the educational planning and curricular design of the school mentioned
are consistent with the two educational laws and regulations, LOMCE and Heziberri 2020, in force
in the Basque Autonomous Community (Spain). Specifically, all students who are in the same year
receive the same mathematical training, since there are no different levels in the same classroom. As for
the teachers, six different participants who were likely to teach in different levels, participated in the
study. The teaching methodology employed by the teachers involved in the study was mostly based
on oral explanations.

With regard to the socioeconomic level, this town has an unemployment rate of 21.67%, double
the average rate for the Basque Country; half of the population have had only primary education or
no formal education. The per capita GDP is 17,570 USD, while the Basque Country per capita GDP
for 2018 was 31,588 USD [45]. Therefore, we can say that the school belongs to a medium-low level
social context.

2.2. Sample

The sample examined in this study consisted of 202 secondary school students, 86 girls and 116
boys, belonging to the same public school. In terms of the distribution of the students by academic
years, 32.2% of them attended the first level in secondary education (aged between 12 and 13); 27.3%
were in the second level (aged between 13 and 14) and 12.9% in the third level (ranging in age from
14 to 15 years). Finally, the participants in the fourth level in secondary education (aged 15-18) were
27.8% in the sample.

2.3. Measuring Instruments and Procedure

The students in the sample completed two surveys in the third trimester before their final exams,
with the purpose of evaluating their motivation and their beliefs towards learning mathematics. The
questionnaires used in this study were developed with samples of a cultural context similar to that of
the sample involved in this research project. This was the main reason for selecting these questionnaires
for the present study.

Motivation was evaluated through a five-point Likert-type questionnaire consisting of 26
statements and designed by [46]. The statements in this text are related to essential aspects of
motivation, such as interest and enthusiasm towards academic activity, students” aspirations and
their feeling of independence, their needs and their opinions related to the usefulness of the subject;
participants were asked to express to what extend they agreed with each of the statements.

Students’ beliefs about learning mathematics were evaluated using the questionnaire by [40]. This
test consisted of 41 questions related to school learning processes of mathematics in which participants
have to express agreement or disagreement through a five-point Likert-type scale; where 1, is strongly
disagree and 5, completely agree. The categories used in this questionnaire, together with some examples
of each one, are described in Table 1:
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Table 1. Description of the categories of beliefs.

Categories Examples of Beliefs

e Mathematics teachers’ methods are usually
more boring than those of other subjects.

e  Mathematics teachers are always willing to
clarify doubts and difficulties.

Beliefs about the classroom’s specific context

Mathematics is very abstract and far from reality.
Beliefs about mathematics e The difficulties I have or may have in
mathematics are due to the subject’s difficulties.

e When I get good marks in mathematics it is
mainly thanks to my capability

e Mathematics is a challenge to one’s
own capability.

Beliefs about oneself as a learner of mathematics

The board of the school participating in the study were informed and gave consent for the research.
Later, parents and teachers of the students involved also gave their informed consent. Questionnaires
were filled in anonymously, in two sessions during school hours in March 2016. Two members of the
research team were responsible for their administration.

Regarding statistical procedures, the differences related to the sex variable were evaluated through
the Mann-Whitney U test [47] and the Pearson correlation coefficient was used to examine the size
effect [48].

2.4. Validity and Reliability

The scale-level-CVI (S-CVI) was the parameter used to quantify the content validity of each of the
surveys involved in the present research project [49,50]. To that end, a panel of experts was invited to
assess both the questionnaire of Motivation in Mathematics (QMM) [48] and the questionnaire about
Mathematical Beliefs (QMB) [39]. More specifically, twelve professionals in the field of education
received an invitation to evaluate the items in the survey, among which nine agreed to participate in
the evaluation process.

The criteria to choose the experts included in this panel were, firstly, to have no connection
with the research project being undertaken and, secondly, to have an acknowledged expertise in the
field of didactics of mathematics, science education or educational psychology. Some teachers with
a longstanding experience in teaching in compulsory education were also invited to participate in
the pool of evaluators. Table 2 presents a description of the experts who form the cast of experts that
assessed the suitability of the items included in the two questionnaires used in the study.

Table 2. Composition of the panel of experts that reviewed the appropriateness of the surveys involved
in the study.

Academic Level Scope of Expertise Professional Activity N
Didactic of mathematics 3

PhD Science education Lectures at university level 3
Educational psychology 2

Bachelor’s degree Compulsory education Teacher 1
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The panel of experts were asked to fulfil two formularies, one for each of the two questionnaires
of the present study. At the beginning of each of the formularies, a short description concerning the
purpose of the survey to be assessed was introduced to the evaluators. Furthermore, the experts
were asked by means of a 5-point Likert scale to assess the appropriateness of each of the items to
measure the motivation towards learning mathematics in secondary education (in the case of the QMM
questionnaire) as well as teenagers’ beliefs on learning mathematics (in the case of QMB questionnaire).
The scale ranged from 1 (the item presented is largely irrelevant for the objective of the research) to 5 (the item
presented is very suitable for the objective of the research).

Building on the responses collated, the item-rated content validity index (I-CVI) was calculated
by dividing the number of experts that allocated a grade equal or higher than three to each item by the
total number of assessments that each item received. The I-CVI limit value for considering an excellent
level of agreement usually stands at 0.77, which in this particular case, entails that at least 7 out of
the 9 experts allocated an appropriate assessment to the item in question. The average of the I-CVI
values of all the items included in each of the surveys allowed us to determine the scale-level-CVI
(S5-CVI). The minimum value for reflecting an adequate content validity of the latter statistical indicator
is 0.8 [50]. Table 3 introduces the results of the aforementioned study. The results reached indicated
that the S-CVI of the two surveys surpasses the cut-off value of 0.78, showing an adequate level of
content validity [51].

Table 3. The outcomes of the study of the item-rated content validity indices (I-CVI) and scale-level-CVI
(S-CVI) in the questionnaire of Motivation in Mathematics (QMM) and in the questionnaire about
Mathematical Beliefs (QMB).

L Expert % Items with % Items
Survey Objective Panel Ttems Agreement (>7) I-CVI > 0.77 S-cvl

Motivation

QMM towards 9 26 96.2 96.2 0.93
mathematics

Beliefs

QMB regarding 9 44 93.2 91 0.89

mathematic

Finally, the Cronbach’s alpha was used to estimate the reliability of the surveys [46]. Table 4
displays the information regarding the results of this study. It is worth noting that the results presented
in this study essentially matched those initially published by the authors of the surveys [35,43], and
they allow us to assume that both questionnaires display an adequate level of internal consistency.

Table 4. The outcomes of the study as to the reliability of Questionnaire of Motivation in Mathematics
(OMM) and Questionnaire about Mathematical Beliefs (QMB).

Survey Items Cronbach’s Alpha
QMM 26 0.93
QMB 44 0.88

3. Results

Table 5 shows the results obtained for motivation towards mathematics in each academic level
analysed and their corresponding significance, using the Kruskal-Wallis contrast test:



Mathematics 2020, 8, 368 7 of 14

Table 5. Motivation towards mathematics according to the students” academic level.

Scale Median Mean (SD)
Motivation ! 94 86 66.3 78 94.1(15.7) 88.5(19.2)  68(17.1) 80(16.4)
1st 2nd 3rd 4th Ist 2nd 3rd 4th

1 Kruskal-Wallis H-test = 36.1 [3], p <0.001, r]z =0.206. N = 176.

Results show that the best motivation for learning mathematics is obtained by 1st-year students,
and the worst by 3rd-year students. Once the corresponding post hoc analysis of the average differences
between academic levels was performed, the differences between 3rd-year students and all the rest
were taken as significant: 4th (p < 0.01), 2nd (p < 0.001) and 1st (p < 0.001).

Table 6 below shows the results obtained for beliefs towards mathematics according to academic
level and the corresponding significance, using the Kruskal-Wallis contrast test.

Table 6. Beliefs about mathematics with significant differences according to academic level, grouped
into the three categories described.

Belief Median Mean (SD)
Beliefs about the Classroom Context
12— have almost always had good mathematics teachers 3 2 2 2 2.8 (0.9) 2.6 (0.9) 2.1(1.1) 23(1)
210 - -
19—My performance in mathematics depends on the teacher to 15 1 3 2 1.6 (0.9) 15 (1) 25 (1.4) 17(12)
a large extent
3 - . - -
2 22—My relationship with mathematics teachers is more
friendly than that with teachers of other subjects ! ! ! ! 140 1308 0708 14Q)
Yor T -
25—1I think some mathematics teachers do not trust the 1 11 3 2 12(11) 1.8 (11) 25(13) 1.8 (14)
performance of large numbers of their students
5 .
21—The methods used by mathematics teachers are more
boring than those used by teachers of other subjects 1 2 3 1 14(1.2) 18(1) 27 17(1.1)
6 o 1 .
6—The difficulties I have or may eventually have in
mathematics are due to a lack of help 1 1 2 15 1(09) 1(09) 17(1.3) 18(1.2)
7 ] . ]
14—When I get poor marks in mathematics it is due mainly to
the teachers’ lack of help 1.3 1 2 1 11 1m 2015 13
8 - 1 -
36—Mathematics teachers are always willing to clarify doubts
and difficulties in the classroom 3 8 0 3 3101 28(1) 11(15) 26(1.2)
1st  2nd 3rd 4th 1st 2nd 3rd 4th
Beliefs about oneself as a Learner
9 . . .
16—When I get poor marks in mathematics it is mainly due to
my lack of effort and study 2 2 2 3 1.9 (1.3) 2.1(1.3) 1.8 (1.3) 2.8 (0.9)
1017 . . .
17—When I ggt poor marks in mathematics it is mainly due to 1 1 1 2 13(1.2) 13(1.3) 0.7 (0.7) 19(1.2)
my lack of capability
1st 2nd 3rd 4th 1st 2nd 3rd 4th
Beliefs about Mathematics
e o 1 -
5—The Fhfﬁcultles Ih'ave or may eventually have in 1 5 ) 2 14(1) 21(12) 22(11) 23(12)
mathematics are due to its difficulty
I1st 2nd 3rd  4th 1st 2nd 3rd 4th

1 Kruskal-Wallis H-test = (3, N = 181) = 11.8, p < 0.01, > = 0.07; 2 Kruskal-Wallis H-test = (3, N = 181) = 12.2, p <
0.01, qZ = 0.07; 3 Kruskal-Wallis H-test = (3, N = 180) = 11.9, p <0.01, 112 = 0.07; * Kruskal-Wallis H-test = (3, N =
184) = 20.5, p < 0.001, n? = 0.11; 5 Kruskal-Wallis H-test = (3, N = 182) = 24.8, p < 0.001, > = 0.14; ® Kruskal-Wallis
H-test = (3, N = 181) = 16.5, p < 0.01, n? = 0.09; 7 Kruskal-Wallis H-test = (3, N = 179) = 12.8, p < 0.01, ? = 0.07; 8
Kruskal-Wallis H-test = (3, N = 182) = 30.3, p < 0.001, 1]2 =0.17; ? Kruskal-Wallis H-test = (3, N = 182) = 15.9, p<
0.01, n? = 0.09; 19 Kruskal-Wallis H-test = (3, N = 179) = 154, p < 0.01, > = 0.09; 1! Kruskal-Wallis H-test = (3, N =
179) = 185, p < 0.01, 7> = 0.1.

In 11 out of the 42 beliefs the questionnaire consists of, results show significant differences
according to the students” academic level, which are shown in Table 6. Out of these 11 beliefs, eight are
related to the classroom context and more specifically to the teachers: the first four (beliefs 2, 19, 22,
and 25) are related to their personal characteristics, such as kindness, friendliness, confidence in their
students, belief 21 to their teaching methods and the last three are related to their capacity to help.
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Related to belief 2, significant differences were found between 1st and 3rd-year students (p < 0.01)
and between 1st and 4th-year students (p < 0.01), in the sense that 1st-year students express with had
good mathematics teachers, a belief that decreases considerably in the 3rd and 4th years.

The results obtained for beliefs 19, 22 and 25 indicate that the worst view of teachers is perceived in
3rd year. The significant differences obtained for belief 19 indicate that 3rd-year students consider that
teachers have an important influence on their performance in mathematics, as there were differences
between 1st and 3rd years (p < 0.01), between 2nd and 3rd years (p < 0.01) and between 3rd and 4th
years (p < 0.05. At the same time, the results obtained for belief 22 show that 3rd-year students have
less friendly relationships with mathematics teachers than students in other years: 1st (p < 0.01), 2nd
(p < 0.01) and 4th (p < 0.01). Along the same lines, 3rd-year students are the ones who consider that
mathematics teachers are not confident in the performance of large numbers of their students (belief
25).

Among the results obtained for the beliefs on the classroom context, what stands out is that beliefs
21 and 36 present the greatest size effect. Again, it is 3rd-year students who consider that teaching
methods are more boring, with significant differences with 1st year (p < 0.001), 2nd year (p < 0.001)
and 4th year (p < 0.001); this group are also the ones who believe that mathematics teachers are less
willing to clarify doubts (p < 0.001).

Regarding the beliefs related to the student, numbers 16 and 17 show significant differences. In
both cases, 4th-year students admit to a larger degree their lack of study and effort, and attribute their
failure in mathematics to their own lack of capability.

Lastly, for belief number 5 about mathematics, 3rd and 4th-year students attribute their difficulties
in mathematics to the subject’s own difficulty, to a larger extent than 1st and 2nd-year students (p <
0.01 and p < 0.001 respectively).

Regarding the relationship between the level of motivation and beliefs towards mathematics
by the students in the sample, we can verify that the students show lower motivation in 3rd year,
coinciding with the fact that beliefs in the three categories in this year are more negative.

4. Conclusions

The data obtained seems to indicate that the students in the sample show different levels of
motivation and beliefs towards learning mathematics according to their academic year.

Regarding the first objective referring to motivation, we find the lowest levels in the later academic
years, 3rd year being especially noticeable, while 1st-year students show a higher motivation. Indeed,
1st-year students start off motivated to learn the subject, then their motivation decreases slightly in
2nd year, declines abruptly in 3rd year, and a slight recovery is appreciated in 4th year, but without
reaching the levels of 2nd year.

These results are along the same lines as those obtained in previous research [39,43].
Specifically, [39] studied a sample of students between the ages of 11 and 18, according to which the
affective factors involved in learning mathematics are less favourable as the academic level advances.

As we understand, there are four main reasons that can explain these results, not in order of
importance:

(@) The use of classroom methodologies that foster students’ passivity.
(b) The type of content in 3rd year and 4th year are more abstract.

(c) A decrease in the self-perception of competence in mathematics.
(d) The evolutionary characteristics of adolescence.

(a) The first reason given to justify the results obtained for motivation is linked to the use of
classroom methodologies and more specifically to the teachers [47] as we explained in the context
characteristics, or at least, this is how students seem to experience methodologies.

This interpretation of results coincides in turn with those from other research studies, which state
that by using cooperative and active techniques, students feel more secure than working on their
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own, as interaction and a liking for mathematics are promoted [4,48], which logically should entail a
higher level of motivation. With this in mind, [48] carried out an intervention with secondary school
students in the Milan area so that one group of students received innovative instruction, while the
other received traditional instruction, being able to verify that the first group manifested better beliefs
towards mathematics.

As a consequence, it is imperative to review mathematics teacher training, so that their educational
task is not essentially based on the students assimilating theoretical concepts in a passive manner. They
should also be able to transmit knowledge in an intelligible manner to their students, “connecting” with
them to promote greater active involvement in learning mathematics, based on their previous knowledge
of the subject, their interests, needs and, very importantly, believing in them and their potential.

(b) The second explanatory reason we introduced related to the increase in the degree of
abstraction in mathematics in the third year, together with an insufficient methodological adequacy in
this circumstance, could help us understand the reason for the dramatic decrease in motivation in third
year. Indeed, we already mentioned in the “Context characteristics” section that in the mathematics
curriculum of the ESO, content of a more abstract nature is taught from the third year onwards, and
how this seems to have had an impact on the latest results obtained in the PISA report (2018). In
addition, more appropriate active methodologies addressing this increase in the degree of abstraction
of this subject do not occur.

(c) The third explanatory cause of the results obtained for motivation in this research related to a
decrease in the self-perception of competence in mathematics [5,37], could somehow be considered to
be a consequence of (a) and (b) as previously mentioned and above all, of the difficulty derived from
the increase in the degree of abstraction of mathematics. As [10] asserts, we agree on the importance
of confidence in the readiness and ability to learn mathematics in order to have the right motivation
towards this discipline, i.e., to have a more intrinsic motivation. The subjects” active involvement in
the learning process increases when they feel competent, i.e., when they trust their own capabilities
and have high expectations of self-efficacy [52].

In the end, this could be the explanation why 4th-year students get the second worst results in
motivation. Since these students attribute their poor results to their lack of effort and capabilities
to a larger extent, they are more aware that their personal involvement in learning mathematics
results in their performance, which at the same time encompasses an increase in motivation from the
previous year.

(d) Finally, we believe that it is necessary to take into account the characteristics of this age range
to understand the changes in the level of motivation that we obtained in our results. Along the same
lines as other research studies, our results suggest that as secondary education students advance along
their academic path, their beliefs and perspectives evolve too, in a way they shift from being more
innocent and simplistic to being more realistic and complex [20,39,53].

Although an increase in the complexity of thought would seem to point in the direction of greater
capacity to undertake a higher degree of abstraction, and therefore complexity in mathematics, this
could be the reason students in the first two years have a more positive view of learning mathematics
with higher motivation levels, while in the third year and thereafter they become more realistic and
include more explanatory variables into their performance.

Regarding the second objective on the possible differences between types of beliefs linked to
learning mathematics according to the academic level, again, we verify that the most differentiated
beliefs are mainly those of 3rd-year students compared to the rest of the levels. Below we see the main
conclusions based on the three types of beliefs analysed (see Table 6).

4.1. Beliefs on the Classroom Context

We first focused on those that refer to the way of experiencing the methodology of the teaching staff.
An aspect related to this methodology and specifically to the educational relationship with the teachers
within the classroom, is the help given by the teacher, or it would be better to say, the experience that
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students have in this regard. This subjective interpretation by students showed significant differences
in our study in the case of beliefs 19, 25, 6, 14 and 36 (see Table 6). In particular, it can be verified that
the results obtained for these beliefs indicate that the worst view of teachers” methodology is perceived
in 3rd year. In this sense, we concur with [7] on the importance of teacher-student communication in
the mathematics classroom to clarify doubts and help with difficulties.

In the sphere of the educational relationship with the teachers which is closely related to the
methodology they use, we also deem it relevant to reflect on the significant differences in the students’
experiences according to the year, reflected also in their “beliefs on the classroom context” related to
their personal relationship with their teachers. Again, it is 3rd-year students who present the worst
results, but the following beliefs especially attract our attention (see Table 6): “I have almost always had
good mathematics teachers” (belief 2), “My relationship with mathematics teachers is more friendly than that
with teachers of other subjects” (belief 22) and “I think some mathematics teachers do not trust the performance

of large numbers of their students” (belief 25).

4.2. Beliefs about Oneself as a Learner

In fourth year, beliefs attributing poor results in mathematics to the lack of one’s own study and
effort (see Table 6, belief 16) and even one’s own capabilities (see Table 6, belief 17), seem to be stronger.
We understand that these results could be related to the decrease in the self-perception of competence
in mathematics [21,29], which in turn could be considered to be a consequence of the progressive
increase in the degree of abstraction of mathematics.

These results seem to confirm the model proposed by [54], in which this author suggested that
students’ beliefs lead to affective-emotional responses that have repercussions in the perception of
the discipline, their self-concept, and consequently, their performance and expectations of success.
However, it is noteworthy that in the third year these beliefs obtain lower scores, which suggests
the need to deepen these results in future research to assess whether there could be other variables
involved in addition to the degree of abstraction of mathematics.

4.3. Beliefs about Mathematics

Within this group of beliefs, the only one to obtain significant differences was number 5, in which
students attribute their difficulties in mathematics to the subject’s own difficulty. In this case, 1st-year
students are the ones who attribute difficulties to a lesser extent, probably because they are the ones
who have less perception of difficulty, the contents of that year with a lower degree of abstraction.

Regarding the third objective of our research, we could link the lowest level of motivation
manifested in 3rd year of ESO to the results obtained by these students on their beliefs. These results
show that 3rd-year students present the worst results and the greatest differences when comparing
academic levels. Specifically, the results obtained for the belief “The methods used by mathematics teachers
are more boring than those used by teachers of other subjects”, which showed a greater size effect in the
difference between 3rd-year students and the rest, seem to confirm the idea that motivation towards
mathematics is closely related to the methodology used in the classroom.

In relation to the category of beliefs that we called “beliefs on the classroom context”, data seem
to indicate that students manifesting the most negative beliefs are those in 3rd year, a time when we
already know students also show the lowest level of motivation. This allows us to affirm that a passive
and unattractive methodology is related with lower motivation, which in turn, has repercussions in
manifesting unfavourable beliefs about the educational relationship within the classroom. Indeed,
these beliefs of students about their teachers, although maybe not a triggering factor for rejection
by themselves, could certainly contribute to students with lower motivation towards mathematics
(especially the results obtained in belief 25).

Nevertheless, it still does not explain the reason this situation improves in the fourth year and
worsens specifically in the third year. The differences in motivation between third and fourth years
could be explained from the perspective that in third year the tendency is to attribute difficulties to
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external factors, especially those related with the teachers, while in the fourth year, as the elaboration
of their self-identity has advanced, beliefs related to students themselves appear as more significant.
This explains the different evolution of motivation when linked to beliefs where the individual is in
less control and depends more on the teachers, or when linked to beliefs where individuals have it in
their power to improve. This issue seems worth delving deeper into in future research.

Regarding the “Beliefs about oneself as a learner”, the decrease in the self-perception of competence
in mathematics [8,43], could somehow be considered to be a consequence of the difficulty derived
from the increase in the degree of abstraction of mathematics, which in turn is related, as we already
mentioned, with a decrease in motivation.

Regarding the changes in motivation related to the characteristics of this adolescent stage, older
students give more importance to beliefs related to the school context and even themselves, all of
which are reflected in their motivation. In any case, we should not forget that teachers, according to
the way they develop their work, also have an influence on the construction of beliefs towards the
subject they teach, and hence on motivation [55].

Ultimately, it all seems to indicate that the types of beliefs that seem to be related with motivation
show a greater impact in the second half of Compulsory Secondary Education (3rd and 4th years). This
result shows the strong tie existing between motivation and beliefs, and therefore, their importance in
mathematics education. It seems reasonable to think that teachers are important at all levels, and one
of their main challenges for the future in the teaching of mathematics is not just the transferring of
knowledge, but a great part of their task is building up enthusiasm for mathematics [56]. However, it
also seems necessary to keep in mind the view students have on the subject and its learning process,
which is clearly manifested in the beliefs and in relation to the corresponding motivation.

Moreover, it will be especially necessary to pay more attention to 3rd and 4th-year students to
design educational interventions that further take into account the types of limiting beliefs in each of
these levels that we have referred to, as they seem to have repercussions on students’ motivation.

Finally, it is necessary to take into consideration that this study has some limitations such as the
sample size, and that it should be extended to different contexts. We understand that in the social
context of this research, education is valued as a social ladder and that mathematics is a very important
part of the curriculum as we have pointed out. All of this influences social beliefs towards mathematics,
which are seen as important and difficult at the same time. That is the reason the research was done in
a single school—to try and homogenize these social beliefs to the fullest, although it would be very
interesting to compare with what might happen in other types of contexts. Finally, it would also be
interesting in future research to contrast the beliefs of students towards mathematics with those of
other schools, where they work with more active methodologies.
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