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Abstract

The study of mathematical knowledge in the initial training of pre-teachers
is essential, since the knowledge of the teachers influences that of the stu-
dents. Besides, it is also important to measure the pre-service and in-service
teachers’ efficacy beliefs and attitude towards mathematics. It is thought that
the self-efficacy a teacher feels whithin the mathematics area will influence
the self-efficacy of her/his students. The goal of this Thesis is to study the
initial mathematical knowledge of pre-service teachers and also their math-
ematics efficacy beliefs and attitude towards mathematics. To carry out the
study of the initial knowledge of numbers and geometry, 20 items of TIMSS
2011 were selected and a test was applied to 97 first-year students from the
Rovira and Virgili University.

Furthermore, in other to study the pre-service teachers’ belief about the
efficacy of their mathematics teaching throughout the Bachelor Degree, pre-
service teachers of each year of the Primary Education Degree answered the
Mathematics Teaching Efficacy Belief Instrument (MTEBI) at the end of the
2016-2017 academic year. The MTEBI is comprised of two subscales, namely,
Personal Mathematics Teaching Efficacy (PMTE) and Mathematics Teaching
Outcome Expectancy (MTOE).

It is also important to measure the mathematics teaching self-efficacy and
outcome expectancy of pre-service teachers, novice in-service teachers (up
to 10 years of experience) and experienced in-service teachers (more than 10
years of experience) are compared. The MTEBI is used to carry out the study.

Additionally, the relation between mathematics teaching efficacy beliefs
of pre-service teachers, their attitude towards mathematics and their mathe-
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Abstract

matics academic achievement is studied. Specifically, this part of the Thesis
considers both factors together and studies their correlation with mathemat-
ics academic achievement. To evaluate mathematics academic achievement,
the grades obtained in the teaching and learning mathematics course that stu-
dents took in the second year of the Degree are collected. The MTEBI is used
to measure the teachers’ efficacy beliefs of pre-service teachers. Besides, the
Attitude towards Mathematics Scale (AMS) is used to rate students’ attitude
towards mathematics.

Moreover, the influence of the teaching experience, the level of education
and the level of teaching on mathematics teaching efficacy beliefs is studied.
Concretely, the MTBEI is answered by 354 primary and secondary in-service
teachers in Tarragona city.

Finally, this Thesis compares the self-efficacy for the teaching of mathe-
matics of students in the fourth year of the Basic General Education Degree
at the Azuay University, in Cuenca, Ecaudor, and the fourth year of the Pri-
mary Education Degree at the Rovira and Virgili University, in Tarragona,
Spain. The subscale Personal Mathematics Teaching Efficacy is used to mea-
sure the self-efficacy of teaching mathematics.

The results of this Thesis offer potentially important information on math-
ematical knowledge, teachers’ efficacy beliefs, self-efficacy of mathematics
teaching and the attitude towards mathematics of pre-service teachers. It also
provides information about in-service teachers’ efficacy beliefs. These results
can help policy-makers, curriculum developers, and teaching professors in
higher education institutes.

Keywords

Pre-service teachers, primary education, knowledge of numbers and ge-
ometry, mathematics teaching efficacy beliefs, attitude, mathematics academic

achievement.
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Chapter

Introduction

1.1 Motivation

Nowadays, there is a widespread opinion of the importance of teacher
training to achieve success in primary education. Clear evidence of this is the
existence of different research, at international level, dealing with the subject
(e.g., [2], [3], [4], [5], [6]). Some of the existing research is concerned about
the low mathematical elementary content knowledge of pre-service teach-
ers (e.g., [7], [4], [8], [9], [10], [11]). According to [12] and [1], the quality of
mathematics teaching depends on teachers” knowledge of the content. They
focused their research on determining what teachers need to know about
mathematics to be successful with students in classrooms. In addition, the
following question it should be considered: why Spanish primary education
students do not stand out for their good results in mathematics on the in-
ternational PISA (Programme for International Student Assessment) [13] and
TIMSS (Trends in International Mathematics and Science Study) [14] tests?

Existing research is concerned about the low mathematical elementary
content knowledge of pre-service teachers (e.g., [9], [7]). This low mathemat-
ical content knowledge might provokes poor results in their mathematical
academic achievement. Indeed, in addition to elementary content knowl-
edge of pre-service teachers, there are different variables that were found to
impact on academic achievement, such as self-concept [15], values [16], or

more cognitive variables, such as learning strategies [17] or previous knowl-
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1.1 Motivation

edge [18].

It should be noted that it is vitally important that teachers dominate the
subject that they have to explain to their students, not only at the content
level, but also at the didactic level. That is, teachers need to know which
difficulties their students will encounter when they learned certain content
or procedures, and how they can try to help them overcome these difficulties;
and that is what the Primary Education Bachelor Degree should offer them
at University. The problem is that the level of knowledge of certain content
or procedure is often so low that one can hardly tackle the didactic part of it.
It is clear that first it is necessary to dominate the content.

Besides, knowing the level of mathematical knowledge of the students at
the beginning of the Primary Education Degree is to reinforce the contents in
which they present difficulties. Teachers have a very important role in educa-
tion since it is considered that they directly influence the learning of students.
Therefore, it is necessary to carry out research from their initial training in or-
der to improve the learning of mathematical knowledge of future teachers.
Ma [19] argued that a large part of success in the classroom depends on the
teacher’s own understanding of mathematics, together with an appropriate
disciplinary appropriation, and security and self-confidence in the mastery of
such knowledge. In this sense, Haciomeroglu [20] stated that teachers with a
strong mathematical knowledge are better prepared to help their students to
understand the subject significantly. Specifically, the professional knowledge
that teachers must have is a determining factor for the effectiveness of teach-
ing [21]. Without doubt, future teachers must have excellent initial training
ensuring solid knowledge of content and didactics, so that they can be quality
professionals in the future.

Moreover, one aspect that is considered important in the teaching-learning
process is the analysis of the errors and difficulties that students have in solv-
ing certain mathematics tests. As noted by [22], research in recent years has
shown the importance of focusing attention not only on students’ correct an-
swers, but also on the mistakes they make. The errors may have different
origins, but they are always considered as an inadequate cognitive scheme

18
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and not only as a consequence of lack of knowledge or a mistake. These er-
rors and difficulties are sometimes so profound that they call into question
the entire teaching-learning process of mathematics [23]. Some authors rec-
ognize that the development of problems with decimals is a major source of
learning difficulties with students and pre-service teachers (e.g., [24], [25]). It
is therefore common for students to make repeated errors in problems with

decimals.

Other researches are worried about the lack of motivation and confidence
of pre-service teachers when they teach and learn mathematics (e.g., [26], [27],
[28], [29], [30]). The problem is that if they do not change their beliefs, they
will show them when teaching mathematics at primary education school.
Bursal [31] pointed out that teachers are the most important single influence
on students” attitudes toward mathematics. The author suggested that, since
most of tomorrow’s teachers are today’s pre-service teachers, the beliefs they
hold should be of concern to teacher educators. There exists a large number
of researchers presenting exhaustive studies about teacher’s efficacy belief of
pre-service teachers and in-service teachers (e.g., [32], [31], [33]). These works
highlight the importance of the teacher’s efficacy belief towards mathemat-
ics. This importance is evidenced in the existing research that shows how
teachers with low levels of self-efficacy are less likely to obtain positive re-
sults with their students ( [34], [35]).

In the context of pre-service teachers, it is noticed that that some students
of the Bachelor Degree in Primary Education present low levels of mathe-
matics teaching efficacy beliefs and a negative attitude towards mathemat-
ics ( [36], [37]). Literature research supports the importance of enhancing
the pre-service teachers” mathematics teaching efficacy beliefs (e.g., [31], [38],
[39]) and their attitude towards mathematics (e.g., [37], [40]), and how these
factors influence to the mathematics academic achievement (e.g., [41], [42]),
[43]). As pointed out in [44], it is still important and interesting to investi-
gate the impact of variables concerning teachers” mathematics related effect
on other affective or cognitive variables such as academic achievement.
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1.2 Context

In Spain, students who finish high school (baccalaureate) can directly en-
roll to the Primary Education Degree. There is no requirement about the type
of baccalaureate students need to choose during high school. In this degree,
they will learn the didactic and content knowledge that will allow them to
teach students between the ages of 6 and 12. From 2017, in Catalunya it is nec-
essary to pass a Personal Aptitude Test (PAP) to access the Early Childhood
and the Primary Education Bachelor Degree. The PAP test evaluates two
competencies: the communicative and critical reasoning competence; and
the logical-mathematical competence. Specifically, the logical-mathematical
competence is the ability to use knowledge and skills relating to various ar-
eas of mathematics to solve exercises, problems and applicable situations,
and the ability to analyse the results obtained from the point of view of their
reasonableness. The final qualification of the PAP, which is obtained from the
arithmetic mean of both exams, is either Pass or Fail.

According to the Royal Decree (476/2013) [45], primary education will
be taught by Teachers in Primary Education Bachelor Degree. Teachers may
teach all areas of knowledge in primary education, with the exception of mu-
sic, physical education and foreign language. In addition, according to the
Royal Decree (476/2013) [45], the program will have between 180 and 240
credits, which will contain all the theoretical and practical training that the
student must acquire: basic aspects of the branch of knowledge, obligatory
and optional courses, seminars, external practices and final degree project.
Specifically, in Catalunya the Primary Education Degree has 240 ECTS.

Most of the research in this Thesis is focused on pre-service teachers of
the Primary Education Degree. This Degree consists of a four-year program,
composed by eight semesters (240 ECTS). The first year of the program con-
tains only introductory pedagogical courses. The Bachelor includes three
mandatory courses of Teaching and Learning Mathematics (TLM). Table 1.1
shows the distribution of the three TLM courses along the Bachelor Degree.
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Table 1.1: Distribution of the Teaching and Learning Mathematics courses (TLM)
and the student teaching periods at the Primary Education Bachelor Degree (semester

is denoted by S)
Ist 2nd 3rd 4th

S1 S2 S3 S4 S5 S6 S7 S8
TLM TLM1 TLM2 ST1 ST2 TLMS3
Duration
in 17 17 13 13 17
weeks
Duration
in 60 60 360 360 60
hours

The TLM1 course (2nd year) presents the mathematical content pre-service
teachers need to know to teach in primary school (see Appendix D for de-
tails). The students have to review mathematical content and processes, and
to solve problems. In the TLM2 course (3rd year), the pre-service teachers
learn how to use manipulatives and interactive applications to teach Nu-
meracy at primary school (see Appendix D). Finally, in the TLM3 course
(4th year), the students are presented materials to teach Geometry at primary
school. The sessions of TLM3 consist of Geometry workshops, in which the
students have to work in teams. The idea of these workshops is to promote a
student-centered learning (see Appendix D).

In addition to the TLM courses, the students have two 3-month teaching
periods along the Bachelor (see Table 1.1). During these student teaching pe-
riods (TS1,TS2), the pre-service teachers stay at a school under a supervised
teaching practice. Particularly, they have to observe and analyse everything
they see at school. Furthermore, they have to teach some lessons, in a super-
vised way. In the first period of student teaching, they have to analyse the
mathematics teaching at the particular school and use manipulatives they
studied in TLM2. After the student teaching period, they must prepare a re-
port to conclude the TLM2 course. Therefore, the TLM2 course is linked to
the first student teaching period.
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1.3 Objectives

The main goal of this Thesis was to study both the mathematical con-
tent knowledge of the students of the Primary Education Bachelor Degree
at the Rovira and Virgili University and also their teachers’ efficacy beliefs
for teaching mathematics. Furthermore, in-service teachers’ efficacy beliefs
for teaching mathematics is also studied. Specifically, in order to achieve the
purposes of this Thesis, the following tasks were identified:

1. To study the mathematical knowledge of first-year students of the Pri-
mary Education Bachelor Degree. Besides, this work also pretends to
study their common errors in detail. The idea is to detect the weak-
nesses that the pre-service teachers present.

2. To study the pre-service teachers’ efficacy beliefs for teaching mathe-
matics and its evolution throughout the Bachelor Degree in Primary
Education.

3. To compare the mathematics teaching self-efficacy and outcome expectancy
of pre-service and in-service primary education teachers.

4. To analyse the relation between mathematics teaching efficacy beliefs
of pre-service teachers, their attitude towards mathematics and their

mathematics academic achievement.

5. To study the influence of the level of teaching factor (primary educa-
tion and secondary school) and the level of teacher training (degree and
master) on mathematics teaching efficacy beliefs in-service teachers.

6. To compare the self-efficacy of pre-service teachers for the teaching of
mathematics of students in the fourth year of the Basic General Educa-
tion Degree at the Azuay University and the fourth year of the Primary
Education Degree at the Rovira and Virgili University.
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1.4 Thesis Outline

This Thesis is organised into nine chapters. Chapter (chapter 1) presents
the motivation and importance of the mathematical elementary content knowl-
edge of pre-service teachers, specifically, knowledge of geometry and num-
bers. Further, this chapter presents motivation and the importance of the
teachers’ efficacy beliefs and the attitude towards mathematics. Furthermore,
this chapter provides information relating to the specific context of the study
and defines the research objectives.

Chapter 2 provides a review of literature relevant to the research reported
in this Thesis. Specifically, the classification of the categories of knowledge
and the literature review of the pre-service teachers’ knowledge in numbers
and geometry are presented. Besides, self-efficacy theory and literature re-
view the mathematics teaching efficacy belief for pre-service teachers and
in-service teachers are presented. Finally, attitude towards mathematics the-
ory and literature review of the attitude towards mathematics for pre-service
teachers are presented.

In chapter 3, the results of the study the mathematical knowledge of first-
year students of the Primary Education Bachelor Degree are presented. In
particular, chapter3 studies the scoring and resolution processes of 20 TIMSS
(Trends in International Mathematics and Science Study)-type questions of
numbers and geometry. Moreover, chapter 3 studies in detail the errors made
by the students in some of the problem type questions.

Chapter 4 exposes the results of the study the pre-service teachers’ self-
efficacy for teaching mathematics and its evolution throughout the Bachelor
Degree in Primary Education at the Rovira and Virgili University. Specifi-
cally, the chapter studies the Personal Mathematics Teaching Efficacy (PMTE)
and Mathematics Teaching Outcome Expectancy (MTOE).

Chapter 5 compares the mathematics teaching self-efficacy and outcome

expectancy of pre-service and in-service primary education teachers. Con-
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cretely, chapter studies the Personal Mathematics Teaching Efficacy (PMTE),
comparing the three groups (pre-service teachers, novice teachers and experi-
enced teachers). In addition, chapter studies the Mathematics Teaching Out-
come Expectancy (MTOE), comparing the three groups (pre-service teachers,
novice teachers and experienced teachers).

In chapter 6, the correlation between mathematics teaching efficacy be-
liefs, the attitude towards mathematics and the mathematics academic achieve-
ment of pre-service teachers is studied.

Chapter 7 shows how the level of teaching factor (primary education and
secondary school) and the level of teacher training (degree and master) influ-
ence the mathematics teaching efficacy beliefs of in-service teachers.

In chapter 8, the self-efficacy of pre-service teachers of the Primary Edu-
cation Degree at the Rovira and Virgili Unversity and the one of pre-service
teachers of the Basic General Education Degree at Azuay University is com-
pared. In particular, students of the fourth year of both Degrees are consid-
ered for the study.

Finally, chapter 9 summarizes the findings obtained in the six studies car-
ried out in this Thesis and provides future lines of research.
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Chapter

Literature review

his chapter reviews the theoretical framework and the state of the art re-

lated to the variables of this Thesis, these being: domains of mathemat-

ical knowledge, mathematics teaching efficacy beliefs and attitude towards
mathematics.

2.1 Domains of Mathematical Knowledge

The work presented in [46] suggested to consider the following categories
of content knowledge; (a) content of the subject, (b) pedagogical knowledge,
and (c) curriculum knowledge. It is important to note that [47] considered
that mathematical knowledge for teaching has two components: knowledge
of mathematical content and didactic knowledge of mathematical content.
Moreover, Ball et al. [1] divided into two categories the mathematical knowl-
edge for teaching that is composed of Specific Mathematical Knowledge and
Didactic Knowledge of Content as can be seen in Figure 2.1. Maintaining the
two main categories, Knowledge of Content and Knowledge of The Didactics
of Content, the authors had subdivided each of them into three others.

In the first domain, a division of the Content Knowledge domain pro-

posed by [46] is proposed by segmenting it into: Common Content Knowl-
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edge, Horizon Content Knowledge and Specialized Content Knowledge. The
Common Content knowledge, which is the one that any well-educated adult
must have. The Specialized Content Knowledge, which is the knowledge
that only teachers need to know. Finally, the Horizon Content Knowledge,
which makes reference to the relationships between mathematical subjects at
different school levels. More specifically, the Common Content Knowledge
corresponds to knowledge acquired in school or throughout life. It is the one
that is used to solve mathematical problems, operate correctly and apply def-
initions and properties, so it is the knowledge of the mathematicians or of an
educated adult subject [1].

In the second domain, Pedagogical Content Knowledge is divided into
three subcategories: Knowledge of Content and Students, Knowledge of Con-
tent and Teaching, and Knowledge of content and Curriculum . In the Peda-
gogical Content Knowledge domain, Ball et al. [1] defined Knowledge Con-
tent of and students as the knowledge of content that is intertwined with
knowledge of how students think, know, or learn a particular content. It
is that used in teaching assignments that involve attending to specific con-
tent and particular aspects of students. It includes knowledge of common er-
rors of students and the most common difficulties, misconceptions, strategies
that can be used. All this makes the teacher able to assess the student’s un-
derstanding and know how their mathematical reasoning evolves. Besides,
Knowledge of Content and Teaching results from the integration of mathe-
matical content with knowledge of the teaching of such content. Knowledge
of Content and Curriculum alludes to knowledge of objectives, content, cur-
riculum orientations, materials and resources available for teaching, which
allow the teacher to guide his practice and select the appropriate tasks for
learning [48].

This Thesis studies only the category of content knowledge. Specifically,
this Thesis studies the mathematical content knowledge of numbers and ge-
ometry. These two content domains are select since previous studies have
pointed out the importance of learning arithmetic (numbers) in the mathe-

matical training of pre-service teachers [49] and the importance of geome-
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SUBJECT MATTER KNOWLEDGE PEDAGOGICAL CONTENT KNOWLEDGE
Egm;g?n Knowledge of
knowledge content and
students (KCS)
(ccK) Specialized Knowledge
| content of content
knowledge {SCK) and
Horizon curriculum
ﬁgﬁ; g Knowledge of
content and
teaching (KCT)

Figure 2.1: Domains of Mathematical Knowledge for Teaching [1].

2.1.1 Related work

This section presents the literature review of the pre-service teachers” knowl-
edge of mathematical content. Today, it exists a clear concern about the pre-
service teachers’ training, since it influence the quality of the Primary Educa-
tion teaching at school.

Marti [51] stated that political pressure to evaluate the performance of
school students has led to the existence of educational evaluation systems
that regularly provide information on the international situation of learning
processes. These studies allow for comparisons between countries and are
used as a relative measure of existing overall quality. The most important in-
ternational studies for primary education and secondary school students are
PISA (Program for International Student Assessment) and TIMSS (Third In-
ternational Mathematics and Science Study). In most countries where these
tests are applied, deficiencies in mathematical knowledge of primary and sec-
ondary students have been revealed.

The TIMSS project evaluates the performance of students in mathematics
and science, quantifying the scope of learning in these two subjects, as well as
the context in which occurs [51]. TIMSS evaluates knowledge of mathemat-

ical content across four domains: numbers, algebra, geometry, and data and
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probability. Each of these domains presents goals and skills or abilities. More-
over, the questions are classified according to the cognitive domains known,
applyed and reasoned.

At TIMSS 2011, 2015 and 2019, 4th grade Spanish Primary Education
students scored 482, 505 and 502 points, respectively. These scores are be-
low the OECD (Organisation for Economic Cooperation and Development)
scores: 522, 525 and 527, respectively. According to [4], these low results are
related to poor teacher training, both in mathematical and teaching knowl-
edge. One of the most important international study in pre-service teachers
is the TEDM-S tests (Teacher Education Study in Mathematics). The compar-
ative TEDM-S study was carried out during the years 2006-2010 for primary
education and secondary school teachers in training with the participation
of 17 countries. Spain participated in the study in pre-service teachers of
primary education, obtaining 481 points in mathematical knowledge, below
the mean (500 points), evidencing deficiencies in knowledge of mathemati-
cal content and knowledge of didactics, which puts the preparation of initial
teacher training on alert.

It is important to mention the research presented in [52]. That research
is focused on TEDM-S tests and it indicates that the results are not positive
in the mathematical and didactic knowledge tests of mathematics compared
to the countries in our region. According to [53], the studies of pre-service
teachers are installed in compliance with minimums, and do not seem to find
sufficient incentives to attract better students or to differentiate themselves
from the rest through an improvement in the quality, both of its contents, and
of the practice.

Salinas [54] studied pre-service teachers the contents referring to school
mathematics, in the sense of remembering knowledge acquired in the first
stages of teaching. The author discussed the importance of understanding
position value to know and understand our decimal numbering system and
operations. It also notes that students have gaps in knowledge and concep-
tual errors in mathematical content that should have been acquired in the
early years of primary school.
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In the study presented in [55], the authors investigated the knowledge
of mathematics and the knowledge of mathematics teaching of teachers in
training. The authors found a connection between knowledge of mathemat-
ics and knowledge of mathematics teaching. It is suggested that candidates
for primary mathematics teachers must be educated in both the aspects of
mathematical knowledge and knowledge of pedagogical content.

In [56], the authors studied the mathematical concepts of area and perime-
ter of teachers in training. The authors found that many teachers in training
in all cohorts had a procedural understanding of area and perimeter, dis-
played similar misconceptions to their student counterparts, and had limited
ability to demonstrate examples of the mathematical knowledge required to

teach these subjects.

Nortes and Nortes [23] addressed errors and difficulties that future teach-
ers have in solving elementary mathematics problems when developing the
Mathematics test for entry into the Primary School Teachers’ Training in 2013
in the Community of Madrid, for contents corresponding to 6th grade of
Primary School. Most of the errors are due to poor learning of facts, skills
and previous concepts produced by misused data, lack of verification of the
solution and calculation errors. The percentage of error exceeds 50% in all
courses, with half of the students failing the test.

In [57], the authors analyzed the common knowledge of mathematical
content on fractions and decimals of students for elementary school teach-
ers. This was done through responses to a reagent test that involved the use
of fractions and decimals. Among the main results, it is worth noting that,
in most cases, future teachers present greater difficulty in solving problems
involving the use of fractions than those involving decimals.

In [58], the authors conducted research on mathematical knowledge of
future teachers in problem solving, applying the Final Assessment of Math-
ematical Competence of 6th Of Primary Education test of the community of
Madrid. The results indicated that one in three students does not exceed the
two applied assessments and that in the second (first course with mathemat-
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ics) one of the assessments does not exceed 50%. Of the total participants,
three out of twenty students answer all the questions well. Students had the
greatest difficulty in the equivalence between fraction, decimal and percent-
age, where only one in four students answers correctly.

More recently, Lo [59] studied pre-service primary teachers’ (PSPTs) math-
ematics performance on a set of question items measuring at the sixth grade
level. These items covered the five learning strands of the local primary math-
ematics curriculum number, algebra, measures, shape and space, and data
handling. The participants were 152 PSPTs who had chosen mathematics as
a major in an undergraduate teacher education program. Their strengths and
weaknesses in particular mathematics topics were identified. Across all four
years of the teacher education program, only 6% of the participants were able
to provide fully correct mathematical responses to all five items. Further, it is
surprising that merely 14% of graduating cohorts achieved a full mark for the
mathematical word problem that required them to show their working steps.
The authors suggested that issues relating to the preparation of mathematics
specialists should be further considered in primary mathematics education.

In a different approach, Barham [60] investigated the development of
problem-solving strategies demonstrated by 42 elementary pre-service math-
ematics teachers in problem-solving mathematics classes. The author used a
mixed methods approach of quantitative and qualitative research by analyz-
ing the collected data. The author revealed participants” weakness in apply-
ing the variety of skills required for success in problem solving, such as in-
terpreting information, mathematical working, and logical thinking. Results
also demonstrated a limited and incorrect use of mathematical terminology,
as well as a lack of problem comprehension.

Considering previous studies and taking into account that initial teacher
training is a key element for improving educational quality [61], one of the
purposes of this Thesis is to study the knowledge of the mathematical con-
tent that students possess at the beginning of the Primary Education Degree.
The idea is to detect deficiencies and difficulties that future teachers present
and try to overcome them. The research consists of applying a TIMSS-type
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test and analyzing the knowledge of the content domains of numbering and
geometry, and the cognitive domains of knowledge, application and reason-

mng.

2.2 Mathematics teaching efficacy beliefs

Bandura developed the self-efficacy theory ( [62], [63], [64]). That theory
is based on the principal assumption that psychological procedures serve as
means of creating and strengthening expectations of personal efficacy. Within
this analysis, efficacy expectations are distinguished from response-outcome
expectancies. An outcome expectancy is defined as a person’s estimate that
a given behaviour will lead to certain outcomes. An efficacy expectation is
the conviction that one can successfully execute the behaviour required to
produce the outcomes. According to Bandura, the strength of people’s con-
victions in their own effectiveness is likely to affect whether they will even try
to cope with given situations. People fear and tend to avoid threatening sit-
uations they believe exceed their coping skills, whereas they get involved in
activities and behave assuredly when they judge themselves capable of han-
dling situations that would otherwise be intimidating. Efficacy expectations
determine how much effort people will expend and how long they will per-
sist in facing obstacles and aversive experiences. The stronger the perceived
self- efficacy, the more active the efforts.

The self-efficacy is one’s personal judgement about how well they can
deal with a specific situation or task (social cognitive theory) [65]. A person’s
self-efficacy could influence the effort they put forth in a given situation and
how long they persist on a given task [66]. According to Bandura, people
fear and tend to avoid threatening situations they believe exceed their cop-
ing skills, whereas they get involved in activities and behave assuredly when
they judge themselves capable of handling situations that would otherwise
be intimidating. Efficacy expectations determine how much effort people will
expend and how long they will persist in facing obstacles and aversive expe-
riences. The stronger the perceived self-efficacy, the more active the efforts.
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Taking into account Bandura’s theory ( [62], [67]), studies on teachers’
efficacy beliefs consider two separate dimensions [68]. The first dimension,
personal teaching efficacy, represents a teacher’s belief in their skills and abil-
ities to be an effective teacher. The second dimension, teaching outcome
expectancy, is a teacher’s belief that effective teaching can bring about stu-
dent learning regardless of external factors such as home environment, fam-

ily background, and parental influences [69]).

Some researchers report that there exists relationship between efficacy be-
lief and academic performance in the area of mathematics (e.g., [70]). In ad-
dition, [71] determined that self-efficacy is a strong predictor of performance
in the pre-service teachers and that the outcome expectation is positively re-
lated to their performance. Furthermore, [72] investigated the resources of
mathematics self-efficacy and perception of science self-efficacy as predictors
of academic achievement. According to their obtained results, resources of
mathematics self-efficacy and perception of science self-efficacy are signifi-
cantly correlated with academic achievement in high levels of influence.

2.2.1 Related work

Literature research shows that teacher’s efficacy belief is an important
construct in teaching. Students learn more from teachers with high self-
efficacy than from those whose self-efficacy is low [32]. In the first part
of this section, existing researchers who studied the mathematics teaching
efficacy belief for pre-service teachers is presented.

Utley et al. [73] investigated the relationship between science and mathe-
matics teaching efficacy of pre-service teachers. Additionally, the authors in-
vestigated if the teacher efficacy beliefs about mathematics and science teach-
ing change during participation in methods courses and student teaching.
Their results showed that both the personal teaching efficacy and the out-
come expectancy beliefs increase during the science and mathematics courses.
However, they decrease slightly after the student teaching period. They pointed
out that as the pre-service teachers progress in their college coursework the

student’s optimism and enthusiasm tend to increase and then become blem-
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ished when confronted with the reality of the classroom.

In [69], the authors presented a longitudinal study of elementary pre-
service teachers’ mathematics beliefs and content knowledge. They conclude
that the teacher preparation programs can have an impact on the beliefs of
pre-service teachers about mathematics teaching and learning. At the end,
they pointed out that their research give them information about how to con-
struct their program, which may provide more opportunities to enforce the
pre-service beliefs about their efficacy.

Bursal [31] investigated Turkish pre-service elementary teachers’ self-efficacy

beliefs regarding mathematics and science teaching. Particularly, that work
is focused on the teaching self-efficacy beliefs of participants in elementary
mathematics and science (PMTE and PSTE). The outcome expectancy is not
studied, since according to Bursal, it is usually viewed to be inconsistent
among pre-service teachers. The reported results manifest that participants
with mathematics/science high school majors have significantly higher PMTE
and PSTE scores than those with other high school majors.

In a different approach, Newton et al. [74] examined the relationship be-
tween mathematics content knowledge and teacher efficacy during an ele-
mentary mathematics methods course. The authors founded a positive mod-
erate relationship between content knowledge and personal teaching efficacy.
However, the authors did not find any relationship between content knowl-
edge and outcome expectancy.

Moody and DuCloux [38] studied the mathematics teaching efficacy of
traditional and non-traditional elementary pre-service teachers enrolled in
a three-course, three-semester mathematics sequence. The authors showed
that non- traditional elementary pre-service teachers improve their self-efficacy
beliefs with regard to both personal teaching efficacy and outcome expectancy.
However, traditional pre-service teachers’ beliefs concerning outcome expectancy
do not change significantly.

A study presented in [75] investigated primary school teachers” charac-
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teristics by comparing their mathematics teaching self-efficacy beliefs. Their
results showed that teachers with a higher self-efficacy belief show a higher
level of effort and persistence with students. Besides, those teachers believe
in students” achievements and take responsibilities for students” success.

In [27], the authors analysed the elementary pre-service teachers’ self- ef-
ficacy for teaching mathematics. The authors showed that the pre-service
teachers had positive levels of efficacy regarding their mathematics teaching
abilities as well as positive levels of outcome expectancy for their students in
mathematics.

In a more recent approach [76], the authors investigated Influence of Self-
Efficacy and Self-Esteem on Attitude of Pre-Service Teachers towards Teach-
ing Profession. The authors revealed among others that self-efficacy, and self-
esteem have positive influence on attitude of Pre-Service teachers towards
teaching profession . It was concluded that pre-service teachers with high
self-efficacy and self-esteem has the potentials of excelling in teaching pro-

fession.

Mutlu et al. [77] the authors analysed pre-service mathematics teachers’
self-efficacy beliefs about using concrete models in teaching mathematics.
The authors demonstrated that the instruction had positive contributions on
the pre-service teachers’ self-efficacy beliefs. In addition, the authors revealed
that pre-service teachers had confidence in themselves about using concrete
models both as learners and as teachers. Moreover, they believed that using
concrete models would have positive consequences in teaching process and
students” learning. However, pre-service teachers had relatively low effica-

cies about classroom management.

In the second part of this section, existing research that studied the math-
ematics teaching efficacy belief for in-service teachers is presented.

There exist works that studied the influence of teaching experience on
teacher’s efficacy belief. Liu et al. [78] investigated 282 Taiwan elementary
teachers’ views of teaching efficacy and outcome expectations. Their study
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advocated the position that the years of teaching experience of elementary
science teachers have a significant impact on personal science teaching effi-

cacy and science teaching outcome expectations.

In [74], the authors examined the relationship between mathematics con-
tent knowledge and teacher efficacy during an elementary mathematics meth-
ods course. The authors founded a positive moderate relationship between
content knowledge and teaching self- efficacy. However, they did not find
any relationship between content knowledge and outcome expectancy.

Holzberger et al. [79] explored reciprocal effects of teachers” self-efficacy
and instructional quality in a longitudinal panel study. The authors studied
if the teachers’ self-efficacy beliefs affect their instructional quality or if it is
a re- verse effect perhaps more likely, with positive experiences in the class-
room positively impacting the development of teachers’ self-efficacy. Their
findings showed that teachers with higher self-efficacy did not necessarily
provide higher quality instruction, when measured with a 1-year time lag.
On the other hand, the authors showed that the self-efficacy of teachers not
only changes over the course of a school year but also increases in response
to experiences of success in the classroom.

A study presented in [75] investigated primary school teachers” charac-
teristics by comparing their mathematics teaching self-efficacy beliefs. The
author stated that teachers with a greater belief in self-efficacy show a higher
level of effort and persistence with students, being more open to new ideas
and new methods. In addition, these teachers believe in students” academic
achievements and take responsibility for student success.

Chang [33] examined the relationships between the efficacy of primary
math teachers with the self-efficacy and mathematical performance of their
students. Their results showed that mathematics teachers” beliefs of efficacy
have a significant influence on the self-efficacy and performance of their stu-

dents in mathematics.

More recently, Julaihi et al. [80] examined the confidence level and self-
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efficacy beliefs of Mathematics teachers, using an instrument adapted from
two reliable questionnaires: Trend in International Mathematics and Sciences
Study (TIMSS) and Teachers” Sense of Teaching Mathematics Efficacy Scale
(TSES). The respondents were 49 teachers from both primary and secondary
schools. The analysis reported that teachers have shown practically high con-
fidence level in teaching mathematics and they closely agreed on their beliefs
about their own teaching mathematics efficacy. The authors reported that
there were no significant differences in mean scores between teachers” confi-
dence level and self-efficacy beliefs across gender, highest education attained
and years of mathematics teaching. The correlations analysis showed a sig-
nificant positive strong relationship between teachers” confidence level and
self- efficacy beliefs.

Thomson and Walkowiak [81] studied the development of mathematics
efficacy trajectories for novice teachers over the course of their teacher prepa-
ration and into their first two years of teaching. Participants were gradu-
ates of an elementary primary program. Overall, quantitative results showed
that participants” efficacy trajectory increased during their teacher prepara-
tion program and decreased during their first years of teaching. Addition-
ally, efficacy trajectories were identified for particular groups that displayed
patterns of either increased or decreased efficacy over time.

Finally, there is research that studies factors that may influence teacher’s
efficacy beliefs. Some of these researches are detailed below.

The research presented in [82] analyzed the relationships between four
factors of teacher’s efficacy beliefs. Among the important factors analyzed
are teaching experience and level of teaching. The authors found, in a sam-
ple of 321 teachers, that experience and level of teaching influence the self-
efficacy of teachers. In addition, the results indicated that teachers who be-
lieve they can motivate students to achieve better academic performance give
less evidence of stress than teachers who believe that neither they nor other
teachers can affect student performance.

Gavora et al. [83] studied the measurement of the self-efficacy of in-service
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teachers. Specifically, the authors studied the teaching experience factor and
found, in a sample of 217 teachers, that serving teachers with more than 5
years of teaching experience have higher arithmetic mean scores than teach-
ers with less than 5 years of experience in the teacher ’s efficacy beliefs. The
authors also indicated that highly qualified teachers in teaching score high
scores in self-efficacy.

In a different study, Takunyaci and Takunyaci [84] determined preschool
teacher’s efficacy beliefs concerning mathematics teaching using the Mathe-
matics Teaching Efficacy Belief Instrument (MTEBI). The authors showed that
the teachers’ efficacy beliefs on teaching mathematics depends on their years
of experience. Particularly, their results evidenced that the preschool teach-
ers who have 13 and more years of teaching experience presented significant
higher values of teachers’ efficacy beliefs than the teachers did with less years
of teaching experience.

In [85], the authors studied the correlation between perception of self-
efficacy and teaching performance and posed six research questions. One of
the questions posed: is there any difference in teacher self-efficacy in relation
to the level they teach? The researchers found, in a sample of 26 primary
and pre-primary teachers, that teachers teaching in primary education re-
ported a higher arithmetic average of self-efficacy in all its dimensions than
pre-primary teachers.

Ngidi and Ngidi [86] examined the factors that influence the sense of self
efficacy of pre-service teachers. The authors revealed that pre-service teach-
ers differed in terms of the extent of their teaching self-efficacy. Furthermore,
the authors also showed that the program of study emerged as a significant
predictor of efficacy in the classroom management subscale of teaching self-
efficacy.

Results obtained in the above presented studies evidence the importance
of improving the primary pre-service and in-service teachers’ self-efficacy for
teaching mathematics. As mentioned earlier, this Thesis studies teachers’ ef-
ficacy beliefs of pre-service and in-service teachers.
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2.3 Attitude towards mathematics

Attitude is a learned disposition or tendency on the part of an individ-
ual to respond positively or negatively to some object, situation, concept or
another person [87]. Neale [88] defined attitude to mathematics as an aggre-
gated measure of a liking or disliking of mathematics, a tendency to engage
or avoid mathematical activities, a belief that one is good or bad at mathe-
matics, and a belief that mathematics is useful or useless. Attitude refers to
a learned tendency of a person to respond positively or negatively towards
an object, situation, a concept, or a person. It is also regarded as a belief held
by individuals that reflects their opinions and feelings and can be sometimes
manifested in behaviour [89]. Attitudes, behaviour, and feelings are interre-
lated in such a way that people’s attitudes determine their behaviour towards

objects, situations, and people [90].

In [91], the authors defined university academic achievement as a result
of learning, aroused by the educational activity of the teacher and produced
in the student, although it is clear that not all learning is the product of teach-
ing action. The performance is expressed in a qualitative, quantitative and
qualitative in many cases, a note that if it is consistent and valid will be the
reflection of a certain learning or the achievement of pre-established objec-
tives. It is necessary to establish the difference between school achievement
and academic performance. Academic or school performance is based on
the budget that the student is responsible for their performance. In addition,
school achievement refers to the teaching-learning process, whose levels of
efficiency are responsible for both the teacher and the learner [92]. Some
researchers reported that it has been shown that there is a statistically sig-
nificant relationship between achievement in mathematics and the attitude
towards mathematics [93], [94].

Several researchers suggested that the pre-service teachers should have a
positive attitude towards mathematics, because it influences their mathemat-
ics academic achievement. Moreover, they can have a positive effect on the
learning of their students in the future ( [95], [43]). However, results of previ-
ous studies show that teachers of all levels of education often have negative
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attitudes towards mathematics (e.g., [36], [37]). Besides, other researchers
indicated that primary pre-service teachers, worldwide, possessed negative
attitudes towards mathematics and fears about the teaching of mathematics

(e.g., [96], [42]).

2.3.1 Related work

There are several researchers who highlighted the importance of study-
ing teachers’ efficacy beliefs in teaching mathematics and attitude towards
mathematics as both factors significantly influence the students” academic
performance (e.g., [97], [98], [75], [33] [99]). In [98], the authors studied the
relationship between the mathematical anxiety of elementary school teach-
ers, mathematics instructional practices, and students” performance in math-
ematics. The authors showed that low-level beliefs in self-efficacy to teach
mathematics could cause mathematical anxiety, which, at the same time, can
negatively influence student performance. In addition, the authors found a
positive relationship between mathematics anxiety and anxiety about teach-
ing mathematics. Moreover, they found that the increase in student perfor-
mance in mathematics was related to lower levels of anxiety from teaching

mathematics, but was not related to general anxiety about mathematics.

The results presented in [100] showed that the attitude towards Mathe-
matics in primary pre-teachers is very low. In addition, the authors indicated
that the students perceive the teacher’s attitude. Therefore, if the attitude of
the teacher is not positive, it negatively influences the attitude of their stu-
dents. Flores and Auzmendi [99] stated that the attitude towards mathemat-
ics of future teachers is generally high positive. The authors indicated that
the teachers have the responsibility to develop positive attitudes among their
students.

In a different study, Fachrudin et al. [101] examined Pre-Service Mathe-
matics Teachers” (PSMTs) general knowledge of PISA and their attitudes and
beliefs towards using PISA-based problem in mathematics. The authors re-
vealed the poor score results of PSMTs knowledge of PISA. Additionally, they
stated that the teacher education program needs to improve the PSMTs PISA
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skills and knowledge. Also, the result regarding PSMTs attitude and belief
indicate that almost all the participants have positive attitude and belief to-

ward using PISA-Based problem in teaching mathematics.

More recently [39], the authors studied the relationship between teach-
ers’ knowledge, beliefs and instructional practices based on a sample of 495
pre-service mathematics teachers. Results indicated that Chinese pre-service
mathematics teachers tend to hold mixed beliefs about the nature of mathe-
matics, and a constructivist view about mathematics teaching and learning,

and that they are inclined to report that their teaching is inquiry-oriented.

Taking into account the above presented works, this Thesis aims at study-
ing the relationship between pre-service teachers’ attitude towards mathe-

matics with their mathematics academic achievement.
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Chapter

Knowledge of Numbers and Geometry

his chapter aims at studying the mathematical knowledge of first-year
T students of the Primary Education Bachelor Degree. Besides, this work
also pretends to analyse their common errors in detail. To carry out this study,
20 questions from the TIMSS 2011 test were selected. Specifically, the selected
questions correspond to numbers and geometry content.

3.1 Introduction

The study of mathematical knowledge in the initial training of pre-teachers
is essential, since the knowledge of the teachers influences that of the stu-
dents. In fact, there are a series of research that assess the knowledge of
teachers in training (e.g., [55], [102], [4], [103], [104] ).

3.2 Purpose of the study

In a first part, scores obtained in each of the questions are studied. The
goal is to detect possible weakness and misunderstandings that the pre-teachers
may present. Additionally, the procedures they use to solve the problem type
questions are also studied. Specifically, in the first part of the analysis, ob-
tained scores in each question are shown considering numbers and geometry
domains separately. Besides, obtained grades of students at the test are stud-
ied. Moreover, percentages of obtained correct, blank, and wrong problem
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questions are also exposed. Finally, the mistakes made by pre-service teach-
ers in the problem type questions of the test are studied in detail. In a second
part of the analysis, four hypotheses are constructed, considering four differ-
ent variables:

1. H1.There is no significant difference between the mean score of stu-
dents graduated from the Baccalaureate in Science and those in Hu-
manities and Social Sciences.

2. H2. There is no significant difference between the mean score of stu-
dents who have not taken mathematics in the last two years and those
who have.

3. H3. There is no significant difference between the average score of the
questions corresponding to numbers content and those corresponding
to geometry content.

4. H4. There is no significant difference between the mean scores obtained
in the questions corresponding to each cognitive domain (knowing,
analysing and reasoning).

3.3 Methodology

In this research, descriptive and inferential statistics are used for the anal-
ysis of the information, with the purpose of of analyzing the results.

3.3.1 Participants

The sample used in this investigation is a purposive sample [105]. The
population under study corresponds to the first year students of the Primary
Education Degree at the Rovira and Virgili University in the 2018/2019 aca-
demic year. Specifically, the test was applied to 97 students, representing 71%
of the total population enrolled in the first year. For more details of the of the
Bachelor Degree in Primary Education at Rovira and Virgili University see
section 1.2. The participation was anonymous and voluntary. It is impor-
tant to note that students in the Primary Education Degree do not receive a
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specific training as mathematics teachers. All students have three mandatory
mathematics teaching and learning courses.

3.3.2 Instrument

The instrument used to carry out the research gathers information on the
knowledge of mathematical content in numbers and geometry. These two
content domains were selected since previous studies have pointed out the
importance of learning arithmetic (numbers) (e.g., [49]) and geometry (e.g.,
[50]) in the mathematical training of future teachers.

Measuring teacher knowledge is a complex task and there is little con-
sensus on how it should be done [106]. From the beginning, the scheme
and procedures of the TIMSS study were consolidated as valid for assess-
ing mathematical knowledge [4]. For this reason, and also to consider inter-
national statements, the test was prepared from the questions released from
TIMSS 2011. Considering the Mathematical Content Domain of Secondary
Compulsory Education (ESO), 20 questions were selected: 12 questions from
the Number Content Domain (Q1-Q12), representing the 60% of the test, and
8 questions from the Geometry Content Domain (Q13-Q20), representing the
40% of it. It should be highlighted that eleven questions were posed to force
the students to write the process they followed to answer the question. These
items will be referred as problem questions (Q5, Q6, Q7, Q8, Q9, Q10, Q11,
Q12, Q17, Q18, Q19 and Q20). The other questions maintain the structure of
the TIMSS test and will be referred as objective questions.

The details of the used test are presented in the Appendix A.

Reliability

To determine the construct validity of the test, the Exploratory Factor
Analysis methods were used. In particular, the Kaiser-Meyer-Olkin (KMO)
and Bartlett’s Sphericity Test (BTS) ([107], [108]) were used (KMO = 0.64, p <
0.001). Moreover, the Kaiser-Meyer- Olkin test (KMO) indicates the adequacy
of the sample size used. Besides, the Bartlett Sphericity Test (BTS) indicates
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that the correlations between items is not an identity matrix. The extracted
factors explain 65% of the total variance of the data. The item-corrected item-
total correlations of the items in the scale vary 0.32 and 0.62. In addition, the
reliability of the test was determined by the Cronbach alpha coefficient of in-
ternal consistency [109]. The obtained value of & = 0.79 evidences that the
reliability is acceptable, following the rules presented in [110].

3.3.3 Data analysis

The students who attended the first day of classes were given 40 minutes
to answer the 20 questions of the test. Then, we proceeded to generate a
database with all the information provided by the test.

In order to grade the test, the following details were set: the objective
questions are scored 0 or 1, depending on whether they were correct or in-
correct. In the case of the problem type questions, the procedure of solving
the questions is also taken into account in addition to the answers. Specifi-
cally, the score is 0 if both the answer and procedure are incorrect, 0.5 if the
answer or procedure is correct, and 1 if both are correct. The test is scored
on a scale from 0 up to 10. All calculations of the descriptive and inferential
statistics were performed using the R programming language. The graphs
were generated through Microsoft Excel and R programming language.

3.4 Results

In this section, results obtained in the TIMSS type test are analyzed in de-
tail. Concretely, results are studied by considering two clearly different parts,
as mentioned in the introduction section. The first part consists of study-
ing the obtained scores, considering numbers and geometry content domains
separately. Additionally, the mistakes made by the pre-service teachers in the
problem type questions of the test are also studied. In the second part, four
hypothesis are constructed, each one studying a different variable.
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3.4.1 Studying scores and solving processes of the questions

Comparing scores obtained in numbers and geometry contain domains

This subsection compares results obtained in numbers and geometry con-
tent domains. Figure 3.1 shows the mean obtained in each question of the
numbers content domain. If the scores corresponding to the 12 numbers con-
tent questions are taken, a mean of 6.54 and a standard deviation of 1.65 are
obtained (the mean obtained by taking all the questions of the test is 6.14).

Arithmetic mean
L= I R R L = B I - I = T )

Ql Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9% Qlo QI1 Q12
Questions

Figure 3.1: Results of numbers content domain questions.

Figure 3.1 shows that the question with the highest score is Q4, with a
mean of 9.79. The questions with the lowest scores are Q10 and Q12, with a

mean of 3.4 and 4.9, respectively.

According to TIMSS 2011 [111], question Q4 is in the content domain of
numbers and the cognitive domain of applying. Within the content domain
of numbers, it is associated with the topic of fractions and decimals. The ob-
jective of the question is to represent and operate with fractions and decimals,
using models (number lines), and to identify and use these representations.

Question Q10 corresponds to the cognitive domain of applying and it is
associated with the topics ratio, proportion, and percentage. The goal is to
identify and find equivalent ratios, model a given situation using a ratio.

Lastly, question Q12 is classified within the cognitive domain of reasoning
and is on the topic of organization and representation of data. The goal is to

45



UNIVERSITAT ROVIRA | VIRGILI
PRE-SERVICE TEACHERS' MATHEMATICS TEACHING BELIEFS AND MATHEMATICAL CONTENT KNOWLEDGE

Jaime Rodrigo Segarra Escandon . . .
34 Studying scores and solving processes of the questions

read scales and data from tables, pictograms, bar charts, pie charts, and line
charts. Additionally, this question is associated with deducing the pattern

that the values represent in the given graphs.

Similarly, Figure 3.2 illustrates the mean obtained in each of the questions
in the geometry content domain. The mean obtained in this domain is 5.54
and the standard deviation is 2.57. Recall that the mean and standard devia-

tion obtained by taking all the questions are 6.14 and 1.76, respectively.

—_
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Figure 3.2: Results of geometry content domain questions.

In Figure 3.2, the question with the highest score is Q14, with an average
of 7.84. The questions with the lowest scores are Q18, Q19 and Q20, with a
mean of 3.09, 4.23 and 2.84, respectively.

Question Q14 is in the applying cognitive domain. It belongs to the theme
of geometric shapes and spatial reasoning. The goal is to recognize geomet-
ric properties in two dimensions or three dimensions forms, including linear
and rotational symmetry. Both Q18 and Q19 are from the cognitive domain
of applying and question Q20 is from reasoning. These questions refer to
the topic of geometric measurements and are associated with the objective of
selecting and using appropriate measurement formulas for perimeters, cir-

cumferences, areas, surfaces, and volumes.
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Score range analysis: suspended, approved, notable and excellent

In this subsection, the obtained scores in the test are classified in suspense
(0 —4.9), approved (5 — 6.9), notable (7 — 8.9) and excellent (9 — 10). Fig-
ure 3.3 shows the percentage of pre-service teachers that obtain each of these
scales.

[

S 25 u Numbers
220 Geometry

10
. .
0

Suspense  Approved Notable Excellent

Figure 3.3: Percentage of pre-teachers obtaining each scale.

As shown in Figure 3.3, there is a considerable percentage of students at
the exceptionally low learning level (suspended): 14% in numbers content
and 36% in geometry content, a remarkably higher number.

At the approved level, we have 43% in numbers content compared to 37%
in geometry content, and in notable level we get 35% in numbers content and
18% in geometry content. Notice that at this level there is a considerable
difference between the two domains. Finally, the excellent level has 8% in
numbers content and 9% in geometry content.

Results of correct, blank and erroneous questions

This section analyses the answers that the students have provided in the
case of problem type questions. Specifically, Figure 3.4 shows, for each ques-
tion, the percentage of students who answered it well, the ones who left it
blank and the ones that made mistakes.

In Figure 3.4, it is observe that the question with the greatest difficulty
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Figure 3.4: Percentage of correct, blank and error answers in each of the questions.

in the number domain is Q10: only 29% of the students answer it correctly,
53% make some kind of error and 18% of students let it blank. This question
belongs to the cognitive domain of applying. In contrast, Q9 is the question
with the highest percentage of students who answer it well, with 88% of cor-
rect answers, 10% of erroneous answers and only 2% of blank answers. This
question is in the cognitive domain of knowledge.

In the case of the geometry content domain, the most difficult question
for the students is Q20, in the reasoning cognitive domain: 19% answered it
correctly, 42% made mistakes, and 39% of students leave it blank. Question
Q17, on the other hand, is the question with the highest percentage of correct
answers, with 56% of correct answers, 25% of erroneous answers and 19% of
blank answers. This question is in the cognitive domain of knowledge. More-
over, it can be seen that the percentage of students who did not include the
procedure of the problems in the resolution is very high, especially in the fol-
lowing questions: Q6 and Q12 (34%), Q7 (27%), Q18 (30%), Q19 (28%) and
Q20 (39%). It is also important to highlight that some questions have a high
error rate: Q6 (28%), Q7 and Q12 (30%), Q8 (55%), Q10 (53%), Q11 (54%),
Q18 (46%), Q19 (40%) and Q20 (42%). Lastly, notice that the percentage of
corrected answers is very low in some questions. Specifically, the ones with
less than 40% of corrected answers are the following: Q6 (38%), Q8 (32%),
Q10 (29%), Q12 (36%), Q18 (24%), Q19 (32%) and Q20 (19%).

48



UNIVERSITAT ROVIRA | VIRGILI
PRE-SERVICE TEACHERS' MATHEMATICS TEACHING BELIEFS AND MATHEMATICAL CONTENT KNOWLEDGE

Jaime Rodrigo S Escando
aime Rodrigo éfférlgtesrc%f %nowledge of Numbers and Geometry

3.4.2 Common errors in the problem type questions

General errors

This section studies in detail the errors made by the students in some of
the problem type questions. Specifically, to carry out that study, the problem
type questions with an arithmetic mean of less than 5 in an interval from 0 to
10 are considered. In the number content domain, the questions correspond
to Q10 and Q12, and in the Geometry content domain they correspond to
Q18, PQ9 and Q20.

Each of the questions and examples of the common mistakes made by the
students are shown below. Specifically, for each studied error, the percentage

of students who make it is detail.

3
Q10 (Ana and Jenny divide 560 euros between them. If Jenny gets 3 of the
money, how many Euros will Ana have? See the complete test in Appendix A ).
Figure 3.5 show two of the most common errors found in this question.

e 560 LB~ . L "
30 LA
‘3@— R & ¥
Z10) .

Figure 3.5: Examples of errors in question P10.

The error shown in Figure 3.5 (left) is due to a lack of understanding of
the problem and/or incorrect reasoning. The 25% of students who make mis-
takes in this question present this difficulty. The students calculate the money
obtained from Jenny and not from Ana. It is observed that they perform the

calculation of 3 of 560 obtaining a result of 210. Hence, the process is incom-
plete since the subtraction of 560 — 210 = 350 is missing. The 75% of students
make errors in which the non-understanding of fractions is identified. See
Figure 3.5 (right) as example. Moreover, it is also detected that the students
have not carried out a final check to validate if they have really responded

what is requested.
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Question Q12 (The graph shows the sales of two types of soda for 4 years. If
sales trends continue for the next 10 years, determine the year in which the sales of
Guinda Cola will be equal to the sales of Limén Cola. See Appendix A for details).
In this case, 34% of the students the students leave the question blank; and in
30% of the incorrect answers, the pre-service teachers do not include a correct
reasoning. The wrong answers are diverse, most are meaningless and do not

provide important information. Therefore, no example was added.

Q18 (The area of a square is 144cm>. What is the perimeter of the square? See
Appendix A for details). The 34% of students make mistakes like the one shown
in Figure 3.6 (left). This error occurs because they do not know the formula
for the area of the square. Notice that to calculate the length of the side of the
square, the students divide by 2 instead of calculating the square root. The
value of the side length of the square wrongly calculated by the students is
72cm and the perimeter is 288cm. The 53% of students make errors following
the logic shown in Figure 3.6 (right). It is observed that they do calculate the
square root of 144, but they do not multiply the result by 4, leaving 12 as the
result, which represents the length of the side of the square. The remaining
13% of students present remarkably diverse errors, evidencing the lack of
knowledge of the formulas and the process to be carried out. It is manifested
that they do not have a clear notion of the area nor of the perimeter.

3 Proces:
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Figure 3.6: Examples of errors in question P18.

Q19 (In the figure below, what is the area in cm of the shaded region? See Ap-
pendix A for details). The 30% of the students calculate the area of the un-
shaded region, as shown in Figure 3.7 (left). It seems that they do not un-
derstand correctly the problem statement or that they do not know how to
solve it. The 20% of student try t o calculate the shaded area, as shown in Fig-
ure 3.7 (right), but the students do not know the formulas to reach the correct

solution.
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Figure 3.7: Examples of errors in question Q19.

Q20 (Rauil is packing books in a rectangular box. All books are the same size.
What is the largest number of books that will fit in the box? See Appendix A for
details). Some of the procedures given by the students are shown in Figure 3.8.

05 s 30 x70 2% iA (C
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Figure 3.8: Examples of errors in question Q20.

The errors shown in Figure 3.8 evidence that students do not understand
the problem or do not know how to reach the solution. It should be noted
that, unlike other questions, this requires an effort of reasoning. A percent-
age of 39% of the students leave this question blank. Others try to solve it, but
few succeed. In fact, in this question the students present a great diversity of
errors. For example, in the case of Figure 3.8 (left), the procedure used by the
student shows that he/she is not considering the organization of the books:
he leaves spaces in the box. In the procedure shown in Figure 3.8 (right),
the student makes adequate reasoning, but he/she does not correctly mas-
ter the basic operations and this prevents him/her from reaching the correct
solution.

Errors about the decimal number system

This subsection shows examples of errors that students present in con-
siderably basic concepts and procedures. There exist important deficiencies
when manipulating the numbers, showing little control over the properties
of the decimal number system. Below are some of these errors, grouped by

similarity.
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3.4.2 Common errors in the problem type questions

Figure 3.9 shows the first group of errors which are due to difficulties in

understanding the positional value of the digit.

(¢ 7]
B0 l%ﬁ) :._%t -0

% o

Figure 3.9: Basic errors 1 (positional value of the digits.

In the first example (Figure 3.9 (1)), although whole tens are subtracted,
the result does not correspond to whole tens (280 — 70 gives 209). The other
three examples correspond to sums with decimal numbers. In Example 2,
the student adds a 0 to the tenths place. In Example 3, the student adds
the decimal part and the integer part separately. Finally, in Example 4, the
student does not add the numbers correctly. Recall that both the positional
value of the digits and the decimal numbers are contents that are taught in
Primary Education.

Figure 3.10 shows examples where students make an error when comput-
ing a product between two quantities. It is interesting to highlight the case in
which the student responds that 6 x 8 is 49, an odd number. This fact shows
that this student does not understand some of the basic properties of num-
bers (the product of two even numbers cannot result in an odd number). As
in the case of the previous basic errors (Figure 3.11), these types of properties
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are taught in Primary Education.
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Figure 3.10: Basic errors 2 (Multiplication tables).

The examples of errors in the Figure 3.11 show that students present diffi-
culties in developing the division algorithm (examples 1 and 2) and concep-

tual errors in the properties of decimal numbers (example 3).
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Figure 3.11: Basic errors 3 (Division algorithm).
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3.4.3 Studying the relation between results and four different vari-
ables

Type of baccalaureate studied by students of the Primary Education Degree

Hypothesis 1. In this subsection, the scores obtained by the students who
completed the Baccalaureate in Science are compared with those who com-
pleted the Baccalaureate of Humanities and Social Sciences. In the current
sample, 22% of students come from the Baccalaureate in Sciences, 61% from
the Baccalaureate in Humanities and Social Sciences, 4% from the Baccalau-
reate in Arts and 13% other studies.

Figure 3.12 shows the box plot of the total scores obtain by the students
who came from the Baccalaureate in Sciences and those who attended the
Baccalaureate of Humanities and Social Sciences. This type of diagram al-
lows to identify the first and third quartiles, the median (horizontal line) and
the mean (marked with a dot). The whiskers extend from the box to the
maximum and minimum values. Three diagrams are shown: the one cor-
responding to the scores of the entire test (Total), and, separately, the scores
corresponding to the numbers geometry domains, respectively.

S
'

Gxg¥%xg

" Numbers " Geometry
Science Social S. Science Social S. Science Social S.

Figure 3.12: Total scores, scores of number questions and scores of geometry ques-
tions obtained according to the type of baccalaureate.

Table 3.1 shows that the scores obtained by the students coming from the
Baccalaureate in Sciences are in general superior to the ones who come from

the Baccalaureate of Humanities and Social Sciences. In the results of the test

54



UNIVERSITAT ROVIRA | VIRGILI
PRE-SERVICE TEACHERS' MATHEMATICS TEACHING BELIEFS AND MATHEMATICAL CONTENT KNOWLEDGE

Jaime Rodrigo Sggarra Escandg
me e é%z;rpter 3. %nowledge of Numbers and Geometry

that includes the two domains of mathematical content (Total), 25% of the stu-
dents from Science (Q1) have grades lower than 5.44 and another 25% (Q2)
grades lower than 7. In the case of students who come from Humanities and
Social Sciences, 25% of the marks are less than 4.75 (Q1) and 50% less than
6 (Q2). In addition, the two types of baccalaureate obtain a negative asym-
metric distribution (that is, in both cases there is greater dispersion of data in
values below the median). Notice that the difference between both groups of
baccalaureate is similar in the case of numbers content and geometry content.

Table 3.1 summarizes the values of the mean and standard deviation of
the scores obtained considering the questions all the questions (Total), the
ones corresponding to the numbers content domain and the ones correspond-
ing to geometry domain. A statistical test is performed to analyse whether the
difference between the means obtained in each domain is statistically signifi-
cant. Specifically, the t-student test is applied, taking the parameter « = 0.05
with a significance level of 5%.

Table 3.1: Mean and standard deviation in the case of students from the Baccalaure-
ates of Sciences and of Humanities and Social Sciences

Total Numbers Geometry
Science Social S. Science SocialS. Science Social S.
Mean 6.83 5.94 7.17 6.38 6.30 5.29
S.D. 1.50 1.78 1.33 1.74 2.39 2.57
p — valor 0.016 0.017 0.049

Taking into account the obtained p — value (p = 0.016), in H1 it could
be said than, there is significant difference between the mean score of the
students graduated from Baccalaureate Science with those of Humanities
and Social Sciences. Besides, there is a significant difference in the mean
score obtained in each content domain: numbers (p = 0.017) and geome-
try (p = 0.049). Thus, it can be affirmed that there are significant differences
between the results of the students from the two baccalaureates considering
all the questions (total) and also taking the ones corresponding to each con-

tent domain.
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Time without receiving lessons of mathematics

Hypothesis 2. This subsection studies the relationship of the results corre-
sponding to students who have had the subject of mathematics in the last two
years (39% of the participants) with those of students who have not studied
mathematics in the last two years (61% of participants).

Figure 3.13 shows the box-plot of the results corresponding to two studied
groups of students (<= 2,> 2). As in the previous case, the total score and
the scores obtained in each mathematical content domain are shown.
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Figure 3.13: Total scores, scores of number questions and scores of geometry ques-
tions obtained depending on the time without receiving lessons of mathematics.

Figure 3.13 shows that the students who have studied mathematics in the
last two years clearly score higher. The median obtained on the test by these
students is 6.50, while the one obtained by students who have not had math-
ematics in the last two years is 6.00. According to the mathematical content
domain, the most noticeable difference between both groups of students is
given in geometry, obtaining in the first and second groups a median of 6.88
and 5.00, respectively.

Table 3.2 shows the mean and standard deviation obtained by each stud-
ied group of questions (total, numbers, and geometry) and the p — value re-
sulting from the applying of the t — Student statistical test.

With a value of p = 0.0012, the null hypothesis is rejected . In other words,
the difference between the mean of the scores obtained is statistically signif-
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Table 3.2: Mean, standard deviation and p — value between means of the two stud-

ied groups
Total Numbers Geometry
<2 >2 <2 >2 < >2
Mean 6.82 570 701 6.23 653 490
Standard deviation 1.78 1.60 1.77 150 247 244
p — valor 0.012 0.014 0.0011

icantly greater in students who have had mathematics in the last two years.
This significant difference is evidenced in the two domains of mathematical
content: numbers (p = 0.014) and geometry (p = 0.0011).

Significant differences between numbers and geometry

Hypothesis 3.  This subsection aims at studying if there is a signifi-
cant difference between the mean obtained in the questions corresponding
to numbers content domain and the ones corresponding to the geometry do-
main. Figure 3.14 shows the box-plot of the distribution of the scores ob-
tained in the questions corresponding to the numbers and geometry content

domains.

8 |
5 —
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2 i
0 - i
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Numbers Geometry

Figure 3.14: Scores obtained in the questions corresponding to numbers and geome-
try content domains.)
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In the numbers content domain, 50% of students score below 6.67. In
the geometry domain, on the other hand, the median is 5.63, indicating that
50% of students have grades below that value. In the number domain, the
obtained distribution is a negative asymmetric one, while in the geometry
domain the distribution is symmetric.

Table 3.3 shows the mean and standard deviation of the scores obtained in
the number and geometry domains, respectively. In addition, a statistical test
has been carried out to analyse whether the difference between the means is
significant.

Table 3.3: Mean, standard deviation and p — value between means of the two stud-

ied groups
Numbers Geometry
Mean 6.54 5.54
Standard deviation 1.65 257
p-valor 0.0015

From the results shown in Table 3.3 (p = 0.00153), the null hypothesis
is rejected. Thus, there is a significant difference between the results corre-
sponding to questions of the number domain and the ones of the geometry

domain.

Scores according to cognitive domain (knowing, applying and reasoning).

Hypothesis 4. In this section we analyse the results obtained according to
the cognitive domain: knowing, applying, and reasoning. Figure 3.15 shows
the box-plot of the scores obtained by the students in the test in the questions
corresponding to each cognitive domain.

In knowledge, 50% of students have grades below 7.50, while in applying
and reasoning the obtained medians are 5.83 and 4, respectively. To check
the hypothesis of the homogeneity of the cognitive domain groups of the ap-
plied test, the analysis of variance (ANOVA) is used. The ANOVA test results
(F = 56.6; p < 0.001), which implies that there are statistically significant dif-
ferences in the studied groups. Then, Tukey’s HSD (Honestly Significant Dif-
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Knowing Applying Reasoning

Figure 3.15: Scores according to cognitive domain (knowing, applying and reason-

ing.

ference) statistical test is applied to determine in which groups that difference
exists. The HSD test shows that there are significant differences between: ap-
plying and knowing (p < 0.01), reasoning and knowing (p < 0.01), and
reasoning and applying (p < 0.01).

3.5 Discussion

In the first part of the analysis, the results were studied by content. At this
point, it is evident that the pre-service teachers have more difficulty in solv-
ing problems of geometry content than that of numbers content. Moreover,
the level of student performance was analysed and classified as: suspended,
approved, notable and excellent. There is a clear concern about the high per-
centage of students who failed the applied test. Results showed that students
have more difficulty in geometry than in numbers, as in [112].

Besides, the results for each of the problem type questions were analysed
separately into correct, blank and wrong. In numbers, 6 of the 8 questions
did not reach 50% of correct answers, while in geometry, that happened in 3
of the 4 questions. Furthermore, in 3 number questions, more than 50% of the
students made some kind of mistake. In 3 of the geometry questions, more
than 40% of the students made a mistake. These results are alarming since

59



UNIVERSITAT ROVIRA | VIRGILI
PRE-SERVICE TEACHERS' MATHEMATICS TEACHING BELIEFS AND MATHEMATICAL CONTENT KNOWLEDGE

Jaime Rodrigo Segarra Escandon . .
3.5 Discussion

the test is composed of content taught in Primary Education. This situation
is also evident in other research on future teachers, as for example in [102],
which shows that pre-service teachers do not have the mathematical skills
they are supposed to have after completing their compulsory education.

The first part of analysis ends showing some of the mistakes made by
students in the problem type questions. First, we study the errors that some
students made in questions with an arithmetic mean of less than 5. Students
have difficulty in remembering the formulas of area and perimeter of the
square and rectangle. Similarly, they do not know the formula for the volume
of a prism. These results are in accord with the research presented in [56],
where the authors indicated that students have deficiencies in solving area
and perimeter problems. Finally, the errors on the decimal number system
are analysed. In [19] , authors highlighted concerns about some aspects of
teacher content knowledge practice. Specifically, these concerns are mainly
about the knowledge of decimals. The current research verifies that some
students made mistakes in basic operations. Concretely, students made errors
in addition, multiplication, and the division algorithm. It is important to note
that some studies have showed that limited decimal knowledge affects the
ability of teachers-in-training to identify errors in student thinking and to
apply appropriate teaching approaches [113].

In the second part of the analysis, four hypotheses were constructed. In
the first hypothesis the obtained results were analysed according to the type
of baccalaureate (H1). It has been shown that there are significant differences
between the two groups. First year students of the Primary Education De-
gree who come from a Science Baccalaureate obtained a higher average than
those who studied the Humanities and Social Sciences Baccalaureate. This
result corroborates what was said in ( [114], [115]). Specifically, they pointed
out that students coming from the Bachelor of Science obtained better results
in the applied mathematics tests and were the most motivated. Then, hy-
pothesis 2 was verified: students who have had the subject of mathematics
in the last two years obtained a higher average than those who have not had
mathematics in the last two years. Statistical analysis has shown that the dif-
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ference between both averages is statistically significant. In the mathematical
content domain, answering the H3, a statistically significant difference is evi-
dent between the mean of the scores obtained in the numbers domain and in
the geometry domain. We agree with [116], where geometry is the block with
the worst results. Moreover, in the cognitive domain, there are significant
differences in the three groups posed in the test, rejecting the null hypothesis
posed in H4. It is observed that the students have difficulties in developing
the problems aimed at applying and reasoning (assessment by skills). These
results are consistent with those presented in [117] in which it was shown
that students have great difficulty in solving real-life problem situations.

We believe that in order to improve the quality of teacher training and,
consequently, the quality of mathematics teaching at Primary Education level,
it would be interesting to apply a diagnostic test at the beginning of the first
teaching and learning mathematics course included in the Bachelor Degree.
In fact, this is what it has been done in this current chapter. Then, the errors
and difficulties that students present in this test would have to be analysed
and tackled during that course. We agree with the idea exposed in [118] that
claims that a youngster can learn from his mistakes since it allows his peers
or the teacher to help him complete the additional knowledge.

Based on the errors and difficulties presented by the students in this cur-
rent chapter, it would be necessary to adapt the content of the teaching and
learning mathematics course with the purpose of reinforcing some contents
and including others.

One of the key points to improve the quality of teacher education would
be to achieve that all students entering the Primary Education Bachelor De-
gree understood the basic mathematical knowledge learned in primary and
secondary school. In some cases, students may have forgotten them, but in
most cases, the problem is that they did not understand them at the time.
Therefore, this research proposes to design an initial course of mathematical
knowledge for students who have not had mathematics in the last two years
and students who have weaknesses in learning numbers content and geom-
etry content. This course would have two thematic blocks, namely numbers
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content and geometry content. It would aim at strengthening the cognitive
abilities to analyse and reason of pre-teachers.

Finally, it is important to emphasize that the research presented in this
chapter can be useful for any University dedicated to initial teacher training,
and also for primary and secondary schools. The purpose is to improve the
quality of teaching and learning mathematics.
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Chapter ﬂ

Pre-service teachers’ belief about the efficacy of

their mathematics teaching

his chapter aims at analysing the pre-service teachers’ self-efficacy for
T teaching mathematics and its evolution throughout the Bachelor Degree
in Primary Education at the Rovira and Virgili University. Specifically, the
current chapter aims at analysing if there exists a significant difference (in
positive) between the first measured self-efficacy, which is measured before
having taken any maths subject, and the last one, which is measured just
before ending the Bachelor Degree in Primary Education.

4.1 Introduction

As mentioned in section 1.1, there are several works focused on improv-
ing mathematical pre-service teacher education. Those works emphasize the
importance of the teacher’s positive attitude towards mathematics in order to
obtain the same attitude among their students. Newton suggests that, since
most of tomorrow’s teachers are today’s pre-service teachers, the beliefs they
hold should be of concern to teacher educators, teacher efficacy is also con-
sidered an important factor in high-quality mathematics instruction [74]. In-
deed, it is a factor not only considered in the case of mathematics, but also in
science and technology.
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4.2 Methodology

This section exposes the methodology adopted in this chapter. Pre-service
teachers of each year of the Primary Education Degree answer the MTEBL

4.2.1 Participants

This study was held on the 2016-2017 academic year at the University
Rovira i Virgili. Participants were enrolled at the 4-year Bachelor Degree in
Primary Education in the Faculty of Science Education and Psychology, lo-
cated in a small city, Tarragona. Students of all the years of the Bachelor were
invited to answer the MTEBI. Therefore, the participation was optional and
completely anonymous. The sample consists of the students that assisted
at the session when the test was applied. Specifically, the number of par-
ticipants of each year of the Bachelor was 133, 107, 95 and 84, respectively.
Hence, the test was administrated to 419 pre-service teachers, which repre-
sents the 76% of the enrolled students that academic year. Notice that the
four studied groups correspond to individuals at different moments of the
Bachelor Degree, rather than the same individuals over time.

As explained in detail in section 1.2, the Primary Education Degree con-
sists of a four-year program containing three mandatory courses of Teaching
and Learning Mathematics (TLM).

4.2.2 Instrument

The Mathematics Teaching Efficacy Belief Instrument (MTEBI) for pre-
service teachers results from the modification of the Science Teaching Efficacy
Belief Instrument STEBI-B [119] and aims at reflecting future mathematics
teaching beliefs. Indeed, the MTEBI for pre-service teachers has been widely
used to measure mathematics teaching self-efficacy and teaching outcome ex-
pectancy (e.g., [27], [38], [74], [69]). The original MTEBI consisted of 21 items
in a five-point Likert scale measuring one (strongly disagree) to five (strongly
agree). As in [78], the third Likert scale item, uncertain, was deleted in the

64



UNIVERSITAT ROVIRA | VIRGILI

PRE-SERVICE (ﬁ‘i\%‘@Wﬁéﬁé’@N@&TM@{%B%ﬁ@ ADBYTHEMAT LAYy SINHRNT KNOWLEDGE

Jaime Rodrigo Segarra Escandon .
mathematics teaching

current work to encourage all participants to indicate a level of certainty.

The MTEBI is comprised of two subscales, Personal Mathematics Teach-
ing Efficacy (PMTE) and Mathematics Teaching Outcome Expectancy (MTOE).
The PMTE subscale consists of 13 items (2, 3, 5, 6, 8, 11, 15, 16, 17, 18, 19, 20,
and 21). Eight of these items are reverse scored. That is, they are stated in
negative manner (3, 6, 8, 15, 17, 18, 19 and 21). Notice that the responses
corresponding to these items have to be inverted before being added into the
total PMTE score (4=1,3=2,2=23,1=4). The MTOE subscale consists of
8items (1,4,7,9,10, 12, 13, and 14). Thus, PMTE scores range from 13 to 52
while MTOE scores range from 8 to 32.

The questions that conform the MTEBI in the case of pre-service teachers
are detailed in Appendix B. The MTEBI subscales were explained in detail in
subsection 4.2.2.

Reliability

In order to determine the reliability of the obtained results, the Cronbach’s
alpha (¢« — Cronbach) is calculated. Specifically, the obtained Cronbach’s al-
phais 0.77 and 0.74 for the PMTE and MTOE subscale, respectively.

4.3 Results

This section reports the results obtained in the current chapter. Recall
that the pre-service teachers’ efficacy beliefs was measured at the end of the
academic year, considering each of the four years of the Bachelor. The PMTE
and MTOE subscales were studied separately.

4.3.1 Personal Mathematics Teaching Efficacy (PMTE)

This section studies the scores given by the students to the PMTE sub-
scale items. First, Table 4.2 shows the mean and standard deviation of the
scores that each group of students give to the PMTE subscale items. In or-

der to emphasize the evolution of the scores along the years of the Primary
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43.1 Personal Mathematics Teaching Efficacy (PMTE)

Education Degree, and also for the lack of space in the table, only the scores
corresponding to pre-teachers of the 1st and 4th years are shown. The rank of
the students responses based on the mean score is also included in the table.
In the reverse questions, the inverted scores are shown.

Notice that the PMTE scores given by students of the 1st year are in gen-
eral lower than the ones given by students of the 4th year. In the 1st year
responses, there are 6 questions with a score above 3.20 (questions 20, 2, 8, 19

and 6). In the case of the 4th year, there are 9 questions with a score above
3.20 (questions 20, 15, 2,19, §, 21, 6, 3 and 16).

The highest score in the 1st and the 4th years is obtained in the question
20 (When teaching mathematics, I will usually welcome student questions), with
a mean score of 3.77 and 3.79, respectively. The two-lowest scores, on the
contrary, are obtained in both years in the questions 17 and 5. Specifically,
in the 1st year, the lowest score was obtained in the question 17 (I wonder if I
will have the necessary skills to teach mathematics), with a mean score of 2.41. In
the 4th year case, the lowest score was obtained in the question 5 (I know how
to teach mathematics concepts effectively), with a mean score of 2.83. However,
recall that even these worst results correspond to a mean score of 60% and
70%, respectively.

66



UNIVERSITAT ROVIRA | VIRGILI

PRE-SERVICE (ﬁ‘i\%‘@Wﬁéﬁé’@N@&T@@ﬂ@{%B%ﬁﬁ ADBYTHEMAT LAYy SINHRNT KNOWLEDGE

Jaime Rodrigo Segar

scandon

mathematics teaching

Table 4.1: Mean and standard deviation of the scores that participants give to the
PMTE subscale items

No

Question

M

first
SD

rank M

fourth

SD

rank

3(R)

6(R)

8(R)

11

15(R)

16

17(R)

18(R)

19(R)

20

21(R)

I will continually find better ways to
teach mathematics.

Even if I try very hard, I will not
teach mathematics as well as I will
most subjects.

I know how to teach mathematics
concepts effectively.

I will not be very effective in moni-
toring mathematics activities.

I will generally teach mathematics
ineffectively.

I understand mathematics concepts
well enough to be effective in teach-
ing elementary mathematics.

I will find it difficult to use manip-
ulatives to explain to students why
mathematics works.

I'will typically be able to answer stu-
dents’ questions.

I wonder if I will have the necessary
skills to teach mathematics.

Given a choice, I will not invite the
principal to evaluate my mathemat-
ics teaching.

When a student has difficulty un-
derstanding a mathematics concept,
I'will usually be at a loss as to how to
help the student understand it bet-
ter.

WWhen teaching mathematics, I
will usually welcome student ques-
tions.

I'do not know what to do to turn stu-
dents on to mathematics..

3.52

3.17

247

3.21

3.46

2.95

3.16

3.06

241

2.86

3.39

3.77

3.11

0.62

0.99

0.81

0.87

0.83

0.85

0.80

0.69

0.90

0.95

0.81

0.53

0.75

2

12

10

13

11

3.69

3.27

2.83

3.35

3.49

3.19

3.71

3.20

2.85

3.05

3.58

3.79

3.36

0.47

091

0.69

0.80

0.87

0.74

0.63

0.65

0.94

1.07

0.68

0.44

0.85

13

10

12

11
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Figure 4.1 shows the mean score obtained in each of the PMTE questions
through all the years of the Primary Education Degree. Again, in the reverse
items, the inverted scores are provided.

W lst
o

E 3 B2nt
o3rd
O4th

Figure 4.1: Mean of the scores corresponding to the PMTE subscale items through
all the years of the Degree.

It can be seen that the rank of the questions is the same or very similar
in all years of the Degree. It is noteworthy to see the evolution of some of
the questions along the Degree. Notice, for instance, the positive evolution
of question 17: in the fourth year, students are more positive with the fact
of having the necessary skills to teach mathematics. In the case of question
15, the students clearly improved their confidence on using manipulative to
teach mathematics. Another example of positive evolution is question 21,
which corresponds to students’ belief about their capacity to turn students
on to mathematics. However, it should be remarked that the PMTE scores
given by students in the 2nd year of the Degree are in most cases lower than
the ones given by students in the 1st year of the Bachelor.

Additionally, Figure 4.2 shows the individual students average scores cor-
responding to the PMTE items (that is, the PMTE scores averaged by the
number of PMTE items scored by the student), for every year of the Primary
Education Degree. In particular, the box plot enclose data in between lower
and upper quartiles (medians are represented by horizontal lines in thinner
regions and means are denoted with points). This representation permits to
study the distribution of the scores given by all the students.
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Figure 4.2: Individual pre-teacher average scores given to the PMTE subscale items.

It is noteworthy to remark results obtained in the 2nd year of the Bach-
elor Degree: the obtained mean, median and minimum values are smaller
than the ones obtained in the 1st year. In the 3rd year, on the contrary, the
improvement is clear. Finally, it is interesting to highlight the good results
obtained in the 4th year: recall that the distribution of the scores is nearly
symmetric (mean is similar to median, but a little higher). The minimum ob-
tained score is 2.23 (55.77%), which is quite high, compared to the minimum
values obtained the other years. The other three years, the mean is under the

median and the range of values is larger due to some obtained small scores.

In order to compare the global performance of the students of each year
of the Degree, Table 4.2 shows the mean and standard deviation of the scores
given by each group of students to the PMTE items. Additionally, an ANOVA
test was performed to see if the difference among means obtained in each
year are statistically significant.

The ANOVA gives the following values: F = 7.243; p = 9.55 x 107> <
0.001. Hence, the difference among means is statistically significant. Then,
a Tukey’s HSD (honestly significant difference) test is applied to study the
relation between each pair of groups. Specifically, the difference between the
obtained means is statistically significant between 2nd and 3rd years (p =
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4.3.2 Mathematics Teaching Outcome Expectancy (MTOE)

0.01379) and between 1st and 4th years (p = 0.00731).

Table 4.2: PMTE (Mean and standard deviation)

1st 2nd  3rd 4th
Mean 3.12 3.046 324 3.33
Y% 7796 76.15 81.09 83.37
SD 049 0495 040 043
% 1228 1238 995 10.89

4.3.2 Mathematics Teaching Outcome Expectancy (MTOE)

This section studies the scores given by the students to the MTOE subscale
items. First, Table 4.2 shows the mean and standard deviation of the scores
given by the participants of the 1st and 4th years of the Bachelor to the MTOE
subscale items.

In this subscale, the highest mean score obtained in the 1st and the 4th
years of the Bachelor corresponds to question 9 (The inadequacy of a student’s
mathematics background can be overcome by good teaching), with a mean score of
3.36 and 3.44, respectively. The lowest mean score was obtained in question 1
(When a student does better than usual in mathematics, it is often because the teacher
exerted a little extra effort), with a mean score of 2.44 and 2.42 in the 1st and 4th
years, respectively.

Figure 4.3 shows the mean of the scores corresponding to each of the
MTOE subscale items through all the years of the Degree.

As in the PMTE subscale, the rank of the questions is the same or very
similar in every group of students. However, the positive difference between
first and last grades is not as notable as in the PMTE subscale. Indeed, the
evolution of the scores is different in each item of the MTOE subscale.
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Table 4.3: Mean and standard deviation of the scores given for the participants to
the questions corresponding to the MTOE subscale

No  Question first fourth
M SD rank M SD  rank

When a student does better

than usual in mathematics, it
1 _ 244  0.83 8 242 0.66 8

is often because the teacher ex-

erted a little extra effort.

When the mathematics grades

of students improve, it is of-
4 ten due to their teacher having 3.33  0.65 2 3.05 0.8 2
found a more effective teach-
ing approach.
If students are underachiev-
1?1g n mather.natlcs, -1t 1s most 284 076 5 274 0.89 6
likely due to ineffective math-
ematics teaching.
The inadequacy of a student’s
mathematics background can 336 0.62 1 344 057 1
be overcame by good teach-
ing.
When a low-achieving child

progresses in mathematics, it

10 281 077 7 293 0.65 4

is usually due to extra atten-
tion given by the teacher.
The teacher is generally re-
12 sponsible for the achievement 2.94 0.70 3 298 0.66 3
of students in mathematics.
Students’ achievement in
mathematics is  directly
13 related to their teacher’'s 2.89 0.69 4 2.86 0.64 5
effectiveness in mathematics
teaching.
If parents comment that their
child is showing more inter-
14  estin mathematics at school, it 2.83 0.75 6 259 070 7
is probably due to the perfor-
mance of the child’s teacher
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3.2 Mathematics Teaching Outcome Expectancy (MTOE)
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Figure 4.3: Mean of the scores corresponding to the MTOE subscale items through
all the years of the Degree.

Additionally, Figure 4.4 shows the mean of the values that each pre-service
teacher gives to the MTOE subscale items.

It can be seen that the lowest values of MTOE are obtained in the 1st
year of the Degree. The minimum value is very small: 1.75 (43.75%). Besides,
there is a clear improvement on the 3rd year values. Notice that the minimum
value in the 3rd year is 2.25 (56.25%) and the distribution is nearly symmetric
(the mean and median are nearly equal). It should be noticed that the mean
and median decrease in the 4th year with respect to the 3rd year.
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Figure 4.4: Individual pre-teacher average scores given to the MTOE subscale items.

Finally, Table 4.4 shows the mean and standard deviation of the scores
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given by each group of students to the MTOE items. In this subscale, the
ANOVA gives the following values: F = 1.828 and p = 0.14 > 0.05. There-
fore, there is no significant difference among groups.

Table 4.4: MTOE (mean and standard deviation)

1st 2nd  3rd 4th
Mean 293 291 3.01 287
% 7323 7284 7522 7191
SD 042 037 037 041
Y% 1053 922 932 10.19

4.4 Discussion

Obtained results evidence that the current Primary Education Degree pro-
gram does have an impact on the pre-service teachers’ personal mathemat-
ics teaching efficacy (PMTE). It should be remarked the statistically signifi-
cant difference obtained between the PMTE values at 1st and 4th years (p =
0.00731). These results are in accord with the ones presented in ( [69]), where
the authors show that pre-teacher training programmes can have an impact
on pre-teachers beliefs about mathematics teaching and learning.

The reported study also shows the positive and statistically significant
evolution between 2nd and 3rd years of the current Bachelor Degree in Pri-
mary Education (p = 0.0138). It is noteworthy to remark that, as mentioned
above, the students take the TLM2 course connected to a student teaching pe-
riod during the 3rd year. Concretely, students have to analyse the relation be-
tween the content of the TLM2 course and the reality observed at school. Be-
sides, they apply some methodologies presented during the TLM2 at school,
they see how they teach at a real classroom and they observe how children
learn. Therefore, the design of this 3rd year of the Bachelor Degree definitely
helps to improve the PMTE of students.

Notice that the values of PMTE decrease between 1st and 2nd years. Specif-
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ically, the PMTE values obtained at the end of the 2nd year are clearly the
smallest obtained during the Bachelor. This is due to the content of the TLM
course they attend during that year, mainly consisting of mathematical con-
tent. There is a high percentage of pre- service teachers that have not been
receiving mathematics formation for 2 or 3 years when they arrive at the
Bachelor. Sometimes, they do not remember mathematical concepts and they
do not perform well when solving problems. The difficulties they have and
the bad results obtained in most cases produce low levels of PMTE.

Obtained results do not show a positive evolution of the pre-teachers’
mathematics teaching outcome expectancy (MTOE) during the Bachelor De-
gree. These results are in accord with the ones presented in [120] and [32] in
the case of science teaching self-efficacy. In both investigations, they show
a positive effect of their approaches on personal science self-efficacy (PSTE)
and a lack of positive change in the science teaching outcome expectancy be-
liefs (STOE).

Results evidence that the smallest mathematics teaching outcome expectancy
(MTOE) values are obtained in the 1st year. In the 2nd year, the obtained val-
ues are similar. Recall that the PMTE clearly decreases the 2nd year, which
surely affects the MTOE values.

Besides, it is noteworthy the MTOE improvement obtained in the 3rd
year. As exposed in the PMTE case, the students attend the TLM2 course
linked to a 3-month student teaching period. The clear relation between
the theory taught at the University and the reality of the class reinforces the
MTOE of the students.

However, the MTOE scores decrease the 4th year of the Bachelor, when
students have assisted to the second student teaching period. We attribute
to several points that decreasing. First, the TLM3 course they have just fin-
ished promotes a student-centered learning approach. Hence, it should be
expected that the students did not have high levels of MTOE. Second, they
assisted to the second student teaching period before taking the TLM3 course.
Therefore, they do not have any mathematical task assigned during the sec-
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ond student teaching period. Finally, they are finishing the Bachelor and they
know they will not receive more formation. Hence, they may feel uncertainty
about being in a class and producing effect in the students learning.
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Chapter

Comparing Mathematics Teaching Self-efficacy
and Outcome Expectancy of Pre-service and In-

service Teachers

his chapter aims at comparing the mathematics teaching self-efficacy and
T outcome expectancy of pre-service and in-service Primary Education
teachers. Concretely, two different groups of in-service teachers are consid-
ered: novice teachers (up to 10 years of experience) and experienced teachers
(more than 10 years of experience). We defined these two groups of in-service
teachers after exploring the results considering different ranges of time. The
number of years that made the difference was 10.

5.1 Purpose of the study

It should be remarked that this is not a longitudinal study. Ideally, it
would be very interesting to work with the same participants, beginning
when they are pre-service teachers, continuing with their first 10 years of
experience and finishing when they have more than 10 years of experience.
However, several factors make that kind of study very difficult to consider.
First of all, it would take more than 10 years just to collect the data. Peo-
ple, society and school change remarkably in 10-12 years. Would they be the
same participants? Would it be the same society? Would the schools share
the current characteristics? Secondly, it would be very difficult to track so
many subjects. Thirdly, that study would imply to answer the same test 10 or
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12 times. For all those reasons, this chapter is based on cross-sectional data.
Specifically, the current chapter was designed to answer the following

questions:

1. Do the three studied groups present significant differences in their math-
ematics teaching self-efficacy beliefs?

2. Do the three studied groups present significant differences in their math-
ematics teaching outcome expectancy feelings?

3. Does the teaching experience help to enforce those beliefs?

5.2 Methodology

In order to find the answers to the questions formulated above, the cur-
rent work compares the obtained scores in the MTEBI items considering the
three groups: pre-service, novice and experienced Primary Education teach-
ers. Additionally, this chapter studies if there are significant differences be-
tween the mathematics teaching self-efficacy and outcome expectancy of the
three studied groups.

5.2.1 Participants

The participants comprised a purposeful sample [105]. Specifically, the
sample in this study consisted of three independent groups. The first group
of participants consists of pre-service teachers enrolled at the Bachelor Degree
in Primary Education at the University Rovira i Virgili. Students of all the
years of the Bachelor Degree were invited to answer the MTEBI. Therefore,
the participation was optional and completely anonymous. At the end, 419
pre-service teachers assisted at the session when the test was applied, which
represents the 76% of the enrolled students that academic year. For more
details of the of the Bachelor Degree in Primary Education at the Rovira and
Virgili University see section 1.2.

Besides, the MTEBI survey was adapted for in-service teachers, as ex-
plained in short, and created in Google Forms. Directors of Primary Edu-
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cation schools in the city were sent the link of the survey during the second
trimester of 2018-19 school academic year. They shared the link so that novice
and experienced teachers were able to answer it confidentially. As a result,
the second group of participants are 69 novice teachers in Primary Educa-
tion. The last group of participants consists of 176 experienced teachers in
Primary Education. Recall that the number of novice teachers is notably in-
ferior to the number of experienced teachers. This is due to the average years
of Primary Education teachers’ teaching experience in the current country,
which is 14 years. Indeed, the average age of Primary Education teachers is
42 years. Therefore, it was expected to obtain a higher percentage of experi-
enced teachers (more than 10 years of teaching experience) when considering
a purposeful sample.

5.2.2 Instrument

Asin chapter 4, the Mathematics Teaching Efficacy Belief Instrument (MTEBI)
for pre-service teachers was used in this chapter.

It should be highlighted that the MTEBI was adapted for novice and expe-
rienced teachers using the present tense instead of the future (recall that the
original MTEBI was designed for pre-service teachers). In fact, the MTEBI for
in service teachers was used in several works(e.g., [78], [84]).

Reliability

In order to determine the reliability of the instrument for the current con-
text, the Cronbach’s alpha test was applied to both subscales (namely, PMTE
and MOTE). Table 5.1 shows the values of Cronbach’s alpha for the PMTE
and MTOE considering each studied group. According to the scale proposed
by [110], the obtained values of Cronbach’s alpha are good (>0.8) or accept-
able (>0.7) in all the cases.

Table 5.1: &« — Cronbach (PMTE, MTOE)

Pre-service Novice Experienced
PMTE (« — Cronbach) 0.86 0.86 0.81
MTOE (« — Cronbach) 0.70 0.82 0.78
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Validity

To study the validity of the instrument for the current context, the Kaiser-
Meyer-Olkin (KMO) is used to relate the correlation coefficients and the Bartlett’s
Test of Sphericity (BTS) is applied to contrast the null hypothesis that the
items are not correlated with each other, contrasting the observed matrix with
the identity matrix.

Table 5.2: Kiser-Meyer-Olkin (KMO) and Bartlett’s Test of Sphericity (BTS)

Pre-service Novice Experienced
KMO 0.88 0.67 0.81
BTS (p — valor) < 0.001 < 0.001 < 0.001

Results summarized in Table 5.2 allow to conclude that the Exploratory
Factor Analysis [107], [108] can be applied in the three studied groups (KMO
> 0.60 and p < 0.001). Table 5.3 shows the individual item-total correlations.
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Table 5.3: Item-Total Correlations values

ltems Item-Total Item-Total Item-Total
Correlations Correlations Correlations
(PMTE) . . .
Pre-service Novice Experienced
Q2 0.45 0.37 0.33
Q3 0.71 0.72 0.60
Q5 0.61 0.60 0.68
Q6 0.67 0.78 0.58
Q8 0.52 0.64 0.44
Q11 0.72 0.57 0.58
Q15 0.54 0.57 041
Q16 0.72 0.61 0.55
Q17 0.55 0.76 0.53
Q18 0.56 0.40 0.33
Q19 0.67 0.60 0.50
Q20 0.51 0.43 0.44
Q21 0.64 0.61 0.57
Items(MTOE)
Q1 0.51 0.53 0.38
Q4 0.60 0.65 0.44
Q7 0.64 0.56 0.40
Q9 0.48 0.45 0.47
Q10 0.57 0.67 0.50
Q12 0.60 0.63 0.51
Q13 0.66 0.68 0.66
Q14 0.57 0.69 0.52

From the results shown in Table 5.3, it can be said that item-total corre-
lations are adequate, since all items have a factor loading above 0.30 [121].

Hence, the Exploratory Factor Analysis confirms that two subscales are de-
fined (PMTE, MTOE).
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5.3 Results

5.3 Results

This section presents the results of the application of the Mathematics
Teaching Efficacy Belief Instrument (MTEBI). The mathematics teaching self-
efficacy (PMTE) subscale and the mathematics teaching outcome expectancy
(MTOE) subscale are studied separately.

5.3.1 PMTE subscale

In this section, the average scores given for the participants to the ques-
tions corresponding to the PMTE subscale are studied (%). Therefore, the
average scores for individual items range from 1 to 4. Figure 5.1 shows the
average scores obtained in the 13 items of the PMTE.

mPre-service
mNovice
2 DExperienced

Q2 Q3 Q5 Q6 QB8 QI1 Q15 Q16 Q17 Q18 Q1% Q20 Q21

Figure 5.1: Average score obtained in each PMTE item.

In the case of teaching self-efficacy (PMTE), the three groups express in
general a high level of mathematics teaching self-efficacy (see Figure 5.1). No-
tice that there are only few questions scored with less than 3 points. Table 5.4

summarizes these results.

Table 5.4 shows that only 4 items are scored, in average, below 3 in the
case of pre-service teachers. This group gives the minimum score to Q17 (I
wonder if I will have the necessary skills to teach mathematics). The novice teach-
ers score only 2 items, in average, below 3. The experienced teachers score all
the items above 3. Both groups of in-service teachers give the minimum score
to Q5 (I know how to teach mathematics concepts effectively). The three groups of
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participants give the maximum score value to Q20 (When teaching mathemat-

ics, I will usually welcome student questions, without will in in-service teachers).

Table 5.4: Comparison of obtained values in the PMTE subscale questions

Mean value

Pre-service

Novice Experienced

<3

Q5 (I know how to teach
mathematics concepts effec-
tively)

Q11 (I understand mathemat-
ics concepts well enough to
be effective in teaching ele-
mentary mathematics)

Q17 (I wonder if I will have
the necessary skills to teach
mathematics)

Q18 (I wonder if I will have
the necessary skills to teach
mathematics)

Q5

Q17

>3

Q3,06,0Q8,Q015,016,019,020,Q21

Q11, Q18 Q11, Q18

Q5, Q17

Minimum

Q17

Q5 Q5

Maximum

Q20 (When teaching math-
ematics, I will usually wel-
come student questions)

Q20 Q20

Additionally, a differential analysis of items is performed to see if the

three groups answer specific questions differently. To determine the signifi-

cant differences observed among the three groups and according to the condi-
tions of the data, the analysis of ANOVA test and the Tukey’s HSD (honestly
significant difference) are applied. Table 5.5 summarizes the obtained results

when comparing consecutive groups.
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Table 5.5: Comparison of obtained values in the PMTE subscale questions

comparing pre-teachers and comparing novice teachers

p-value novice teachers and experienced teachers
no significant
difference Q2,Q3,Q6, 08, Q19
(p > 0.05)
significant Q5 (I know how to teach
difference (p < mathematics concepts effec-
0.01,*p < 0.05) tively)

Q11 (I understand mathe-

matics concepts well enough

to be effective in teaching el-

ementary mathematics)

Q15 (I will find it difficult to

use manipulatives to explain

to students why mathemat-

ics works)

Q16 (I will typically be able

to answer students’ ques-

tions)

Q17 (I wonder if I will have

the necessary skills to teach

mathematics)

Q18 (Given a choice, I will

not invite the principal to

evaluate my mathematics

teaching)
Q21 (I do not know what
to do to turn students on to
mathematics)*

Table 5.5 shows that there are 6 questions for which there exists a signif-
icant difference between pre-teachers and novice teachers. Comparing the
two groups of in-service teachers, there are only 2 questions for which there
exists a significant difference between their scores (Q5 and Q21). Although it
is not included in the table, the difference between pre-teachers and experi-
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enced teachers was statistically significant in 9 of the 13 questions.

Comparing the three groups

The goal of this section is to study if there are statistically significant dif-
ferences among the three group of participants in the mathematics teaching
self-efficacy (PMTE). To carry out the study, all the items of the PMTE sub-
scale are studied together. That is, the total score of the PMTE subscale items
obtained by each participant is computed (the total score is averaged by the
number of items scored by the participant). In order to study the distribution
of the scores given by the participants, Figure 5.2 shows the average scores
of the teaching self-efficacy corresponding to the pre-service teachers, novice
teachers and experienced teachers. Specifically, the boxplot allows to identify
the quartiles, the median (represented by horizontal lines in thinner regions)
and the mean (denoted with points).

40 _° —T —T
i d ]
35 ! = i
I * 1
o
I : =]
25 ] i h fe]
2_0 — _:_
[a]
1.5
1.0
|

T T
Pre-service MNovice Experienced

Figure 5.2: Individual pre-service teachers, novice teachers and experienced teachers
average scores given to PMTE subscale.

Notice in Figure 5.2 that the range of values of the pre-teachers is clearly
wider than the ones of the other two groups. Specifically, the minimum value
of the pre-teachers is the smallest one (2). In the case of novice teachers, the
number of small values (below 2.5) has been reduced (the minimum is 2.31).
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In the case of experienced teachers, there are not so many small values: there
are two outliers with values 2.46 and 2.69, and the minimum value is 2.77.

The specific values of the mean (), median (£) and standard deviation
(o) of scores given by pre-service teachers, novice teachers and experienced
teachers in the case of the PMTE subscale are shown in Table 5.6.

Table 5.6: PMTE (mean, median and standard deviation of the average value that
each participant gives to the PMTE subscale questions)

X X o
Pre-service 293 288 0.40
Novice 3.33 340 0.39

Experienced 3.52 3.60 0.34

In order to analyze the significance of the difference in the groups, first,
the hypotheses of normality (Shapiro-Wilk test) and homoscedasticity (Fligner-
Killeen test) of the three groups of participants are verified. According to the
conditions of the data, the Kruskal-Wallis test is used as the nonparametric
alternative of ANOVA. After applying the test (p < 0.01) it can be concluded
that there are significant differences between medians of the groups in teach-
ing self-efficacy.

Secondly, a post-hoc analysis is used to determine the significant differ-
ences observed among consecutive groups. Specifically, Tukey’s range test is
applied. Obtained p-values allow to affirm that the difference between the
obtained medians is statistically significant between pre-service teachers and
novice teachers (p < 0.01) and between novice teachers and experienced
teachers (p < 0.01).

5.3.2 MTOE subscale

As in the PMTE subscale, the average scores (%) that the participants of
each group gives to each individual item are studied. Figure 5.3 shows the
average scores obtained in the eight items of the outcome expectancy sub-
scale (MTOE).
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Figure 5.3: Average score obtained in each MTOE item.

Score

Figure 5.3 shows that the three studied groups surpass the average score
value 3 in only two items: Q4 and Q9. Notice that the average scores of expe-
rienced teachers exceed pre-service teachers in just four questions. Besides, it
is noteworthy to remark that in all the items novice teachers give lower scores
(in average) than pre-service teachers. Table 5.7 summarizes the obtained re-
sults.

As in the PMTE subscale case, a differential analysis of items is performed
to see if the three groups answer specific questions differently. Specifically,
an ANOVA test and the Tukey’s HSD (honestly significant difference) are ap-
plied. Obtained p — values allow to conclude that there is only significant
difference between the mean obtained in Q12 (The teacher is generally re-
sponsible for the achievement of students in mathematics) by considering
consecutive groups. That is, between pre-teachers and novice teachers and
between novice and experienced teachers (p < 0.05).
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Table 5.7: Comparison of obtained values in the MTOE subscale questions

Mean value  Pre-service Novice Experienced
<3 Q1, Q7,Q10, Q12, Q13, Q14
Q4 (When the mathemat-
ics grades of students im-

prove, it is often due to

>3 Q4 Q4

their teacher having found

a more effective teaching

approach)

Q9 (The inadequacy of

a student’s mathematics Q9 Q9
background can be over-

come by good teaching)

Q1 (When a student does

better than usual in math-

Minimum ematics, it is often because Q1 Q1
the teacher exerted a little
extra effort)

Maximum Q9 Q9 Q9

Comparing the three groups

The goal of this section is to study if the differences among the three group
of participants are statistically significant in the MTOE subscale.

Figure 5.4 shows the distribution of the individual outcome expectancy
values of pre-service teachers, novice teachers and experienced teachers.

Table 5.8 shows the mean, median and standard deviation of scores ob-
tained by participants in the case of the outcome expectancy.

Table 5.8: MTOE (mean, median and standard deviation of the average value that
each participant gives to the MTOE subscale questions)

X X o
Pre-service 291 289 0.39
Novice 276 275 048

Experienced 294 3.01 043
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Figure 5.4: Individual pre-service teachers, novice teachers and experienced teachers
average scores given to MTOE subscale.

Figure 5.4 shows that the distribution of individual MTOE values are sim-
ilar in the three groups of participants. Recall that the range of values is
slightly wider in the case of experienced teachers (minimum = 1.88, maximum
4). However, a very similar distribution is obtained in the case of pre-service
teachers. The novice teachers present clearly smaller values than the other
two groups. Notice that the maximum value in this case is 3.63 and there is
an outlier with a value of 1.50.

Additionally, a statistical analysis is carried out to study the significance
of the obtained results. First, compliance with the conditions of hypothesis
of normality (Shapiro-Wilk) and homoscedasticity (Bartlett) is verified. Then,
according to the conditions of the data, the analysis of ANOVA test is applied
(F = 3.53,p = 0.03). The obtained values confirm that there are significant
differences among the groups.

Second, the Tukey’s HSD (honestly significant difference) test is applied,
in a post-hoc analysis. According to the results, there is a significant differ-
ence between pre-service teachers and novice teachers (p = 0.04) and be-
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tween novice teachers and experienced teachers (p = 0.02).

5.4 Discussion

In order to answer the first chapter question, the mean scores of each
question of the PMTE subscale were studied for each of the three groups of
participants (pre-service teachers, novice teachers, and experienced teachers).
Our findings indicate that in the PMTE questions experienced teachers give
higher scores than novice teachers and the latter give higher scores than pre-
service teachers. Only in question Q15 (I will use manipulatives to explain to
students why mathematical solutions work) novice teachers give a higher aver-
age than experienced teachers. We believe that this may occurs because some
experienced teachers did not learn how to use manipulatives in the mathe-
matics teaching and learning courses they took during their training. Manip-
ulatives are currently more studied and used in mathematics education. Be-
sides, a statistically analysis of items is performed to see if the three groups
answer specific questions differently. It is noteworthy to remark that there
are 6 questions to which pre-teachers and novice teachers give statistically
significant different score values. In the case of novice teachers and experi-
enced teachers that occurs only in 2 questions. There are 5 questions whose
scores do not present significant differences between consecutive groups of
participants. Therefore, the difference is more significant between pre-service
teachers and novice teachers than between the latter and experienced teach-
ers.

Furthermore, a statistical analysis of the PMTE values given by each group
was carried out in this study. The results show that there are statistically
significant differences among the three groups of participants regarding the
PMTE subscale. Specifically, experienced teachers obtain a significantly higher
median than novice teachers and the latter have significantly higher median

than pre-service teachers.

Analogously, a similar approach have been used to compare the math-
ematics teaching outcome expectancy of the three studied groups (second
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chapter question). First of all, the mean scores of each MTOE subscale ques-
tion and for each group of participants (pre-service teachers, novice teach-
ers and experienced teachers) were studied. Obtained results show that the
group of experienced teachers gives higher scores with respect to the group of
novice teachers. That is, the results show that the teaching experience helps
to promote the MTOE.

However, it is important to note that novice teachers have lower scores
than the pre-service teachers in all items. Thus, MTOE values decline in the
tirst few years of school teaching. These results are consistent with those
presented in [69] , where MTOE values increase during university courses,
but decrease during the first years of teaching students. Swars et al. [69],
claim that teachers in training have an unrealistic optimism that is modified
with the teaching of students. MTOE values decrease during the first years
of teaching at school because, although pre-service teachers attended student
practice at Primary school, they have not already faced the reality of being a
teacher. Once at school, teachers need to master certain skills such as man-
aging the group, organizing time, proposing activities, and so on. At the
beginning, they may dedicate more effort to learn to be a teacher than to try
to influence their students’ learning.

A possible idea to foster the MTOE of novice teachers would be to assist at
school as apprentice teachers the first year (or even more than one year). The
key point is that they would be accompanied by a teacher to gain confidence
and to acquire skills that every teacher should have. Our proposal is in accord
with the finding presented in [79], where they evidenced that the self-efficacy
of teachers, even those with many years of teaching experience, increases in
response to experiences of success in the classroom. They proposed to con-
sider the potential of intervention programs that can help teachers to reflect
on their successes and to modify their self-efficacy beliefs accordingly.

Moreover, as in the PMTE subscale, the scores obtained in each item of
the MTOE subscale are compared considering pairs of consecutive groups in
order to see if their answers are statistically different. Results evidence that

there is only significant difference between the mean obtained in one item.
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The other 7 items of the MTOE subscale do not present significant differences
between consecutive groups of participants. This finding reinforces the fact
that MTOE does not vary as much as the PMTE along time.

Additionally, a statistical analysis of MTOE values obtained by each group
was carried out. Results show that there are statistically significant differ-
ences between the groups of teachers considered in this study. Concretely,
experienced teachers get significantly higher values than novice teachers. In
the case of the pre-service teachers and the novice teachers, the MTOE is also
significantly different, but the MTOE values are lower for novice teachers.

The significant difference that has been shown between the different groups,
both in the case of PMTE and MTOE subscales, reinforces the robustness of
the initial choice of the groups of teachers in service: novice teachers (up to
10 years of experience) and experienced teachers (more than 10 years of ex-
perience).

Obtained results allow to affirm that the teaching experience enforce the
mathematics teaching efficacy beliefs (third chapter question). Particularly, it
has been shown that the teaching experience strengthen the personal mathe-
matics teaching efficacy (PMTE), since as teachers gain experience, its value
is higher, coinciding with the results of previous studies [84], [122]. In the
case of mathematics teaching outcome expectancy (MTOE), our findings ev-
idence that the teaching experience also enforce those beliefs, but only in the
case of in-service teachers.
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Chapter E

Mathematics teaching efficacy belief and atti-
tude toward mathematics: two key factors for
pre-service teachers’ mathematics academic achieve-

ment

his chapter aims at studying the relation between mathematics teaching
T efficacy beliefs of pre-service teachers, their attitude towards mathe-
matics and their mathematics academic achievement. Additionally, a multi-
ple regression is applied to assess the dependence of each variable with aca-
demic achievement. Participants are pre-service teachers of the third year of
the Primary Education Degree. To evaluate mathematics academic achieve-
ment, the grades obtained in the teaching and learning mathematics course
that students took in the second year of the Degree are collected.

6.1 Introduction

In the context of pre-service teachers, authors noticed that some students
of the Bachelor Degree in Primary Education present low levels of mathemat-
ics teaching efficacy beliefs and a negative attitude towards mathematics. Lit-
erature research supports the importance of enhancing the pre-service teach-
ers’ mathematics teaching efficacy beliefs (e.g., [31], [38], [39]) and their atti-
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6.2 Purpose of the study

tude towards mathematics (e.g., [37], [40]), and how these factors influence
to the mathematics academic achievement (e.g., [41], [42], [43]). As pointed
out in [44], it is still important and interesting to investigate the impact of
variables concerning teachers” mathematics related effect on other affective
or cognitive variables such as academic achievement.

6.2 Purpose of the study

Taking into account the above presented works, this chapter aims at study-
ing, on the one hand, the relationship between pre-service teachers” mathe-
matics teaching efficacy beliefs and their attitude towards mathematics with
their mathematics academic achievement. Both factors are considered impor-
tant in the literature, but there is not any work studying both factors together,
as far as we are concerned. Additionally, multiple linear regression is used
in this chapter to determine the influence of each studied factor to academic
achievement. Besides, another goal of this work is to study if there are sub-
scales of the considered factors with which there is a greater correlation with
academic achievement. Therefore, the correlation among six subscales of the
two factors (two in the case of teaching efficacy beliefs and five in the case
of attitude towards mathematics) and mathematics academic achievement is
also studied. Specifically, the current study was designed to answer the fol-
lowing questions:

1. How is the correlation between pre-service teachers” mathematics teach-
ing efficacy beliefs, their attitude towards mathematics and their math-

ematics academic achievement?

2. How is the correlation between the two subscales of mathematics teach-
ing efficacy beliefs, the five subscales of the attitude towards mathemat-
ics and the mathematics academic achievement?

6.3 Methodology
This section presents the methodology adopted in this chapter.
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6.3.1 Participants

The participants in this study are students of the Bachelor Degree in Pri-
mary Education at the Rovira and Virgili University (details on the Bachelor
in section 1.2). During several years, it has been noticed low levels of math-
ematics teaching efficacy beliefs and negative attitudes toward mathematics
among pre-service teachers enrolled in the Bachelor Degree in Primary Edu-
cation. However, there is not any study quantifying those feelings at the cur-
rent University. Concretely, the most negative feelings and the worst mathe-
matics academic achievement occur during the TLM 1 course, which mainly
includes mathematical content. The participants of this study are students
of the third year of the Bachelor. They have only coursed the TLM 1 course,
which is given during the second year of the Bachelor, as shown in section 1.2.

As detailed in short, the mathematics academic achievement was assessed
by taken the grade they were given in the TLM 1 course during the 2018-2019
academic year. A total of 97 students were enrolled to TLM 1 course. More-
over, students of the third year that attended at the TLM 2 course class at the
beginning of the 2019-2020 academic year were invited to answer the MTBI
and the AMS. Therefore, participation was voluntary and anonymous. Stu-
dents indicated the initials of their name in order to stablish correspondences
with the marks obtained in the TLM 1 course (the marks were provided by
the corresponding teacher and by using the same code). Once the correspon-
dences were made, all codes were deleted.

Specifically, the sample of this study correspond to 56 students out of the
70 enrolled in the third year of the Degree of Primary Education (81% of the
total population). Notice that only the students that had already attended to
the TLM 1 course could be selected for the study.

6.3.2 Instrument

As mentioned above, two instruments were used in this chapter: 1) the
Mathematics Teaching Efficacy Belief Instrument (MTEBI) for pre-service teach-
ers [123], which was presented in detail in subsection 4.2.2; and 2) the Atti-
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6.3.2 Instrument

tude towards Mathematics Scale (AMS) for pre-service teachers [97].

The Mathematics Teaching Efficacy Belief Instrument (MTEBI)

The Mathematics Teaching Efficacy Belief Instrument (MTEBI) (MTEBI),
presented in detail in subsection 4.2.2, for pre-service teachers [123] is also
used in the current chapter.

The Attitude towards Mathematics Scale (AMS)

There exist different instruments measuring the attitude towards mathe-
matics. Some of them are studied in (e.g., [124], [125], [97], [126], [127], [97])
drew up one of the most cited attitude scale towards mathematics from those
performed in the Spanish language. The author justifies the construction of a
new scale in the absence of this type of instrument developed in Spanish and
Latin American. The author was inspired by the characteristics that represent
a scale of attitudes in [128]. The current chapter uses the attitude towards the
mathematics scale (AMS) proposed in [97], since it is an instrument designed
in Spanish and specifically developed for pre-service teachers. The AMS
has five subscales (pleasure, anxiety, usefulness, motivation and confidence).
According to Auzmendi, the pleasure towards mathematics refers to the en-
joyment caused by mathematical work. The anxiety towards mathematics
refers to the feeling of anxiety, fear that the person manifests in the matter
of mathematics. The usefulness subscale refers to the value that a student
attaches to mathematics, to the usefulness that he perceives that this subject
may have for professional life. The motivation subscale represents how the
student feels towards the study and the use of mathematics. Finally, the con-
fidence subscale is the feeling caused by the ability towards mathematics.

The AMS consists of 25 items on a five-point Likert scale that measures
from one (strongly disagree) to five (strongly agree) and is used in several
investigations (e.g., [129], [130], [131]). The items of the AMS are detailed in
Appendix C . As in the MTEB], the third element of the Likert scale, which
was in the original version of the AMS, was removed. As mentioned above,
the AMS establishes five subscales: pleasure (items 4, 9, 14 and 24), anxiety
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(items 2, 3,7,8,12,13,17, 18 and 22), motivation (items 5, 10, and 25), useful-
ness (items 1, 6, 15, 16, 19 and 21) and confidence (items 11, 20 and 23). Ten
of the AMS items have a reverse score (items 2, 5, 7, 10, 12, 15, 16, 17, 22 and
25). The answers corresponding to these items must be reversed before being
added to the total AMSscore (4=1,3=2,2=3and 1 =4).

The questions that conform the AMS in the case of pre-service teachers
are detailed in Appendix C.

Mathematical content exam

The mathematics academic achievement was assessed during the TLM 1
by using an exam. The items of the exam aimed at evaluating if pre-service
teachers had learned the mathematical content they were taught during the
TLM 1 course. In addition, they had to know how to explain the problems
correctly. Specifically, the exam consists of Arithmetic and Geometry prob-
lems.

Reliability

In order to determine the reliability of the obtained results, Cronbach’s
alpha test was applied [109]. Table 6.1 shows Cronbach’s alpha coefficients
for the MTEBI and its two subscales (PMTE and MOTE) and for the AMS and
its five subscales (pleasure, anxiety, motivation, usefulness and confidence).
Rules proposed in [110] are considered to interpret the obtained alpha values.
In the case of motivation and confidence subscales, the values of Cronbach’s
alpha are poor and unacceptable, respectively. Due to that, the confidence
subscale was eliminated before the analysis. It is important to note that Cron-
bach’s alpha for AMS is excellent and for MTEBI it is acceptable.
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6.3.3 Data analysis

Table 6.1: Cronbach’s Alpha

a-Cronbach Meaning

MTEBI 0.75 Acceptable
Teaching self-efficacy 0.82 Good
Outcome expectancy 0.66 Questionable
AMS 0.93 Excellent
Pleasure 0.82 Good
Anxiety 0.93 Excellent
Motivation 0.55 Poor
Usefulness 0.81 Good
Confidence 0.36 Unacceptable

6.3.3 Data analysis

To answer the two research questions in this chapter, we use the mean
(X), the standard deviation (), the Pearson’s correlation coefficient (r) and
the simple regression analysis for the variables in each case. In addition, we
study the contrast of the normal population distribution (Shapiro-Wilk) and
homoscedasticity (Fligner-Killeen). The tests indicate that data normality is
accepted in each of the subscales (p — value > 0.05) [132]. In the case of
the variation uniformity test, the Fligner-Killeen test indicates that there are
not significant differences between the variances of the groups (p — value >
0.05).

Considering the results of the Shapiro-Wilk and Fligner-Killeen tests, the
Pearson’s correlation coefficient is used in this study.Table 6.2 shows the clas-
sification of correlation coefficients considered in this chapter. This classifica-
tion has been used by several researchers (e.g., [133], [134]).
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Table 6.2: Correlation coefficient

Value Meaning

1 Large and perfect correlation
0.9 —-0.99  Very high correlation
0.7—-0.89  High correlation

0.40 — 0.69 Moderate correlation

0.20 — 0.39 Low correlation

0.01 —0.19 Very low correlation

0 Null correlation

6.4 Results

This section is organized into two subsections, each of which corresponds
to each of the research questions. The first subsection examines the correla-
tion between the pre-service teachers’ mathematics teaching efficacy beliefs,
their attitude towards mathematics and their mathematics academic achieve-
ment. The second subsection studies the correlation between subscales of
MTEBI (self-efficacy of the teaching of mathematics and outcome expectancy
of the teaching of mathematics), subscales of AMS (pleasure, anxiety, moti-

vation, usefulness and confidence) and mathematics academic achievement.

6.4.1 Correlation between mathematics teaching efficacy beliefs, at-
titude towards mathematics and mathematics academic achieve-
ment

First, the mean (X) and the standard deviation (¢’) obtained in the MTEBI
and AMS are computed. Besides, the marks obtained in the TLM 1 course are
collected as mathematics academic achievement. Table 6.3 shows the mean
and standard deviation of the MTEBI, the AMS and the academic achieve-
ment obtained by the pre-service teachers. Recall that the MTEBI and the
AMS are given values up to 4, while the academic achievement is measured
up to 10.
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Table 6.3: Mean, standard deviation, and correlation between MTEBI and academic

achievement
X 1o
MTEBI 3.02 0.30
AMS 2.85 0.56

Academic achievement 5.82 1.52

Table 6.3 shows that the mean of the MTEBI values is higher than the one
obtained in the AMS. In addition, it is observed that the deviation of the AMS
is wider than the MTEBL

Moreover, we study the relationship between the pre-service teachers’ ef-
ticacy beliefs, attitude towards mathematics and academic achievement through
the Pearson’s correlation coefficient. Table 6.4 summarizes the obtained re-
sults.

Results shown in Table 6.4 indicate that there is a significant moderate
correlation between teachers’ efficacy beliefs and academic achievement, and
also between attitude towards mathematics and academic achievement (0.69 >
r > 0.40). In addition, there is a significant moderate correlation between
the teachers’ efficacy beliefs and between the attitude towards mathematics
(0.69 > r > 0.40).

Table 6.4: Pearson’s correlation coefficient between the three pairs of variables. ( **
The correlation is significant (p — value < 0.001))

Academic Teachers’ )
] ) . Attitude
achievement efficacy beliefs
Academic 1
achievement
Teachers’ effi- 0,66 1
cacy beliefs '
Attitude 0.60** 0.47** 1
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Finally, a multiple linear regression analysis between the teachers’ efficacy
beliefs and attitude towards mathematics (independent variable predictors)
and mathematics academic achievement (dependent variable) is carried out.

Results of the multiple linear regression analysis are shown in Table 6.5.

The variables teachers’ efficacy beliefs and attitude towards mathematics
show a significant relationship with academic achievement. The coefficient
of determination indicates that 54% of the variation in the output variable
(predicted variable) is explained by the input variables (predictor variables).
In other words, the two predictor variables explain 54% of the change in aca-
demic achievement score.

Table 6.5: Multiple linear regression model summary

R R?> R?adjusted F  Sig.
0.73 0.54 0.52 29.56 0.000

Furthermore, the obtained Standardized Beta Coefficient indicates that
the most powerful variable is teachers’ efficacy beliefs (B = 0.54, p < 0.001).
In the case of the attitude towards mathematics, the Standardized Beta Co-
efficient is B = 0.29,p = 0.001. These values evidence that the two factors
predict significantly academic achievement.

Finally, for a better interpretation of the correlation of the data, Figure 6.1
shows the scatter plot between the teachers’ efficacy beliefs and academic
achievement. There is a direct linear relationship between the teachers’ ef-
ficacy beliefs and the academic achievement of pre-service teachers with a
stochastic dependence. The regression line expresses the trend between be-
liefs and academic achievement. Specifically, this means that students” aca-
demic achievement will be higher as the teachers’ efficacy beliefs are also
higher.

Analogously, Figure 6.2 shows the dispersion of data between the atti-
tude towards mathematics and academic achievement. It is shown that there

is a direct correlation between the attitude towards mathematics and the aca-
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Academic achievement

| | | | |
20 2.5 3.0 35 4.0

Teachers' efficacy belief

Figure 6.1: Scatter plot between the teachers” efficacy beliefs and academic achieve-
ment.

demic achievement of pre-service teachers with a stochastic dependence.

Academic achievement

| | | | | | |
1.0 1.5 20 25 30 35 4.0

Students' attitude towards mathematics

Figure 6.2: Scatter plot between the attitude mathematics and academic achieve-
ment.
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6.4.2 Correlation among subscales of MTEBI, subscales of AMS
and mathematics academic achievement

This section studies together the two subscales that conform the MTEBI
(mathematics teaching self-efficacy and outcome expectancy ) and the four
considered from the AMS (pleasure, anxiety, motivation and usefulness). Re-
call that the subscale confidence was removed due to the unaccepted reliabil-
ity provided by Cronbach alpha.

Table 6.6 shows the mean (X), the standard deviation (), and the Pear-
son’s correlation coefficient value (r) between the two subscales of MTEBI, the
four subscales of the AMS, and academic achievement. It should be noted
that the anxiety subscale has been reversed scored. That is, the higher the
score is, the less the anxiety.

In addition, in the case of MTEBI, the PMTE subscale has the highest
mean. In the AMS, the motivation subscale has the highest mean. The lowest
score, on the contrary, is obtained in the pleasure subscale.

Results summarized in Table 6.6 shows that there is a significant high
correlation between the teaching self-efficacy (PMTE) and academic achieve-
ment. In the case of the outcome expectation (MTOE), its correlation with
the academic achievement is very low and it is not statistically significant.
In the case of the AMS subscales, results show that the correlation between
both anxiety and usefulness and academic achievement is moderate (0.70 >
r > 0.39). Specifically, the highest correlation with academic achievement is
found in the case of the anxiety subscale (r = 0.57,p < 0.05). The lowest
correlation, on the contrary, is obtained between the motivation subscale and
academic achievement (r = 0.27) and in this subscale, the obtained result is
not significant (p > 0.05).
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Table 6.6: Mean and standard deviation obtained in each studied subscale, and cor-
relation between each of them and academic achievement

X o r  p—valor
PMTE 3.17 030 072 <0.01
MTOE 287 045 0.16 0.11

Pleasure 215 0.78 054 <0.01
Anxiety 281 0.69 057 <0.01
Motivation 3.28 0.57 0.27 0.024
Usefulness 2.78 0.66 0.55 < 0.01

Finally, a multiple linear regression analysis between the six subscales
and mathematics academic achievement is carried out taking the indepen-
dent variables predictors (self-efficacy of the teaching of mathematics, out-
come expectancy of the teaching of mathematics, pleasure, anxiety, moti-
vation and usefulness) and the dependent variable (mathematics academic
achievement).Table 6.7 summarizes obtained results.

Table 6.7: Multiple linear regression model summary

R R?> R?adjusted F  Sig.
0.77 0.59 0.54 11.52  0.000

Results shown in Table 6.7 indicate that there is a significant dependent
relationship between the subscales and academic achievement. The coeffi-
cient of determination (R?> = 0.59) indicates that 59% of the variation in the
output variable (predicted variable) is explained by the input variables (pre-
dictor variables). Therefore, the six predicted variables explain 59% of the
change in academic score. According to the obtained Standardized Beta Co-
efficient values, the order of influence of the predictor variables on academic
achievement is the following: mathematics teaching self-efficacy (8 = 0.58),
outcome expectation (8 = 0.14), pleasure (B = 0.13), anxiety (B = 0.08),
usefulness (8 = 0.06) and motivation (B = 0.05).
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Considering the obtained correlation (p > 0.05) and Standardized Beta
Coefficient (B = 0.13, p > 0.05), the MTOE subscale is removed from the ini-
tial model. Five independent variables predictors (self-efficacy of the teach-
ing of mathematics, pleasure, anxiety, motivation and usefulness) and depen-
dent variable (mathematics academic achievement) define the new model.
The values of the new model are equal to model 1, but the Standardized
Beta Coefficient values are slightly modified. Again, the most powerful vari-
able is mathematics teaching self-efficacy (B = 0.59), followed by pleasure
(8 =0.19).

6.5 Discussion

This chapter aimed at studying pre-service teachers” mathematics teach-
ing efficacy beliefs, their attitude towards mathematics and their mathemat-
ics academic achievement. Besides, it also aimed at studying the correlation
between subscales of MTEBI (mathematics teaching self-efficacy and out-
come expectancy), subscales of AMS (pleasure, anxiety, motivation, useful-
ness and confidence) and mathematics academic achievement. Regarding
the first research question, results reaffirm that there is a significant moderate
correlation between the mathematics teaching efficacy beliefs and academic
achievement (r = 0.66). That is, teachers with greater teachers’ efficacy be-
liefs showed a better academic achievement. This result is in accord with
the work presented in [135], where the self-efficacy is related to mathematics
academic achievement. Results also show a moderate correlation between
the attitude towards mathematics and academic achievement (r = 0.60).
This result is consistent with previous research that supports the influence
of the attitude towards mathematics of pre-service teachers in their academic
achievements in mathematics [93]. Additionally, results manifest a signifi-
cant moderate correlation between both factors (r = 0.47). This result allows
to conclude that both factors are not redundant (its correlation is not high),
so they provide different and useful information.

From the multiple linear regression analysis it can be concluded that math-
ematics teaching efficacy beliefs is the most powerful factor to predict aca-
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6.5 Discussion

demic achievement ( = 0.54).

Therefore, this chapter emphasizes that both positive mathematics teach-
ing efficacy beliefs and a positive attitude towards mathematics of pre-service

teachers have a positive effect on their academic achievement.

Concerning the second research question, it is shown that the subscale
PMTE presents a significant high correlation with academic achievement (r =
0.72). The MTOE subscale, on the contrary, presents a low correlation and it
is not significant (r = 0.16,p = 0.11). These results are consistent with the
theoretical predictions based on Bandura’s works [64], [67], where it is af-
firmed that self-efficacy beliefs predict academic outcomes. Obtained results
also coincide with other previous researches (e.g., [136], [137], [138], [72]),
where authors indicated that there is a relationship between self-efficacy and
academic achievement.

The second highest correlation coefficient is obtained between the anxiety
subscale and academic achievement (r = 0.57). Some researchers also deter-
mined that there is a relationship between anxiety and academic achievement
([137], [28], [139]). That is, more anxiety implies less academic achievement.

Results obtained applying a multiple linear regression show that the most
powerful variable to predict academic achievement is PMTE subscale (B =
0.59). The second powerful variable to predict academic achievement is plea-
sure (B = 0.19). In the current context, pleasure is the subscale with the low-
est given mean. Therefore, a clear implication of this chapter would be to try
to improve the pleasure pre-service teachers feel towards mathematics. Ac-
cording to the obtained results in this chapter, that improvement will benefit
the mathematical academic achievements.

Indeed, considering the impact of the mathematics teaching efficacy be-
liefs and the attitude towards mathematics with respect to academic achieve-
ment, teachers training programs should help pre-service teachers to develop
more positive beliefs and attitudes towards mathematics. A clear implication
of this chapter would be to include an evaluation of the mathematics teach-
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ing efficacy beliefs and the attitude toward mathematics of the pre-service
teachers. Additionally, its evolution throughout the Bachelor Degree should
also be studied.

Although this chapter is focused on a reduced population and a specific
context, we believe that the significant relationships found in this investiga-
tion allow to extend the same conclusions to a larger population and other

contexts.
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Chapter

Studying mathematics teaching efficacy beliefs

of primary and secondary in-service teachers

his chapter compares the mathematics teaching efficacy beliefs of in-
T service primary and secondary education teachers. Additionally, the
influence of the level of teacher training on mathematics teaching efficacy be-
liefs is also studied. Specifically, beliefs of teachers with a bachelor degree
are compared with the ones of teachers who have a Master. The two factors
(level of teaching and level of teacher training) are considered important in
the literature.

7.1 Introduction

Several researchers have shown that efficacy belief of in-service teachers’
mathematics is important because it affects their teaching practices ( [64], [67],
[136], [138], [78], [83], [84], [72]). Specifically, researchers have indicated the
importance of self-efficacy in improving student learning.

Indeed, many researchers have studied factors that influence teachers’ ef-
ficacy beliefs ( [82], [84], [86]). In this sense, in [140], the authors groups the
factors that influence teachers’ efficacy beliefs into two dimensions: teacher
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7.2 Purpose of the study

related variables and contextual variables. The following are considered teacher-
related variables: gander, causal attributions, teaching experience and teacher
training level.Besides, the contextual variables are: level where teachers teach,
characteristics of the group the teacher teaches and collaboration between
teachers. Specifically, in this chapter we study the factors: level where teach-
ers teach and level of training. Hoy et al. [141] propose the level of academic
training of teachers as a determining factor in their sense of self-efficacy. Ac-
cording to them, teachers with a higher level of training tend to enjoy greater
self-efficacy, perhaps because more extensive training contributes to the ac-
quisition of more teaching skills. Moreover, the level of teaching factor is
a contextual variable. The level of teaching at which the teacher teaches
represents the contextual variable that influence on his expectations of self-
efficacy [82].

7.2 Purpose of the study

As discussed above, the objective of this chapter is to study two factors
that can influence the mathematics teaching efficacy beliefs in primary edu-
cation and secondary school teachers. Specifically, two factors are studied:
teaching level (primary and secondary) and level of training (degree, mas-
ter). To meet the objective, two research questions are defined, one for each

factor:

1. Does the teaching level factor (level where teachers teach) influence the

teaching self-efficacy and the outcome expectancy?

2. Does the level of training (degree and master) influence the teaching

self-efficacy and the outcome expectancy?
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7.3 Methodology

In this chapter, for the analysis of information, descriptive and inferential
statistics are used, once the necessary conditions for its application are met.

7.3.1 Participants

The sample in this study was comprised of a total of 354 teachers, 252
(71%) of which were primary school teachers and 102 (29%) were secondary
school mathematics teachers. The MTEBI survey was adapted for in-service
teachers, and created in google forms. Directors of Primary Education schools
and Secondary school in the city of Tarragona were sent the link of the survey
during the second trimester of 2018-2019 school academic year. They shared
the link so that in-service teachers were able to answer it confidentially.

In Spain primary education teachers obtain their bachelor degree in Pri-
mary Education and can teach students between 6 and 12 years old. Besides,
it is important to point out that in Spain there is not a specific bachelor de-
gree to become a secondary education teacher. Secondary school mathemat-
ics teachers mostly have a degree in Mathematics or related areas, and sub-
sequently obtain their postgraduate studies in education. In fact, today, all
secondary school teachers have to study a master’s degree in education, in
the corresponding speciality. Secondary school teachers teach students be-
tween the ages of 13 and 18.

7.3.2 Instrument

The Mathematics Teaching Efficacy Belief Instrument (MTEBI) for pre-

service teachers is again used in this chapter.
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7.3.3 Data analysis

7.3.3 Data analysis

In order to determine the reliability of the instrument for the current con-
text, the Cronbach’s alpha test was applied to both subscales (namely, PMTE
and MOTE) [109]. The values of Cronbach’s alpha for the PMTE and the
MTOE are 0.84 and 0.81, respectively. According to the scale proposed by
[110], the obtained values of Cronbach’s alpha are good (>0.8).

In addition, the contrast of the normal population distribution (Shapiro-
Wilk [132]) and homoscedasticity (Fligner-Killeen) is studied. Depending on
the conditions of the data, the Kruskal-Wallis (Non-Parametric ANOVA) test
is used to verify significant differences between different groups [142]. A
post-hoc analysis determines the significant differences observed in the data
groups. Specifically, a Tukey (non-parametric) test is applied.

Further, in the case of two analysis groups, the t — student test is used to
verify significant differences between these groups (parametric data).

7.4 Results

This section presents the results of the implementation of the The Math-
ematics Teaching Efficacy Belief Instrument (MTEBI). The Personal Mathe-
matics Teaching Efficacy (PMTE) and Mathematics Teaching Outcome Ex-
pectancy (MTOE) subscales are studied separately. In particular, the two
subscales are studied in primary education and secondary school teachers.
The results of this research are organized into two subsections, each of which
corresponds to each research question.

74.1 Comparing primary and secondary teachers

In the first subsection, the factor level of studies where the teachers teach
is studied. That is to say, the mathematics teaching efficacy beliefs of primary
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and secondary teachers are compared. In order to meet the objective of this
section, the scores of the mean, median and standard deviation are studied.

The normality hypothesis is studied, the Shapiro-Wilk test is applied and
normality is accepted (p > 0.05) for the two groups of the PMTE and MTOE
subscales. In addition, the homoscedasticity of the variances (p > 0.05) in the
PMTE and MTOE subscales is accepted.

Mathematics teaching self-efficacy (PMTE subscale)

The primary teachers” mean score is ¥ = 3.47 and the standard deviation
o = 0.36. Besides, the secondary school teachers obtained a mean score of
¥ = 3.59 and a standard deviation of ¢ = 0.33.

At — student test is then performed to compare whether there are signif-
icant differences between the mean scores obtained in each group. The value
of p (0.022) indicates that there is a significant difference between the mean
scores of the two groups (primary and secondary education teachers). It is
important to note that secondary school teachers have a significantly higher
mean score than primary education teachers. Figure 7.1 shows the box plot
of the total mean scores obtained by primary education and secondary school
teachers in the teaching self-efficacy (PMTE) subscale.

Furthermore, Figure 7.1 shows that the range of values for primary edu-
cation teachers is clearly wider than that of secondary school teachers. Specif-
ically, in the case of primary teachers, an outlier (1.25) is observed. In the case
of secondary school teachers, no outliers are observed, while the minimum
value is 2.8. The minimum value for secondary school teachers is higher than
the minimum value for primary teachers. Figure 7.1 shows that secondary
school teachers obtained higher mean scores in teaching self-efficacy than

primary teachers.
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Figure 7.1: Individual mean scores given to in-service teachers, teachers mean scores
given to PMTE subscale.

Outcome expectation (MTOE subscale)

Analogously, the mean and standard deviation scores of the questions
corresponding to the outcome expectation subscale are calculated for each
group of participants from the outcome expectation. Primary education teach-
ers get a score of the mean of ¥ = 2.90 and a standard deviation of ¢ = 0.46.
Moreover, secondary school teachers obtain a score of the mean of ¥ = 2.54
and a standard deviation of ¢ = 0.52. The t — student test is used to verify
the difference between obtained means of the data. In this case, the difference
between the means obtained is statistically significant (p = 3.99 x 10719). It
should be noted that, unlike teaching self-efficacy, in the outcome expectation
primary education teachers obtain a significant higher mean than secondary
school teachers. Figure 7.2 shows the box plot of the total mean scores ob-
tained by primary education and secondary school teachers in the subscale
outcome expectation.

Figure 7.2 shows that for both primary education and secondary school
teachers there are outliers of less than 1.5. However, it can be clearly seen
that the mean scores of primary teachers are higher than those of secondary
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Figure 7.2: Individual mean scores given to in-service teachers, teachers mean scores
given to MTOE subscale.

school teachers. Specifically, 50% of primary teachers’ mean scores are below
2.88. Moreover, 50% of secondary teachers’ mean scores are below 2.50.

7.4.2 Level of teacher training

In this section, the training level factor is studied. Concretely, the results
obtained by teachers who have a bachelor degree are compared with those
of teachers that have a master degree. In order to meet the purpose of this
section, the scores given by primary education and secondary school teachers
to the items of both subscales PMTE and MTOE are studied. In this case, the
population of primary education and secondary school teachers is divided
into two groups: teachers with a bachelor degree (70%) and teachers with
a master degree (30%). In the case of secondary school teachers, 47% have
of secondary school teachers have a bachelor degree and 53% have a master
degree. Besides, 80% of primary education teacher have a bachelor degree
and the other 20% have a master degree.

The hypothesis of normality is studied, the Shapiro-Wilk test is applied,
and the normality (p > 0.05) of the two groups of the PMTE and MTOE
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7.4.2 Level of teacher training

subscales is accepted. In addition, the homoscedasticity of the variances (p >
0.05) in the PMTE and MTOE subscales is accepted.

Mathematics teaching self-efficacy (PMTE subscale)

This section studies the scores given by teachers to the items of teaching
self-efficacy. In this subscale, the group of participants of teachers with a
bachelor’s degree obtains a mean of ¥ = 3.46 and a standard deviation of
o = 0.37, while the group of teachers with a master’s degree obtains a mean
of ¥ = 3.57 and a standard deviation of ¢ = 0.34. The t — student test is
applied to verify the significance of the means of the data obtained by the
participants and it is evident that significant differences exist between the
groups of participants (p = 0.04). These results indicate that teachers with
a master’s degree obtain higher mean scores than teachers with a bachelor’s
degree. Figure 7.3 shows the box plot of total scores obtained by primary
education and secondary school teachers in the teaching self-efficacy subscale

(PMTE).
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Figure 7.3: Individual in-service teachers, teachers average scores given to PMTE
subscale.

Further, Figure 7.3 shows that the range of values for teachers with a bach-
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elor’s degree is clearly wider than for teachers with master’s degree training.
Specifically, an outlier (2.2) is observed for teachers with a bachelor’s degree.
In the case of teachers with a master’s degree, there are no outliers. The min-
imum values and quartile 1 of the teachers with a master’s degree are clearly
higher than those of the teachers with a bachelor’s degree. The median in
both cases is 3.6.

Outcome expectation (MTOE subscale)

Similarly, in this subscale, the group of teachers with a bachelor degree
training obtains a mean of ¥ = 2.74 and a standard deviation of ¢ = 0.54,
while, the group of teachers with a master degree training obtains a mean of
¥ = 2.81 and a standard deviation of ¢ = 0.48. Results of the test t — student
verifies that there is no significant difference between the means of the two
groups of teachers (p = 0.10). Figure 7.4 shows the box plot of the total mean
scores obtained by primary education and secondary school teachers in the
subscale outcome expectation by training level of education.
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Figure 7.4: Individual in-service teachers, teachers average scores given to MTOE
subscale.

In addition, Figure 7.4 shows that the range of values for teachers with a
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bachelor’s degree is similar to that of teachers with a master’s degree. Specif-
ically, two outliers (1.25,1.5) are observed in the case of teachers with a bach-
elor’s degree. In the case of teachers with a master’s degree, an outlier is
observed (1.00). The minimum values, quartile 1, 2 and 3 in the two cases are
similar. This representation allows visualizing the mean scores given by each
teacher, which vary from 1.63 to 4 and from 1.63 to 3.88 in the case of teachers
with bachelor’s and master’s degrees, respectively. These scores show that
there is homogeneity in the data.

7.5 Discussion

The current chapter studies the teachers’ mathematics teaching self-efficacy
(PMTE) and mathematics teaching outcome expectations (MTOE) of primary
education and secondary school teachers. Specifically, this chapter studies
if the level of teaching and the level of teacher training are factors that in-
fluence teaching self-efficacy and outcome expectations of primary and sec-
ondary education teachers. To meet the objective of this chapter, two research
questions were posed, one for each factor.

Answering the first question, this study indicates that the teaching level
factor influences the teaching self-efficacy. Particularly, this study determines
that secondary school teachers get a significantly higher mean score than pri-
mary education teachers. These results are in accord with previous studies
( [82], [143]) with the fact that the teaching level factor represents the con-
textual variable that influences the teaching self-efficacy. Besides, the results
show that in the outcome expectation primary education teachers get a sig-
nificantly higher mean score than secondary school teachers.

Considering the results of the teaching level factor, we believe that the
teaching self-efficacy of secondary school teachers is greater than that of pri-
mary education school teachers because secondary school teachers are spe-
cialists in the mathematics subject. These results may be due to the fact that
secondary school teachers are mathematics graduates or a related grade and
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dominate the subject. However, primary education teachers are generalists
and work with several subjects at once, which implies that they may have
higher teaching self-efficacy in another area of teaching. Moreover, in the
outcome expectation, one reason that secondary school teachers may per-
form at a lower mean than primary education teachers may be because a
significant percentage of secondary school teachers do not have a bache-
lor’s/postgraduate degree in education, and thus do not have specific train-
ing in didactics. This fact implies that they do not have scientific knowl-
edge such as: group techniques, strategies to maintain discipline in the class-
room, techniques to carry out evaluation, etc. These variables can diminish
the teaching self-efficacy and outcome expectation according to ( [64], [67]).

Finally, in the second question, this chapter shows that the training level
factor influences the teaching self-efficacy. Concretely, teachers with a mas-
ter’s degree obtain significantly higher mean scores than teachers with a bach-
elor’s degree. Obtained results coincide with [141], who indicated that the
level of academic training of teachers is a determining factor in their self-
efficacy. Besides, no evidence was found that the level of teacher training
influences the outcome expectation.

Considering these results, it can be concluded that teachers without spe-
cific training in didactics should receive didactics training courses before
starting their work as teachers. Another important implication is that the
mathematical content knowledge of primary school teachers should be strength-
ened.
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Chapter E

A comparison between pre-service teachers’ math-
ematics teaching self-efficacy at Rovira and Vir-

gili University and at Azuay University

his chapter aims at comparing pre-service teachers” mathematics teach-
T ing self-efficacy in two different contexts. Concretely, students in the
fourth year of the Basic General Education Degree at the Azuay University
and the fourth year of the Primary Education Degree at the Rovira and Virgili
University are compared. Self-efficacy is measured just before completing the
Basic General Educational and the Bachelor’s Degree in Primary Education,
respectively.

8.1 Introduction

Dilekli and Tezcib [144] indicated that teachers’ self-efficacy belief for
teaching thinking changes depending on teachers’ country, gender, teaching
field and professional seniority. Except the mutual effect of gender and pro-
fessional seniority, mutual effect of country and gender, gender and teaching
tield were found significant. Teachers” self-efficacy belief for teaching think-
ing were found high in all countries. Besides, Zamora [145] and Rosario [146]
highlight the importance of the teachers” mathematics teaching self-efficacy
in these students as a predictor of mathematical academic performance, and
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8.2 Research Question

point out that the variables of sex, scholarship holding, educational level of
students Parents, career choice and career level, as well as other motivational,
socio-educational and school context factors strongly influence mathematical
academic performance, albeit indirectly.

This chapter compares the self-efficacy of teaching mathematics of two
different groups: students of at Azuay University, Cuenca, in Ecuador, and
students of at Rovira and Virgili University, Tarragona, in Spain. This study
is carried out in different contexts (countries).

8.2 Research Question

To meet the objective, a research question is defined:

Do the two studied groups present significant differences in their teach-
ers’ self -efficacy? It is studied how to increase the self-efficacy of the teaching
of mathematics, considering the strategies used in the Mathematics and di-
dactics course and / or Teaching and Learning Mathematics course.

8.3 Methodology

In this chapter, descriptive and inferential statistics are used for the anal-
ysis of the information, once the necessary conditions for its application are
met. The Personal Mathematics Teaching Efficacy subscale of the Mathemat-
ics Teaching Efficacy Belief Instrument (MTEBI) [123] is used to measure the
mathematics teaching self-efficacy of pre-service teachers. The test of math-
ematics teaching self-efficacy was sent to students at the Rovira and Virgili
University (group 1) using a Google form at the end of the 2019-2020 aca-
demic period. Further, students at the Azuay University (group 2) was ad-
ministered the test in person at the beginning of the 2019-2020 academic pe-
riod. They had approximately 15 minutes to answer the questions.
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8.3.1 Participants

The sample used in this research is an intentional sample. Specifically,
there are 26 (96%) students at the University of Azuay in Ecuador out of a
total of 27 enrolled students. This group is denoted as group 1. In addition,
there are 31 (88%) students from the Rovira i Virgili University of Spain out
of a total of 35 enrolled students of the Terres of I'Ebre campus. This group
is denoted as group 2. In the first case, they are students of the General Basic
Education Degree who in the future will teach basic subjects (mathematics,
natural sciences, social studies and language and literature) to boys and girls
and young people between 6 and 15 years old. In the second case, they are
students of the Primary Education Degree who will teach the basic subjects
(mathematics, Catalan language and literature, Spanish language and litera-
ture, social and cultural environment, and natural environment) to boys and

girls between 6 and 12 years.

The details of the Basic General Education Degree and the content of
mathematics courses at Azuay University is detailed below. Recall that the
details of the Primary Education Bachelor Degree at Rovira and Virgili Uni-
versity were presented in section 1.2.

Azuay University

The Basic General Education Degree consists of a four and a half year pro-
gram, composed of 9 semesters. The degree includes four mandatory courses
of Mathematics and Didactics, which begin in the first and end in the fourth
semesters, the profile of the future professional seeks to respond to the entire
the sublevel of General Basic Education, proposed by the Ministry of Edu-
cation of the Ecuador, that is: elementary, medium and superior. Table 8.1
shows the distribution of the four courses of the Mathematics and Didactics
throughout the Bachelor’s Degree.

Mathematics I and Didactics covers the contents of the second, third and
fourth years of Basic General Education, considering the details of the 2010
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Table 8.1: Distribution of Mathematics and Didactics (MD) at the General Primary
Education Bachelor Degree (semester is denoted by S)

1st 2nd 3rd 4th 5th
51 2 S3 Si S5 S6 S/ S8 59
MD MDI MD2 MD3 MD4 ST1 ST2 SI3 ST4
Durationin , 16 16 6 6 6 6 6
weeks
Durationin g, 80 80 80 120 120 120 120
hours

Curricular Update and Strengthening Document. This document aims at
achieving the the effective development of skills with performance criteria
in boys and girls, facilitating good knowledge, management and application
of the curricular program of these sub-levels to the student. Besides, it guides
the teacher’s orientation safely and increase awareness of the importance of
mathematics in the integral development of students. The course favors rea-
soning, methodologies and logical sequences that allow the student to obtain
the bases for understanding Mathematics in general.

Mathematics Il and Didactics develops the conceptual elements that serve
as a basic orientation to carry out the teaching work in learning the mathe-
matical blocks for students in the fifth and sixth year of Basic General Edu-
cation. Through this course, the student could conveniently handle the pro-
grams proposed by the national educational authority for the aforementioned
sub-levels, while discovering new ways to stimulate logical thinking through
the topics covered and the proposed methodology. The course includes the
last basic topics that must be assimilated by students to cover a good part of
the demands of the current quality standards requested by the Ministry for
the third level. Also, it contributed to the development of logical thinking
pursued by the entire curriculum proposal.

Mathematics III and Didactics covers the contents for seventh and eighth
of Basic Education, providing the student with a good knowledge, man-
agement and application of the curricular program of these levels, to guide

the teaching orientation safely and increase awareness of the importance of
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mathematics in the integral development of students. The subject strength-
ens reasoning, methodologies and logical sequences, promotes creativity, ab-
straction, order, perseverance, integrates values and transversal knowledge
allowing the student to obtain the bases for understanding Mathematics re-
lated to university education.

Mathematics IV and Didactics studies the details, topics and contents
for the ninth and tenth year of Basic General Education with appropriate
methodologies. It articulates the course of Mathematics I, Mathematics 1I,
Mathematics III and Didactics, because it complements the basic concepts
and methodologies addressed in the didactics of mathematics so that stu-
dents can apply them in the different pre-professional practices of Basic Gen-

eral Education.

In addition to the MD courses, the students have 480 hours teaching pe-
riods along the Bachelor (Table 8.1). During these student teaching periods
(TS1, TS2, TS3 and TS4), the pre-service teachers stay at a school under a su-
pervised teaching practice. In the first period of student teaching, they have
to carry out pre-professional practices and link with the Community of First
grade of Basic General Education. In the second period of student teach-
ing, they have to carry out pre-professional practices and link with the Com-
munity of Second grade of Basic General Education. In the third period of
student teaching, they have to carry out pre-professional practices and link
with the Community from Third to Seventh grade of Basic General Educa-
tion. Finally, they have to carry out pre-professional practices and link with
the Community from eighth to tenth grade of Basic General Education.

8.3.2 Instrument

To study the self-efficacy of mathematics teaching, one of the subscales of
the MTEBI was chosen: the Personal Mathematics Teaching Efficacy subscale
(PMTE).
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8.3.3 Data analysis

8.3.3 Data analysis

To determine the reliability of the results obtained, the Cronbach’s alpha
test is applied [109]. The Cronbach’s alpha coefficient in group 1is « = 0.78
and for group 2 & = 0.72. According to the rules provided by [110], these al-
pha values are acceptable. Additionally, the normal distribution of the pop-
ulation in each proposed group [132] and homoscedasticity are studied us-
ing the Fligner-Killeen test. Depending on the data conditions, the Kruskal-
Wallis test (non-parametric) or t — Student (parametric data) will be used to
verify significant differences between the groups.

8.4 Results

Let us remember that the pre-service teachers” mathematics teaching self-
efficacy was measured at the end of the academic year, considering the fourth
year at the Basic Education at Azuay University and Primary Education at
Rovira and Virgili University in Ecuador and Spain, respectively.

8.4.1 Self-efficacy of the teaching of mathematics

The scores given by fourth-year students to the items of mathematics
teaching self-efficacy are studied. First, Table 8.2 shows the mean and stan-
dard deviation of the scores corresponding to the fourth-year Primary Edu-
cation students of the two groups. Also, the ranking of student responses
based on the mean score is included in the table. In inverse questions, in-

verted scores are displayed.
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Table 8.2: Mean and standard deviation of the scores that participants give to the
self-efficacy items
No Question Group 1 Group 2
M SD rank M SD rank
1 ITwill continuall}.l find better ways to 338 075 5 368 047 5
teach mathematics.
Even if I try very hard, I will not
2(R) teach mathematics as well as T will 2.88 059 11 332 091
most subjects.
3 I know how tF) teach mathematics 300 048 10 271 069 13
concepts effectively.
AR) I w.ill not be Ver}.l effec.ti\'/e. in moni- 085 067 12 371 080 4
toring mathematics activities.
5R) I will generally teach mathematics 342 057 4 381 087 2
ineffectively.
I understand mathematics concepts
6  well enough to be effective in teach- 3.08 062 8 326 074 10
ing elementary mathematics.
I will find it difficult to use manip-
7(R) ulatives to explain to students why 346 064 3 377 062 3
mathematics works.
g ITwill typical'ly be able to answer stu- 315 054 7 335 060 8
dents’ questions.
I wonder if I will have the necessary
IR) . . 212 058 13 284 094 12
skills to teach mathematics.
Given a choice, I will not invite the
10(R) principal to evaluate my mathemat- 3.04 0.66 9 284 094 12
ics teaching.
When a student has difficulty un-
derstanding a mathematics concept,
11(R) Iwill usuallybeatalossastohowto 323 058 6 3.68 068 6
help the student understand it bet-
ter.
WWhen teaching mathematics, I
12 will usually welcome student ques- 3.77 042 1 397 044 1
tions.
13R) I'do not know what to do to turn stu- 350 051 2 339 085 7

dents on to mathematics.
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I 190569 8.4.1 Self-efficacy of the teaching of mathematics

Note that the self-efficacy scores given by the students in group 1 are gen-
erally lower than those given by the students in group 2. In the answers in
group 1, there are 7 questions with a score lower than 3.20 (questions 2, 3 , 4,
6, 8,9 and 10). In the case of group 2, there are 3 questions with scores lower
than 3.20 (questions 9 and 10).

The highest mean in group 1 and group 2 of the fourth year is in question
12, with values of the arithmetic mean of 3.77 and 3.97, respectively. On the
contrary, in group 1, the lowest value of the mean was obtained in question 9
(2.12). On the other hand, in group 2, the lowest value is given in question 3
(2.71).

Figure 8.1 shows the values of the mean obtained in each of the self-

efficacy questions by the students of the two groups. For inverse items, in-

P11 P12 P13

verted scores are provided.

4
3
| I I
1
PP P2 P32 P4 PS5 P66 P P8 PY PIO

Figure 8.1: Mean of the scores corresponding to the self-efficacy items of the two
groups.

B Group 1
EGroup 2

In Figure 8.1, it can be seen that the ranges of the questions are different in
most of the questions. It is noteworthy the difference in some of the questions
between the two groups. Note, for example, the score in question 9: group 1
(¥ =2.12), group 2 (¥ = 2.84). Students of group 2 are clearly more positive
about having the necessary skills to teach mathematics. Also, in question 7,
the students of group 2 have greater confidence in the use of manipulative
to teach mathematics. Another example would be question 4, in which stu-
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dents in group 2 are more effective at monitoring math activities. However,
it should be noted that only in question 3 and 13 does group 1 have a higher
average than group 2. According the the results, group 1 think that they will
teach mathematical concepts more effectively than group 2. Also, group 1
think that they will know what to do to turn students on to mathematics.

Additionally, a differential analysis is performed on each of the questions
to find out if the two groups answer the specific questions differently. Com-
pliance with the normality hypothesis conditions is verified in all pairs of
questions (Shapiro-Wilk) and homoscedasticity (Bartlett) (p — value > 0.05).
According to the data conditions, the Student t test is applied. Applying the
t-Student, significant differences are found between the arithmetic means in
7 of the 13 questions. Concretely, in the following questions: 2, 3, 4, 5,7, 9
and 11. In 6 of the 7 questions, group 2 obtained higher scores than group 1.

Figure 8.2 shows the mean scores of the self-efficacy of the participants
corresponding to group 1 and group 2. To study the distribution of the scores,
the total score of the self-efficacy questions obtained by each participant is
averaged (the total score it is averaged by the number of questions scored by
the participant).

40 =

35

25

e =

-
1
1
1
I
! 1 !
1
1
[
o]
T

Self-efficacy Group 1 Self-efficacy Group 2

Figure 8.2: Individual mean scores given to pre-service teachers, teachers mean
scores given to self-efficacy items of the two groups.
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8.5 Discussion

Figure 8.2 shows that the range of values of pre-service teachers in group
1 is clearly wider than that of group 2. In particular, the minimum value of
group 1 is the smallest (2.46). In the case of group 2, the minimum value is
3.08 and an outlier of 2.46 can be observed. Note that in group 1, 50% of the
participant obtained their lowest values between 2.46 and 3.23; the other 50%
obtain higher values of the mean between 3.23 and 3.77. Moreover, in group
2, 50% of participants obtained their lowest scores between 3.08 and 3.38; the
other 50% obtain higher values of the mean between 3.38 and 3.92.

Additionally, the overall performance of the students in each group is
compared. First, the fulfillment of the normality hypothesis conditions is
verified in the two groups (Shapiro-Wilk) and homoscedasticity (Bartlett)
(p — value > 0.05). Next, the t-Student test was performed to see if the dif-
ference between the means obtained in each group is statistically significant.
The t-Student test gives the following value (p — value = 0.00078). Therefore,
the difference between the means is statistically significant, the participants
in group 2 have a higher mean than those in group 1.

Table 8.3 shows the mean and standard deviation of the scores obtained
in the mathematics teaching self-efficacy for the two groups.

Table 8.3: Self-efficacy (mean and standard deviation)

Group1l Group 2
Mean 3.15 3.44
SD 0.31 0.30

8.5 Discussion

To answer the research question, the means of each question of the math-
ematics teaching self-efficacy were studied for each of the two groups of par-
ticipants. Our findings indicate that students in the Primary Education grade
(group 2) obtain higher scores than students in the Basic Education grade
(group 1). Only in question Q3 (I know how I will teach mathematical con-
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cepts effectively) and Q13 (I know what to do to turn students on to mathe-
matics), the students in group 1 have a higher mean.

Also, a statistical analysis of the items was performed to see if the two
groups answer specific questions differently. It is noteworthy that there are 7
questions to which students give statistically significant different scores (only
in Q3 the relationship is the other way around, group 1 highest score). We be-
lieve that this occurs due to the difference in the mathematical content of the
Mathematics and Didactics course (group 1) and the Teaching and Learning
of Mathematics course (group 2). Likewise, we think that the difference in the
number of hours of the teaching practice periods influences the mathematics
teaching self-efficacy, in this case, group 2 has 240 hours more practice than
group 1, in the same way group 2 has higher self-efficacy than group 1. Also,
they are finishing their degree and the students in group 1 have not received
math training for a long time (2 years). Therefore, they may feel insecure
about being in a class and have a negative effect on self-efficacy. Therefore,
it is recommended that in group 1 a change be made in its curriculum, the
Mathematics 1 and Didactics course begin in S4, as is done in the Teaching
and Learning Mathematics course, in addition to adding more hours of teach-
ing practice.

Additionally, the results obtained show that there are statistically signifi-
cant differences between the values of the means of the mathematics teaching
self-efficacy of the fourth-year students of the two universities. These results
are in accord with those presented in [144], where the authors show that the
self-efficacy of teachers changes depending on the country. The results of the
self-efficacy of mathematics teaching of students in group 1 is relatively low
compared to students in group 2.

Importantly, although pre-service teachers arrive at degree with estab-
lished mathematical beliefs, researchers have shown that pre-service teachers
programs can influence the self-efficacy of future teachers ( [69], [30]). Con-
sidering this aspect, we propose to reinforce the contents of the Mathematics
and Didactics course and include more practical sessions (group 1).
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Another possible solution for group 1 could be to promote the content
knowledge mathematics of pre-service teachers by including an introduc-
tion to basic mathematics in the first year of the degree. Considering that,
[74] found a moderate positive relationship between content knowledge and
teacher self-efficacy. Also, note that the students in group 1 do not have math-
ematics in the last two years of the degree, it would be pertinent to analyze
the curriculum and the possibility of assigning hours of study of the teaching
of mathematics in the last two years of the degree.

Finally, we believe that it would be pertinent that the course of Mathemat-
ics and Didactics (group 1) include the how to use manipulatives and interac-
tive applications to teach mathematics in Basic Education. In group 2, in the
TLM2 course, the pre-service teachers learn how to use manipulatives and
interactive applications to teach Numeracy at Primary school. In addition, it
would be pertinent to include manipulable materials in the course of Math-
ematics and Didactics for the teaching of Geometry in Primary, as in TLM3,
at the URV. Besides, studying question 3 (group 1 is more positive when an-
swering: I know how I will teach mathematical concepts effectively), so it
would be necessary to include more theoretical topics with reference to the
teaching of mathematics in the Teaching and Learning Mathematics course

(group 2).
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Chapter E

Conclusions

In this chapter, conclusions and future lines of research are summarized.

9.1 Summary

In this Thesis, the main goal was to study both the mathematical con-
tent knowledge of the students of the Primary Education Bachelor Degree at
the Rovira and Virgili University and also their teachers’ efficacy beliefs for
teaching mathematics. Furthermore, in-service teachers’ efficacy beliefs for
teaching mathematics is also studied. The idea is to study which contents
and procedures are more difficult for student teachers. In addition, the pre-
service and in-service teachers” mathematics teaching self-efficacy is studied.
Specifically, the pre-service teachers’ self-efficacy for teaching mathematics
and its evolution throughout the Bachelor Degree in Primary Education at
a University Rovira i Virgili is analysed. Furthermore, this Thesis compares
the mathematics teaching self-efficacy and outcome expectancy of pre-service
and in-service Primary Education teachers. Besides, this Thesis studies the re-
lation between mathematics teaching efficacy beliefs of pre-service teachers,
their attitude towards mathematics and their mathematics academic achieve-
ment. Additionally, this Thesis studies the influence of the factors teaching

experience, level of education and level of teaching on mathematics teaching
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efficacy beliefs. Finally, this Thesis compared the mathematics teaching self-
efficacy of students in the fourth year of the General Basic Education (Azuy
University) and Primary Education Degree (Rovira and Virgili University.
The main contributions and conclusions of this Thesis are summarized in the
following sections. Furthermore, future lines of research are also detailed.

9.2 Knowledge of Numbers and Geometry

The objective of the chapter 3 was to study the initial knowledge of the
first year students of the Primary Education Degree and, above all, to detect
possible deficiencies and difficulties that they presented in the field of math-
ematics. Errors and difficulties presented by the students were analysed in
detail.

The results of the chapter 3 indicated that the questions with the highest
percentage of unanswered questions, those with a mean of less than 5 and
those with a high percentage of error are in the cognitive application and rea-
soning domains. Students better understand the questions corresponding to
the cognitive domain of knowledge. In addition, a group of errors is identi-
fied that are due to working exclusively on numbers digit by digit and not
considering them globally. In most cases, the errors demonstrate a lack of
knowledge of basic properties of the decimal system. In others, it is evident
that some algorithms, like the one of the division algorithm, are forgotten by
lack of their use. Multiplication tables are also forgotten.

Another important result highlighted by this chapter is a lack of under-
standing in some specific areas, in the domain of number content: reading
and interpreting data from bar charts and identifying the pattern that the
chart follows; and in the areas of ratio, proportion and percentage. In geom-
etry, the topic of geometric measurement, the weakness students have is in

the application of formulas of area, surface, and volume.
In summary, first-year students in the primary grade who have not stud-
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ied mathematics in the last two years score lower than those who have stud-
ied in the last two years. Also, it is important to note that in the analysis of
the cognitive domain, knowing, applying and reasoning. Students to teach-
ers performed better in the cognitive facet of knowledge and find it difficult
to answer the questions of the cognitive aspects of applying and reasoning.

Finally, some of the results obtained are a warning indicator that shows
the need to improve the reasoning and understanding of the decimal num-
bering system during the primary education stage. This work could be used
to propose teacher training courses that insist on the importance of working
on reasoning and reinforcing the understanding of the decimal numbering
system during the Primary Education stage.

The content taught in the teaching-learning subjects of Primary Education
Mathematics should be reinforced, taking into consideration the deficiencies
that students present in geometry subjects. However, this study provides
results that indicate that we should strengthen the cognitive domain of rea-

soning.

Future work

In future research, the test will be reapplied when students are in a higher
grade, to verify whether their knowledge of mathematical content has had
any variation once they have been trained in mathematics. In another future
investigation, the similar test should be applied to students in all primary
school grade courses, in order to verify whether the difficulties and errors
that students make decrease and whether their mathematical knowledge im-
proves over the course of the courses.
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9.3 Pre-service teachers’ belief about the efficacy of their
mathematics teaching

Chapter 4 aimed at analysing the pre-service teachers’ mathematics teach-
ing self-efficacy and its evolution throughout the Bachelor Degree in Primary
Education. To carry out the study, the pre-teachers of each year of the Bache-
lor Degree in Primary Education were invited to answer the MTEBI at the end
of the 2016-2017 academic course. The MTEBI is comprised of two subscales,
namely, Personal Mathematics Teaching Efficacy (PMTE) and Mathematics
Teaching Outcome Expectancy (MTOE).

The obtained results evidence the clear influence of the Bachelor Degree
Curriculum in the pre-service teachers” personal mathematics teaching effi-
cacy (PMTE). Specifically, the difference between the mean PMTE value in the
1st and the 4th years was statistically significant. In the case of the MTOE, the
obtained values did not differ significantly among the different years of the
Bachelor.

Chapter 4 provide interesting insights for teacher educators. Results ob-
tained from the particular context and the Bachelor Degree studied in this
chapter can be adapted and extended to other contexts and other Bache-
lor Degrees in Primary Education. The teaching and learning mathemat-
ics (TLM) courses included in the current Degree can provide ideas to re-
design TLM courses in other Universities in order to reinforce the primary
pre-service teachers’ belief about the efficacy of their mathematics teaching.

Taking into account the PMTE values obtained at the end of the 2nd year
of the Bachelor Degree, a clear implication of this chapter would be to re-
design the TLM1 course by providing experiences to the students that allow
them to improve their self-efficacy. One idea could be to include some math-
ematical didactic content and to apply it to school in a short-term teaching
practice period.

Regarding the obtained MTOE values, it is difficult to improve them,
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when the Bachelor Degree program promotes a student-centered learning
approach. However, one possibility to try to change it could be to redesign
the 4th-year of the Bachelor. Particularly, pre-service teachers could take the
courses that conform the 4th year of the Bachelor (including TLM3) during
the first semester and assist to the student teaching period during the second
semester. Hence, they could use the workshops presented in TLM3 to teach
Geometry at school. This kind of real intervention at school might support
the pre-service teachers to improve their outcome expectancy beliefs.

Future work

Future lines of research include, first of all, to collect data considering the
same students along the Bachelor Primary Degree in order to study their evo-
lution along the different academic courses. Further, it would be desirable to
analyse the relation between mathematics pre-service teachers” background
and mathematics self-efficacy. Finally, we would also like to analyse the rela-
tion among the pre-service teachers’ self- efficacy and their achievements in
the TLM courses of the Primary Education Bachelor Degree.

9.4 Comparing mathematics teaching eelf-efficacy and
outcome expectancy of pre-service and in-service teach-

€rs

Chapter 5 compares the mathematics teaching self-efficacy and outcome
expectancy of three groups of participants: pre-service teachers, novice teach-
ers and experienced teachers. For this purpose, the Mathematics Teaching
Efficacy Belief Instrument (MTEBI), which measures the mathematics teach-
ing self-efficacy (PMTE), and the mathematics teaching outcome expectancy
(MTOE) was used.

In the PMTE subscale, the obtained PMTE values of novice teachers are
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significantly higher than those of pre-service teachers and experienced teach-
ers have significantly higher PMTE values than novice teachers. Further-
more, this study shows that 6 of the 13 items present significant mean val-
ues when comparing pre-service teachers and novice teachers. In the case of
novice and experienced teachers, that occurs with only 2 items of the PMTE
subscale. The average means of the other 5 items do not present significant
differences between consecutive groups of participants. Therefore, the dif-
ference is more significant between pre-service and novice teachers than be-
tween the two groups of in-service teachers.

In the case of MTOE subscale, results manifest that experienced teachers
give values significantly higher than those of novice teachers and pre-service
teachers give significantly higher values than novice teachers. These later re-
sults are attributed to the optimistic scores that pre-service teachers give to
the items of the MTOE subscale, which in many cases may be due to lack
of experience in a real school classroom. Additionally, results evidence that
the average scores of 7 items of the MTOE subscale do not present signifi-
cant differences between consecutive groups. Only 1 item is given significant
different scores between consecutive groups of participants.

As a conclusion, chapter 5 shows that the teaching experience strengthen
the mathematics teaching efficacy beliefs. Specifically, obtained values in the
PMTE subscale are smallest in the case of pre-service teachers and highest in
the case of experienced teachers. In the case of MTOE, the novice teachers
present the smallest values, while the other groups present similar MTOE
beliefs. It can be concluded that in the case of in-service teachers, the MTOE
beliefs are enforced with mathematics teaching experience.

The findings of this study could be useful for pre-service and in-service
teacher educators. Concretely, obtained results suggest that specific forma-
tion about managing a school classroom would help to reduce the negative
MTOE beliefs teachers will possibly have during their first in-service teach-
ing year. In addition, longer teaching study periods would help pre-teachers
to know better the reality of a classroom. These two ideas could give a more

realistic perception of being a teacher in school. In the case of novice teach-
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ers, the figure of apprentice, as mentioned above, could improve their MTOE
beliefs.

Future work

A future line of research would be to put in practice the idea proposed
in this work in order to foster the MTOE of novice teachers. Specifically, a
pilot project consisting of guiding novice teachers in their first year of school
teaching could be started. Their MTOE could be measured at the beginning
and at the end of the academic school year. Furthermore, the relation between
the PMTE and the mathematics academic achievements could be analyzed.

9.5 Mathematics teaching efficacy belief and attitude to-
ward mathematics: two key factors for pre-service

teachers’ mathematics academic achievement

The purpose of the chapter 6 was to study the relationship between math-
ematics teachers’ efficacy beliefs and attitude towards mathematics of pri-
mary pre-service teachers and their academic achievement.

Two instruments were selected to study each of the factors: the MTEBI
aims at measuring the teachers’ efficacy beliefs, while the AMS aims at as-
sessing the attitude towards mathematics. It should be highlighted that each
instrument is composed by subscales (two and four, respectively). This chap-
ter studies in detail each of the six subscales, in order to determine the correla-
tion between each of them and academic achievement. Unlike the referenced
literature, two factors (beliefs and attitude) and their six subscales were stud-
ied together in this chapter.

Results reaffirm that the mathematics teaching efficacy beliefs and the at-
titude towards mathematics have a significant moderate correlation with aca-
demic achievement. Furthermore, the two factors are moderately correlated
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one to each other. Beside, the multiple linear regression evidences that math-
ematics teaching efficacy beliefs is more powerful than the attitude towards

mathematics to predict mathematics academic achievement.

Additionally, results show that the teaching self-efficacy (PMTE) subscale
has the highest correlation with academic achievement of pre-service teach-
ers, followed by the anxiety subscale. The multiple linear regression analysis
shows that the PMTE subscale is the most powerful variable to predict aca-
demic achievement, followed by pleasure.

This chapter can be very useful for institutions that design pre-teachers
training programs. They can realize that it is important to promote the math-
ematics teaching efficacy beliefs and the attitude towards the mathematics of
their students, since both factors contribute significantly to academic achieve-
ment. Furthermore, they can obtain valuable information by analyzing in de-
tail the results obtained in each studied subscales. That analysis would allow
to detect possible weakness of students. These weaknesses could be tackled
by adapting the curriculum of the Degree correspondingly.

Future work

A future line of research would be to collect data on beliefs and atti-
tudes towards mathematics considering all the students of the Primary Edu-
cation Degree and to study their evolution throughout the different academic
courses. The idea would be to analyze the beliefs and attitudes towards math-
ematics at the end of the mathematics teaching and learning courses conform-
ing the degree, to study the impact that the methodological strategies applied
in each of them have on these two factors.
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9.6 Studying mathematics teaching efficacy beliefs of
primary and secondary in-service teachers

This research was intended to study two factors that may influence the
teaching self-efficacy and outcome expectation of teaching mathematics in
primary education and secondary school teachers. Specifically, two factors
were studied: level of teaching and level of training.

An important result of the chapter 7 is that statistical analysis significant
differences have been found between the different groups studied. Specifi-
cally, it can be said that the two factors studied are influential variables in the
mathematics teaching self-efficacy (PMTE). In the case of the level of teaching
factor, secondary school teachers have better levels of teaching self-efficacy
than primary education teachers. Finally, at the level of training, teachers
with a master’s degree gain better self-efficacy than teachers who have a de-

gree level.

Additionally, the influence of the two factors (teaching experience, level
of teaching and level of training) on the outcome expectation (MTOE) of pri-
mary education and secondary school teachers was analyzed. Specifically,
after statistical analysis, significant differences have been found and it can be
said that in this study it was determined that the level of teaching factors in-
fluence the outcome expectation of primary education and secondary school
teachers. In the case of the level of teaching, primary education teachers ob-
tain a better outcome expectation than secondary school teachers.

These results can be useful for authorities and teachers in primary and
secondary education institutions to reflect on the impact of the factors anal-
ysed. In addition, this research work can provide ideas to reinforce the PMTE
and MTOE subscales of primary education and secondary school teachers.
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Future work

A future line of research would be to verify if a training in didactics im-
proves the outcome expectation (MTOE) of secondary school teachers. Fur-
thermore, would be to verify if a training in content mathematical improves
the teachers” mathematics teaching self-efficacy (PMTE) of Primary Educa-
tion teachers. In addition, other research would be to collect data on the
in-service teachers’ self-efficacy for teaching mathematics and the academic
achievement of their students. The idea would be to analyze the relationship
of the teaching experience factor and teachers’ self-efficacy with the academic
achievement of its students.

9.7 A comparison between pre-service teachers’ math-
ematics teaching self-efficacy at Rovira and Virgili
University and at Azuay University

The goal of this research work was to compare the teachers” mathematics
teaching self-efficacy of students in the fourth year of the General Basic Ed-
ucation and Primary Education degree. To meet the objective, the personal
mathematics teaching efficacy subscale (teachers’ self-efficacy) of the Mathe-
matics Teaching Efficacy Belief Instrument (MTEBI) was used.

The results obtained in chapter 8 show that the values obtained by the stu-
dents in the Elementary Education Degree (group 2) are significantly higher
than the students in Basic Education (group 1). In addition, this study shows
that 7 of the 13 items present significantly different mean values when com-
paring the two groups. Specifically, we think that this value is given by the
difference of the topics and the number of training hours of the Mathematics
and Didactics course and the Teaching and Learning of Mathematics course.
Additionally, we assume that the number of hours of teaching practice affects
self-efficacy.
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Future work

A future line of investigation, first, would be to modify the course of Di-
dactics of Mathematics (Azuay University) of the degree with the considera-
tions presented in chapter 8. Besides, it would be interesting to collect data
on the self-efficacy of mathematics teaching considering students of all the
Bachelor’s degrees to study their evolution with the change of curriculum.

9.8 Students follow-up proposal

Considering the results of the research presented in this Thesis, this sec-
tion presents a proposal for adapting the Teaching and Learning Mathematics
courses at the URV. The working plan is summarized in Table 9.1.

Table 9.1: Working plan

Ist 2nd 3rd 4th
S1 S2 S3 S4 S5 S6 S7 S8
TLM1 TLM2 ST1 ST2 TLM3
MTEBI
TIMSS 1 Course0 MTEBI MTEBI and
TIMSS 2

*1st-4th: each of the years of the Primary Education Bachelor Degree. S1-S8: semesters of the
Bachelor Degree. TLM1-TLM3: Teaching and Learning Mathematics courses. ST1-ST2:
student teaching practice periods.

Students who begin the Bachelor Degree must dominate the school math-
ematical contents. Therefore, the proposal of this Thesis is to apply a TIMSS
1-type test (denoted as TIMSS 1 in Table 9.1) to first grade students, in order to
verify the initial knowledge with which pre-service teachers arrive. The test
will have two dimensions, content and cognitive; the content dimension will
contain the subject of numbers and geometry. Besides, the cognitive dimen-
sion will contain knowledge, application and reasoning. Specifically, a test
similar to the one applied in this Thesis to first grade students (S1) should be
prepared.
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Considering the results of the application of the TIMSS 1 test, the proposal
is to design a virtual course in Moodle (course 0) that will have two dimen-
sions, content and cognitive; the content dimension will contain the subject
of numbers and geometry. Concretely, it will be applied for those students
who obtain less than 5 over 10 in the TIMSS 1 test, in the first academic year
(S3). This type of training will help pre-service teachers to strengthen their
school math skills, in addition, this training will help develop mathematics
teaching efficacy belief.

The proposal is that the errors and difficulties that students present in
TIMSS 1 test would have to be analyzed and tackled during Teaching and
Learning Mathematics course(TLM1, S4). The study of errors and difficulties
that students present can contribute positively to the teaching process.

Moreover, this Thesis aims at exploring the beliefs about teaching mathe-
matics. It is proposed to apply the MTBEI tests at the end of each year (TLM1,
TLM2 and ST1). The idea of applying the MTEBI test at the end of each year is
to verify the impact of the methodological strategies on the teachers’ efficacy
beliefs. Besides, these tests will allow to continuously adapt the methodolog-
ical strategies that are applied in the Teaching and Learning Mathematics

courses.

In addition, to verify that the pre-service teachers have acquired the basic
knowledge to be able to teach in Primary Education, it is recommended to
create another TIMSS 2-type instrument with different items to the TIMSS 1
test. In the same way it is intended to evaluate the knowledge of numbers
and geometry at the end of the degree (S8). In particular, this test must have
a higher degree of difficulty than the test applied in S1.

The objective of applying these tests is to monitor the students and adapt
the activities and content in courses of the Primary Education Bachelor De-
gree.
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Appendix

Instrument TIMMS

1. Q1. Which of these shows how 36 can be expressed as a product of
prime factor?

(@) 6 x6

(b) 4x9

(c) 4x3x3
(d) 2x2x3x3

2. Q2. Which fraction is equivalent to 0.125?

125
(a) 100
125

1000
125

10000
125

100000

(b)
(©
(d)

3. Q3. Which shows a correct method for findings % — 411?

1-1
4-3

®) ;5

(a)
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3—4
3 x4
4-3
3x4

(©

(d)

4. Q4. What number K represents on this number line?

5. Q5. Which number is equal to g?

(a) 0.8
(b) 0.6
(c) 0.53
(d) 0.35

4,

6- Q6 750 * 1000
(a) 0.043

)

(b) 0.1043
(c) 0.403
(d) 043

7. Q7. The fractions % and ;—1. What is the value of a?

(a) 0.043
(b) 0.1043
(c) 0.403
(d) 0.43
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1
8. Q8. A workman cut off 5 of a pipe. The piece he cut off was 3 meters
long. How many meters long was the original pipe?

(a) 8

(b) 12m

(c) 15m
)

(d) 18 m

9. Q9. 42.65+5.748 =

Answer:

3
10. Q10. Ann and Jenny divide 560 euros between them. If Jenny gets 3 of

money, how many euros will Ann get?

Answer:

11. Q11. Carla is packing eggs into boxes. Each box holds 6 eggs. She has
94 eggs. What is the smallest number of boxes she needs to pack all the

eggs?

Answer:

12. Q12. The graph shows the sales of two types of soft drink over 4 years.
If the sales trends continue for the next 10 years, determine the year in
which the sales of Cherry Cola will be the same as the sales of Lemon
Cola.

Venta de bebidas gaseosas
[ Guinda Cola
B Limon Cola

woa
o o

Numero de latas
(millones)
- N oW B
o o © © ©

(a) 2003
(b) 2004



UNIVERSITAT ROVIRA | VIRGILI
PRE-SERVICE TEACHERS' MATHEMATICS TEACHING BELIEFS AND MATHEMATICAL CONTENT KNOWLEDGE
Jaime Rodrigo Segarra Escandon

(c) 2005
(d) 2006

13. Q13. The length of side of each of the small square represents 1 cm.
Draw an isosceles triangle with base of 4 cm and a height of 5 cm.

14. Q14. The figure down shows a shape made up cubes that are all the
same size. There is a hole all way through the shape. How many cubes
would be needed to fill the hole?

(@) 6
(b) 12
(c) 15
(d) 18

T

15. Q15. The volume of the rectangular box is 200 cm®. What is the value
of x?

5cm

4cm

xcm

Answer:

16. Q16. A piece of paper in the shape of a rectangle is folded in half as
shown in the figure down. It is then cut along the dotted line, and the
small piece that is cut is opened. What is the shape of the cutout figure?
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(a) an isosceles triangle

(b) two isosceles triangles
(c) aright triangle
)

(d) an equilateral triangle

17. Q17. The perimeter of a square is 36 cm. What is the area of this square?

(@) 81 cm?
(b) 36 cm?
(c)

(d)

24 cm?

18 cm?

2

18. Q18. The area of a square is 144 cm”. What is the perimeter of the

square?
(@) 12cm
(b) 48 cm
(c) 288 cm
(d) 576 cm

19. Q19. In the figure down, what is the area of the shaded region in cm??

16cm
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20. Q20. Ryan is packing books into a rectangular box. All the box are the

same size.

Libro

What is the largest number of number of books that will fit inside the
box?.

Answer:
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Table B.1: MTEBI (Mathematics Teaching Efficacy Belief Instrument) for pre-
service teachers

Question

Q1
Q2
Q3

Q4

Q5
Q6

Q7
Q8
Qo

Q10
Q11
Q12
Q13
Q14

Q15

Ql6
Q17

Q18

Q19

Q20
Q21

When a student does better than usual in mathematics, it is often because the
teacher exerted a little extra effort.

I will continually find better ways to teach mathematics.

Even if I try very hard, I will not teach mathematics as well as I will most
subjects.

When the mathematics grades of students improve, it is often due to their
teacher having found a more effective teaching approach.

I know how to teach mathematics concepts effectively.

I will not be very effective in monitoring mathematics activities.

If students are underachieving in mathematics, it is most likely due to inef-
fective mathematics teaching.

I will generally teach mathematics ineffectively.

The inadequacy of a student’s mathematics background can be overcome by
good teaching.

When a low-achieving child progresses in mathematics, it is usually due to
extra attention given by the teacher.

I understand mathematics concepts well enough to be effective in teaching
elementary mathematics.

The teacher is generally responsible for the achievement of students in math-
ematics.

Students” achievement in mathematics is directly related to their teacher’s
effectiveness in mathematics teaching.

If parents comment that their child is showing more interest in mathematics
at school, it is probably due to the performance of the child’s teacher.

I will find it difficult to use manipulatives to explain to students why mathe-
matics works.

I will typically be able to answer students” questions.

I wonder if I will have the necessary skills to teach mathematics.

Given a choice, I will not invite the principal to evaluate my mathematics
teaching.

When a student has difficulty understanding a mathematics concept, I will
usually be at a loss as to how to help the student understand it better.

When teaching mathematics, I will usually welcome student questions.

I do not know what to do to turn students on to mathematics.
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Instrument AMS

175



UNIVERSITAT ROVIRA | VIRGILI

PRE-SERVICE TEACHERS' MATHEMATICS TEACHING BELIEFS AND MATHEMATICAL CONTENT KNOWLEDGE

Jaime Rodrigo Segarra Escandon

Table C.1: AMS (Attitude towards mathematics scale (subscales and items)

Subscales Question
Pleasure Q4 Using mathematics is fun.
Q9 I enjoy talking to others about mathematics.
Q14  Mathematics is enjoyable and stimulating to me.
Q24 If T had the chance, I would enroll in more mathematics courses
than are required.
Anxiety Q2 I am pretty bad at mathematics.
Q3 Studying or working with mathematics does not scare me at all.
Q7 Mathematics is one of the subjects that I fear the most.
Q8 I am confident when I face with a mathematics problem.
Q12 When I face a mathematics problem, I feel unable to think clearly.
Q13  Iam calm when I face with a mathematics problem.
Q17  Working with math makes me feel nervous.
Q18  Idonot get upset when I have to work on mathematics problems.
Q22 Mathematics makes me feel uncomfortable and nervous.
MotivationQ5 Mathematics is too theoretical to be of any use to me.
Q10 Mathematics can be useful for those who decide to pursue a "sci-
ence" degree, but not for the rest of the students.

Q25 The topics taught in math classes is very uninteresting..
Usefulness Q1 iecsonsider mathematics to be a very necessary subject in my stud-
Q6 I want to get a deeper understanding of mathematics.

Q15  Thope to have little use of mathematics in my professional life.

Q16 I consider that there are other subjects more important than math-
ematics for my future profession.

Q19 I would like to have an occupation in which I had to use mathe-
matics.

Q21 For my professional future, mathematics is one of the most im-
portant subjects I have to study.

ConfidenceQ11 Having good mathematics skills will increase my job prospects.

Q20 It gives me great satisfaction to be able to solve mathematics
problems.

Q23 If I set my mind to it, I think I would master the mathematics

well.
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Appendix m

Distribution of subject of Learning Mathemat-
ics courses (TLM1, TLM2 and TLM3) at the Pri-

mary Education Bachelor Degree
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Table D.1: TLM1

Subject

subtopic

Introduction to
mathematical education

and numerical language.

Learning the addition
and subtraction
calculation.

Learning the calculation
of multiplication

Rational numbers in
Primary Education

Elemental geometry

School mathematics. Curriculum. Mathematical
competence.

Numbers and numbering.

Natural numbers and discrete quantity. Numbering
systems. Numerical patterns. The numbers of the
measure.

The beginnings of numbering and calculation with
Primary Education students.

Didactic resources for learning. Representations
and strategies.

Mental calculation and calculation algorithms.
Notions of product and division.

Calculation strategies.

Representations and resources for learning.

The measurement of calculation skills.

Notions of fraction and rational number.

Ability to calculate with fractions.

Representations and resources.

Use of fraction in probability contexts.

The classification of polygons. The circle. Geomet-
ric puzzles.

Geometric representations.

Geometric constructions with GeoGebra.
Calculation of perimeters and surfaces. Practical
problems.
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Table D.2: TLM2

Subject

subtopic

The current curriculum.
Content blocks and
processes. Mathematical
skills to be developed.

Positional numbering
and addition and
subtraction operations

Product and division
operations in Primary
Education.

The numbers of the
measure: Fractions and

decimal number

The didactics of the
Statistics

The curriculum. Concepts and nomenclature to use.
The sequencing of learning.

The initial training work in this subject: Mathe-
matical competence and didactic competence of the
teachers. Concepts and basic notions of the didac-
tics of the numerical language in the stage. Intro-
duction to the design of classroom activities.
Numerical meaning and understanding of posi-
tional numbering.

The acquisition of additive structures: Sense of op-
erations. Mental calculation skills. Number-to-
number calculations.

Senses of operations. Mental calculation and writ-
ten calculation. Algorithms. Multiple and divisor
relations.

Problem solving in Primary Education. Application
problems and strategy problems.

The measurement of linear magnitudes.

Uses of fractions: the part / all relationship; the par-
titions of the units of measure, points on the line.
Concept and use of decimal numbers. Operations
with decimals. The division with decimal quotient.
The quotient as a mixed number.

Proportional reasoning Notion and calculation of
percentage.

Double entry tables and Venn diagrams. Frequency
graphs. Bar chart. Pie chart.

Other graphics. Idea of statistical distribution.
Reading values.

Arithmetic median. Mode. Sure, possible, impossi-
ble success. Probability measurement.
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Table D.3: TLM3

Subject

subtopic

Curriculum and
standards of
measurement and

geometry.

The didactics of the
measurement of
magnitudes throughout
Primary Education.

Analysis of the
characteristics and
properties of geometric
figures.

Location and description
of spatial relationships.

Identification and
application of geometric
transformations.

Use of visualization and
geometric models to
solve problems.

The measurement section and the space section in
the official primary education school curriculum.
Documentation and collection of resources.

Measurable attributes.

Idea of magnitude. Units, systems and processes of
measurement.

International system of measurement and relation-
ship with the value of position. Measuring instru-
ments and estimates. Problems.

Elements and properties of polygons. Elementary
classifications.

The circle and the circumference. Round bodies and
polyhedra. Composition and decomposition of fig-
ures. Problems.

Position and orientation in space. Grid paths.
Coordinate reading. Plans, maps and scales. Prob-
lems.

Movements in the plane (symmetries, turns, trans-
lations).

Angles. Polyhedral truncations. Flat developments
of polyhedra, cylinders and cones. Problems.
Notions of perimeter and area.

Geometric representation of the product and surface
of the square and rectangle.

Construction of parallelepipeds with polycubes and
introduction to the notion of volume. Problems.
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