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Abstract

In Croatia, as in many other countries, primary education teachers are trained
as generalists and mathematics is only one of several different subjects that they
teach, so when choosing their profession they are not necessarily drawn by their
interest in becoming a mathematics teacher. Still, it is very important that they
have a positive attitude towards mathematics and are motivated to teach it to their
students. The aim of this study was to explore whether pre-service teachers with
different achievement goal profiles have different beliefs about mathematics and
teaching and learning mathematics. The participants were 325 pre-service primary
education students. The research was conducted in three waves, during the students’
first, third and fifth year of study. In their first year of studies, we collected data
on the achievement goals in mathematics that they had in high school, and self-
efficacy in mathematics. Epistemic beliefs, subjective value of mathematics and
mathematics anxiety were assessed at all measurement points. In their third and
fifth year of study, we also collected data on the participants’ mathematics teaching
efficacy beliefs and, in their fifth year, beliefs on teaching and learning mathematics.
The results of the cluster analysis showed that we could group pre-service primary
education teachers into three groups according to the profiles of their achievement
goals in high school: (1) all goals high, (2) all goals low, (3) mastery orientation. The
results showed differences between the groups in terms of motivation for learning
mathematics at the beginning of their studies. However, these differences tend to
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be less prominent over time. At the end of their studies, they do not differ in their
mathematics teaching efficacy beliefs or their beliefs about teaching and learning
mathematics.

Key words: achievement goals; mathematics education; motivation; teacher
education; teachers’ beliefs.

Introduction

In Croatia, as in many other countries, primary education teachers are trained as
generalists and mathematics is only one of several different subjects that they teach.
This means that when choosing their future profession, they are not necessarily drawn
by their interest in becoming a mathematics teacher. However, it is very important that
they have good mathematics teaching skills, have a positive attitude towards mathematics
and are motivated to teach it to their students (Cross Francis et al., 2015). According
to Kagan (1992), the teachers’ pedagogical approach process depends on three factors:
the particular class of students a teacher faces, curricular content, and teachers’ beliefs
related to their previous experiences. On the basis of the research review, Levin (2015)
points out that teachers’ beliefs and teacher knowledge are closely related, especially
the practical knowledge that guides their behaviours.

When pre-service teachers begin their studies at university, they come with beliefs
deeply rooted in their former primary and secondary education experiences (Pajares,
1992), and those beliefs serve as a filter for interpreting new knowledge and new
experiences (Levin, 2015). As Levin and He (2008) found out in their study of teacher
candidates’ belief systems, there are three main sources of the pedagogical beliefs of pre-
service teachers: their family background and personal experiences as K-12 students
(35%); their teacher education coursework including exposure to various readings,
theories, and professors’ ideas (31%); and their experiences of observing and practicing
in classrooms during their teacher education programs (35%). Therefore, everyone
involved in teacher education should know what beliefs pre-service teachers bring to
their professional education process and how those conceptions can be addressed and
developed to help teachers acquire the knowledge and skills necessary for effective
teaching.

The most appropriate research design to address a research question on the
development of pre-service teachers’ beliefs would be longitudinal design. However,
at this point, there are only a small number of longitudinal studies on pre-service
teachers’ beliefs, with a few notable exceptions (e.g. Buldur, 2017; Domovi¢ & Vizek
Vidovi¢, 2019; Lofstrom & Poom-Valickis, 2013), of which only two (Blomeke et al.,
2014; Swars et al., 2009) are related to teaching mathematics. The results of these
studies are somewhat inconclusive but mainly show that during their studies pre-
service teachers develop adaptive teachers’ beliefs. However, none of these studies
attempts to classify pre-service teachers into groups who start their education with
more or less adaptive beliefs on learning and then follows the development of these
teachers’ beliefs until the end of their studies.
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Recently, there has been a rise in the interest in researching the motivational profiles
of different groups of students in the light of the achievement goal framework (Hornstra
etal.,2017; Pastor et al., 2007; Rogat & Linnenbrink-Garcia, 2019; Schwinger & Wild,
2012; Shim & Finch, 2014; Tuominen-Soini et al., 2008,2011, 2012). The achievement
goal approach (Elliot, 2005; Elliot & Hulleman, 2017) is the theoretical framework
explaining how students interpret and experience achievement situations and direct
their achievement-related behaviours. According to the 2 x 2 achievement goal model
(Elliot & McGregor, 2001), achievement goals are composed of distinct combinations
of two fundamental dimensions: definition of standards (mastery vs. performance)
and valence (approach vs. avoidance). Standards that serve as the referent point in
performance evaluation can be absolute or intrapersonal and lead to the pursuit of
mastery goals or can be normative and lead to the pursuit of performance goals.
Individuals with mastery goals are focused on the development of competence through
task mastery, while individuals with performance goals are focused on demonstration
of competence relative to others. Furthermore, competence can have approaching
valence when individuals are directed toward positive or desirable events and have
positive expectations (e.g. success), or avoiding valence when individuals try to avoid
negative or undesirable events and are preoccupied by negative expectations (e.g. failure).

Therefore, we can differentiate four different types of achievement goals. Mastery-
approach goals have a focus on task mastery, learning and understanding (e.g. “T want
to learn as much as possible in mathematics.”); mastery-avoidance goals are concerned
with avoiding misunderstanding and not learning what is required or possible (e.g. “T
worry that I won't learn everything that I could in mathematics.”). Performance-approach
goals represent wanting to demonstrate superior performance, doing better than
others, being the smartest or the best at a task (e.g. “My goal is to have better grades in
mathematics than the other students.”), while performance-avoidance refers to wanting
to avoid an inferior performance or displaying a lack of competence in comparison to
others (e.g. “My goal is to avoid performing worse than other students in mathematics.”).

Over the past few decades, many research studies, correlational and experimental,
have explored the outcomes of the pursuit of different achievement goals (see Elliot
& Hulleman, 2017; Huang, 2012; Kaplan & Maehr, 2007; Utman, 1997). The research
shows that mastery-approach goals are consistently related to adaptive motivational
beliefs (intrinsic motivation, interest, subjective value, self-efficacy), adaptive learning
strategies (deep approach to learning, self-regulated learning activities) and positive
emotions. Mastery-avoidance goals are motivated by avoidance tendencies and therefore
positively correlated with negative emotions such as test anxiety, and negatively
correlated to academic achievement. Performance-approach goals are consistently
related to academic achievement and grit, but also to some less desirable outcomes
like surface approaches to learning. Performance-avoidance goals have a particularly
detrimental effect on motivation as well as on achievement. They are related to negative
emotions (e.g. shame) and a surface approach to learning.
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Studies based on variable-centred analyses are not informative in terms of which
combination of achievement goals are adaptive or maladaptive. Therefore, in order to
answer these kinds of research questions, researchers use a person-centred approach
(e.g. cluster analysis) (Hulleman & Senko, 2010). This methodological approach has
resulted in the identification of different achievement goals profiles that are relatively
stable (Tuominen-Soini, Salmela-Aro & Niemivirta, 2011) and related to distinctive
patterns of outcomes. For example, students that are mastery oriented (with dominant
mastery goals) and success oriented (with both high mastery and high performance
goals) value school and are equally engaged in learning, but with a higher emotional
cost for the group of success-oriented students (Tuominen-Soini, Salmela-Aro &
Niemivirta, 2008, 2012). In addition, success-oriented students, as well as indifferent
students (with all goals low), have high fear of failure (Tuominen-Soini et al., 2011).

Therefore, we expect that pre-service teachers’ achievement goal profiles based on their
approaches to learning mathematics in high school will act as a filter in forming and
developing their beliefs about teaching and learning mathematics during their teacher
education. So, the aim of this study was to explore whether pre-service teachers with
different achievement goal profiles have different beliefs about mathematics (beliefs
about knowledge and knowing, i.e. epistemic beliefs in mathematics, self-efficacy in
mathematics, subjective value of mathematics and mathematics anxiety), and different
beliefs about teaching mathematics (mathematics teaching self-efficacy and beliefs
about different approaches to teaching, such as student-centred vs. teacher-centred).
These beliefs are very important because if teachers want to encourage students’
mathematical thinking, they should hold beliefs that support the development of
problem-centred, learner-oriented classroom environments (Cross, 2009). Also, the
relationship between teachers’ beliefs about mathematics and their teaching practices
is documented by numerous researchers (Cross et al., 2015).

More precisely, we sought to answer the following questions:

1. Is there an “at-risk group” of future primary education teachers that begins their
studies with low motivation for learning mathematics?
Hypothesis 1: The pre-service teachers can be categorized into groups with
different achievement goal profiles (“mastery oriented”, “all goals high” and “all
goals low”).

Hypothesis 2: The group with all goals low will have the lowest subjective value
and self-efficacy for learning mathematics and the least sophisticated epistemic
beliefs (i.e. will hold beliefs that knowledge is fixed, not needing evidence to be
justified, and that knowledge is simple rather than complex) in the first year of
their studies, in comparison to the other groups of pre-service teachers.

Hypothesis 3: The group with all goals high will have the highest mathematics
anxiety in the first year of their studies in comparison to the other groups of pre-
service teachers.
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2. Will the groups of future primary education teachers with different achievement
goal profiles have different attitudes towards learning and teaching mathematics
during and at the end of their studies?

Hypothesis 4: The differences between groups with different achievement goal
profiles in their epistemic beliefs, subjective value and mathematics anxiety will
be stable during their studies.

Hypothesis 5: The group with all goals low will have the lowest self-efficacy for
teaching mathematics and beliefs about teaching mathematics in comparison
with the other two groups.

Method

Participants

The research involved two cohorts of pre-service teachers, i.e. primary teacher
education students of the Faculty of Teacher Education, University of Zagreb, who
began their studies in the academic years 2013/2014 and 2014/2015. This study
involves a five-year integrated teacher education university graduate programme,
which provides the competencies for teaching six different subjects in primary grades
(grades 1 - 4): Croatian Language, Mathematics, Science, Music Art, Visual Art, and
Physical Education. The study programme includes basic subjects (e.g. Mathematics)
and pedagogical and psychological education in the first years of the study, while
teaching specific subjects (e.g. Mathematics Education) and school practice come in
later years of the study. The data collection was conducted in three waves, during the
students’ first, third and fifth year of study. In their first year of study, students take
two courses on the basics of mathematics, and in their fourth and fifth years of study,
they take four courses on teaching mathematics. At the first measurement point, 325
students in their first year of study participated (183 students during the academic
year 2013/2014 and 142 students during 2014/2015); at the second measurement point,
there were 192 students (99 students during 2015/2016 and 93 during 2016/2017), and
at the third measurement point, 212 students took part (122 during 2017/2018 and
90 during 2018/2019). The study participants were predominantly female (95% at the
first measurement point, 95.4% at the second and 96.2% at the third). The average age
of the students at the beginning of the study was 19.5 years.

Procedure

Data collection was carried out in groups, immediately before or after classes, with
the instruction that it is being carried out for the purpose of scientific research, that
it is anonymous and that participation in the research is voluntary. All participants
signed a consent form to participate in the study. At the first measurement point, a
questionnaire was applied which consisted of five scales: Achievement Goals, Epistemic
Beliefs, Self-Efficacy, Subjective Value of Learning Mathematics and Mathematics
Anxiety. At the second and third measurement point, three scales - Epistemic Beliefs,
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Subjective Value of Learning Mathematics and Mathematics Anxiety - were applied
again, and the scale of Mathematics Teaching Efficacy Beliefs was added. At the third
measurement point, the scale of Teachers’ Beliefs about the Teaching and Learning
Mathematics was also applied.

The questionnaires took about 20 minutes to complete. In the questionnaires,
participants were required to indicate to what extent they agreed with each statement;
the degree of agreement ranged from 1 (strongly disagree) to 5 (strongly agree), except
for the Self-Efficacy Scale where the agreement ranged from 1 (strongly disagree) to
7 (strongly agree). Results on individual scales were formed as arithmetic means of
responses on the corresponding items. Basic demographic data on the participants
was also collected in the questionnaire.

Instruments

The Achievement Goals Scale (Rovan, 2011) includes four subscales measuring
different achievement goals operationalized in line with the 2x2 model of achievement
goals (Elliot & McGregor, 2001): Mastery-Approach Goal (three items, e.g. “I want to
learn as much as possible.”; a =.85), Mastery-Avoidance Goal (three items, e.g. “I am
worried that I won't learn all that I could.”; a = .76), Performance-Approach Goal (three
items, e.g. “I try to be successful compared to other students.”; o = .76) and Performance-
Avoidance Goal (three items, e.g. “T am worried that I will have worse results than other
students.”; o = .89). In the accompanying instructions, it was clearly indicated to give
ratings based on the achievement goals that they had during high school education.

Epistemic Beliefs Scale (Rovan, 2011) is intended to measure beliefs about the
nature of knowledge and knowing in the field of mathematics. The scale consists of
two subscales: Justified Knowledge (five items, e.g. “We can be sure that something we
learned is correct if we can apply it to a real-life situation.”) and Simple Knowledge (six
items, e.g. “If professors were more committed to practicing exercises and less concerned
with theory, students would benefit more from it.”). Beliefs about the need for evaluation
of knowledge are considered more sophisticated, while beliefs about the simplicity of
knowledge are considered less sophisticated. Coefficients of reliability obtained by the
method of internal consistency in this study were relatively low, but sufficient (Simple
Knowledge: o = 0.59 - 0.65; Justified Knowledge: a =0.71 - 0.74).

The Mathematics Self-Efficacy Scale (Rovan, 2011) measures student self-efficacy in
mathematics. The scale contains six items (e.g. “T am sure I can ... understand all parts
of mathematics content.”), and the reliability of the scale in this study was a = .93.

Subjective Value Scale. Items used in this scale were formed in accordance with the
expectancy-value theory (Wigfield & Eccles, 2000, 2002) and adapted for assessing the
subjective value of mathematics both while students are taking mathematics courses
and afterwards. We decided on including two items on interest in mathematics (e.g.
“I generally find solving tasks in mathematics to be very boring / very interesting.”), one item
related to the attainment value of mathematics (“How important is it to you personally
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to be successful in solving problems involving mathematics or mathematical reasoning?
Not at all important / Very important.”), and three items on utility of mathematics
(e.g. “How useful are things you learned in mathematics in everyday life?”). Participants
expressed their agreement with individual items on a scale of 1 to 5, with clearly
defined reference points (e.g. 1 = “Not at all important™; 5 = “Very important to me”).
Although the theory presumes the multifactor model with separate components of
value, it is not uncommon to use the total score as an indicator of global assessment of
a subjective value. Reliability of a resultant thus formed and expressed as the internal
consistency coefficient ranged from a = .75 to a = .82 in this study.

Mathematics Anxiety Scale. To assess mathematics anxiety, the scale developed by Hunt
et al. (2011) was adapted. It consists of three subscales related to different aspects of
mathematics anxiety. The first subscale (maths evaluation anxiety) refers to mathematics
anxiety in test situations (four items, e.g. “Writing an unannounced test in a maths
class.”), the second subscale (everyday/social life maths anxiety) considers anxiety when
applying mathematics in everyday situations (11 items, e.g. “Calculating how many days
there are to someone’s birthday”), and the third subscale (maths observation anxiety)
refers to anxiety when exposed to a mathematical content (five items, e.g. “Observing
someone solving a mathematical problem.”). For each item, participants assessed how
anxious they were in each situation. Ratings were given on a scale from 1 (“I am not
upset”) to 5 (“I am very upset”). Reliability of individual subscales expressed as the
internal consistency coefficient ranged from a = .81 to a = .89.

Self-Efficacy Scale for Teaching Mathematics. An adapted version of the Personal
Mathematics Teaching Efficacy subscale, a part of the MTEBI instrument (Mathematics
Teaching Efficacy Beliefs Instrument) (Enochs et al., 2000), was used to examine self-
efficacy in teaching mathematics. The scale consists of 13 items (e.g. “I will continually
find better ways to teach mathematics.”). The reliability of the scale expressed as the
internal consistency coefficient was a = .85 in this study.

The Teacher Beliefs in Teaching and Learning Mathematics Scale was developed for
the purpose of this research, based on the Confidence, Commitment, Collaboration,
and Student Thinking in Mathematics and Science (CCCSMS) beliefs scales (Hudson
et al., 2012). The scale consisted of 18 items, and by exploratory factor analysis we
determined a 3-factor structure. The subscales were: understanding students’ thinking
(e.g. “In general, I will know how to ask questions that will help me understand how students
think in mathematics.”); student-centred teaching (e.g. “Students learn mathematical
concepts better when using investigative activities.”); and, teacher-centred teaching (e.g. “It
is the student’s role to understand the teacher’s way of solving a problem.”). Each subscale
consisted of six items and had reliability coefficients a ranging between .62 and .74.

Results

In order to categorize pre-service teachers into groups with different achievement
goal profiles, a cluster analysis was performed. Since this research was aimed at
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clustering participants into groups in order to explore differences between groups
with different achievement goal profiles, we used the K-means clustering method that
requires the pre-specification of the number of clusters. For the clustering, we used
results of the achievement goals subscales: mastery-approach, mastery-avoidance,
performance-approach and performance-avoidance. In accordance with previous
research on achievement goal profiles (e.g. Hornstra et al., 2017; Rogat & Linnenbrink-
Garcia, 2019; Schwinger & Wild, 2012; Shim & Finch, 2014; Tuominen-Soini et al.,
2008,2011,2012), the presumed number of clusters was three to six. As a preliminary
step to explore our data and decide on number clusters for the K-means method, we
used Ward’s method for hierarchical cluster analysis. Accordingly, the three-cluster
solution was chosen as optimal.

For clustering, the average raw scores on the achievement goal subscales were
used. Through eight iterations, the following cluster centres were obtained: Cluster 1
(Cyp, =345,C,,, =3.31,C,, =320,C,, =3.45),Cluster2 (C,, =195,C,,, =189,
C,,, = 1.83,C,, = 1.60), Cluster 3 (C,,, =3.96,C,, =3.09,C,, =2.63,C,, =160).
The clusters were defined to maximize the differences between clusters. Cluster 1 was
labelled as “all goals high” students (N = 126) due to the high values obtained on all
subscales, while Cluster 2 was labelled as “all goals low” students (N = 92) due to the
low value on all subscales. Given the higher cluster centre obtained for the mastery-
approach goal, followed by moderate values for the mastery-avoidance and performance-
approach goals and a low value for the performance-avoidance goal, Cluster 3 was
labelled as “mastery oriented” students (N = 107).

Descriptive statistics for all analysed constructs is presented in Table 1. To answer
the first research problem, we performed a one-way ANOVA to analyse the differences
between groups with different achievement goals on epistemic beliefs, subjective value,
self-efficacy and mathematics anxiety. As can be seen in Table 2, there are significant
differences between different groups for all the tested constructs except one - epistemic
beliefs about simple knowledge. Post-hoc analyses show that the “all goals low” group
has the least adaptive approach to learning mathematics — the lowest epistemic beliefs
about justified knowledge, the lowest subjective value of mathematics, the lowest self-
efficacy in mathematics and the highest mathematics anxiety. On the other hand, the
“all goals high” group has adaptive epistemic and motivational beliefs and relatively
high mathematics anxiety, but not higher than the “all goals low” group. Therefore, we
confirmed that the pre-service teachers can be categorized into groups with different
achievement goal profiles (Hypothesis 1). Also, as expected, the group with all goals
low had the lowest subjective value and self-efficacy for learning mathematics and
the least sophisticated epistemic beliefs in the first year of their studies in comparison
to the other groups of pre-service teachers (Hypothesis 2). The group with all goals
high had the highest mathematics anxiety only in comparison to the mastery oriented
group, so the Hypotheses 3 was partially confirmed.
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Table 1.
Descriptive statistics for groups with different achievement goals
Groups
all goals high all goals low mastery
(1) (2) oriented (3)

N M SO N M SO N M SD
First year
Epistemic beliefs on 126 390 059 92 359 081 107 389 058
justified knowledge
Epistemic beliefsonsimple . 501 051 92 301 052 107 288 057
knowledge
subjective value of 126 297 072 92 216 069 107 331 070
mathematics
Self-efficacy in 126 507 111 92 451 139 107 558 105
mathematics
Everyday/sociallife maths 0 191 075 92 185 076 107 153 053
anxiety
Maths observation anxiety 126 179 081 92 201 093 107 145 0.51
Maths evaluation anxiety 126 3.15 095 92 330 1.07 107 264 092
Third year
Epistemic beliefs on 83 407 058 46 388 055 62 399 062
justified knowledge
Epistemic beliefsonsimple o5 520 51 46 260 050 62 266 054
knowledge
subjective value of 83 299 068 46 263 076 62 352 067
mathematics
Everyday/sociallifemaths o3 1o 73 46 164 068 62 151 057
anxiety
Maths observation anxiety 83 161 078 46 169 0.72 62 1.38  0.59
Maths evaluation anxiety 83 292 1.04 46 3.08 0091 62 243 087
Mathematics teaching 83 389 051 46 38 056 62 402 054
efficacy beliefs
Fifth year
Epistemic beliefs on 89 418 057 53 418 059 70 428 046
justified knowledge
Epistemic beliefsonsimple oo 14 055 53 220 050 70 232 043
knowledge
Subjective value 89 358 060 53 337 079 70 388 061
Everyday/social lifemaths g0 165 066 53 171 071 70 163 061
anX|ety
Maths observation anxiety 88 1.52 0.66 53 153 074 70 132 057
Maths evaluation anxiety 88 277 112 53 2.86 1.01 70 240 096
Mathematics teaching 89 412 044 53 415 054 70 422 056
efficacy beliefs
Understanding students 88 399 045 52 407 060 70 402 054
thinking
Student-centred teaching 88 433 043 52 439 042 70 433 040
Teacher-centred teaching 88 224 061 52 215 051 70 223 0.56
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Table 2.

Results of a one-way ANOVA examining the differences between groups with different achievement goal profiles in the
first year of their studies

F df p n, 2 Bonferroni

Epistemic beliefs on justified 719 2,322 <01 0.04 152; 352

knowledge
Epistemic beliefs on simple
2.40 2,322 >.05 0.02 /

knowledge

Subjective value 6834 2,322 <001 030 1>23">32>1;
Self-efficacy 2033 2,322 <001 0.11 1>§;>32>1;
Everyday/social life maths anxiety ~ 9.49 2,322 <.001 0.06 1>3;2>3
Maths observation anxiety 16.12 2,322 <.001 0.09 1>32;>23>1;
Maths evaluation anxiety 13.00 2,322 <.001 0.08 1>3; 2>3

Note: 1="all goals high” group, 2 ="all goals low” group, 3 =“mastery oriented” group

To address the second research problem, we performed a repeated measures ANOVA
for all variables with two or three measuring points and a one-way ANOVA for the
variables measured only in the third wave (Table 3.). The first thing we can notice
is the significant effect of the year of study with effect sizes for all variables, ranging
from 0.02 for everyday/social life maths anxiety to the 0.23 for mathematics teaching
efficacy beliefs, and even 0.41 for subjective value or 0.42 for epistemic beliefs on
simple knowledge. So, we can conclude that during their studies all pre-service teachers
develop more adaptive beliefs compared with their initial beliefs. The achievement
goal profiles effect is not significant for all variables. Achievement goal profiles have a
significant effect on the subjective value (effect size is 0.26), maths observation anxiety
and maths evaluation anxiety (with effect sizes around .10), and epistemic beliefs on
simple knowledge (effect size is 0.06). These results clearly indicate that the “mastery
oriented” group holds the most adaptive beliefs, followed by the “all goals high” group.
The majority of these effects can only be fully understood if we take into account the
interactions of the achievement goal effect and the effect of teacher education. These
interactions were significant for the subjective value of mathematics, everyday/social
life maths anxiety and maths observation anxiety. For subjective value of mathematics,
there is more intensive growth in values for the “all goals low” and “all goals high”
groups than for the “mastery oriented” groups. Also, the differences between the
groups are greater in the first year than later. Regarding anxiety scales, “all goals low”
and “all goals high” have similar trajectories with a significant drop in values, while the
“mastery oriented” groups start with the lowest values and keep them until the fifth
year. So, the groups of students that started their studies with less favourable beliefs
improve them more by the end of their teacher education in comparison to the groups
of students with more favourable beliefs.
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Table 3.

Results of a repeated measures ANOVA examining the differences between groups with different achievement goal
profiles at their first, third and fifth year of studies

F df p npz Bonferroni
Epistemic beliefs on Year of study
justified knowledge (1%, 3 5 20.39 2,306 <.001 0.12
Achievement , ,1 5 153 >05 003
goals profiles
Year x Ach.goals 137 4,306 >.05 0.02
Epistemic beliefs on Year of study
simple knowledge (1% 30 5 11191 2,306 <001 042
Achievement ) oo 5 153 <05 006 153
goals profiles
Year x Ach.goals 232 4,306 >.05 0.03
Subjective value Y(elaf ‘;St;%y 103.93 2,306 <.001 0.41
Achievement 50 5 153 <001 026 5 FL
goals profiles 3>2
Year x Ach.goals 698 4,306 <.001 0.08
Everyday/social life Year of study
maths anxiety (1%, 31, 59) 3.54 2,304 <05 0.02
Achievement o) 5 155 <05 0.0
goals profiles
Year x Ach.goals 293 4,304 <.05 0.04
Maths observation Year of study
anxiety (1%, 31 5m) 1420 2,304 <.001 0.09
Achievement g1 5 155 <001 010 153;2>3
goals profiles
Year x Ach. goals 252 4,304 <.05 0.03
Maths evaluation Year of study
anxiety (1%, 31 5%) 19.78 2,304 <.001 0.12
Achievement g 30 5 155 <001 011 TEPL
goals profiles 3>2
Year x Ach.goals 171 4,304 >.05 0.02
Mathematics Year of study
teaching efficacy (3, 5t) 4485 1,153 <.001 0.23
beliefs
Achievement ) o5 5 153 505 0.02
goals profiles
Year x Ach. goals 0.65 2,153 >.05 0.01

Note: 1="all goals high” group, 2 ="all goals low" group, 3 =“mastery oriented” group
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Finally, we performed a one-way ANOVA examining the differences between groups
with different achievement goal profiles in the fifth year of their studies. The results
were insignificant for all subscales (Understanding students’ thinking - F (2,207) =
0.46, p > .05; Student-centred teaching - F (2,207) = 0.51, p > .05; Teacher-centred
teaching - F (2,207) = 0.42, p > .05). When we take into account the insignificant effect
of achievement goal profiles for mathematics teaching efficacy beliefs, we can conclude
that achievement goal profiles do not have an effect on teacher beliefs directly related
to the teaching. Therefore, Hypotheses 4 and 5 were not confirmed.

Discussion and conclusions

The results of this study provide valuable information on the beliefs that pre-service
teachers bring to their teacher education. They enter their studies with qualitatively
different orientations to learning mathematics that are reflected primarily in their
subjective view of the value of mathematics but also have an effect on their self-
efficacy, mathematics anxiety and epistemic beliefs on justified knowledge. Awareness
of these differences can help university teachers to provide adequate support to pre-
service teachers in developing their mathematical competencies and beliefs about
learning and teaching mathematics. Our results are in line with other research showing
that the mastery orientation group outperforms all other groups in motivation and
performance (Rogat & Linnenbrink-Garcia, 2019; Schwinger & Wild, 2012; Shim &
Finch, 2014; Tuominen-Soini et al., 2008, 2011, 2012).

The results of our study also demonstrate the value of subject-centred analyses and
the multiple goals perspective on achievement goals, since achievement goal profiles are
found to be very useful in explaining the differences in pre-service teachers’ approaches
to learning mathematics. Using this approach, we can easily identify “at risk” groups
of pre-service teachers with relatively low motivation for learning mathematics,
maladaptive epistemic beliefs and high maths anxiety that certainly require special
attention from their university mathematics teachers.

Our results on adaptive development of pre-service teachers’ beliefs during their
studies regardless of their achievement goals profile, as well as the results of some
previous research (Blomeke et al., 2014; Buldur, 2017; Swars et al., 2009), support
the conclusion about the importance of high-quality teacher education, especially
emphasizing the role of mathematics pedagogical content knowledge. They also prove
that teachers’ beliefs are malleable, and not fixed. Therefore, in teacher education we
should promote the growth mindset (Dweck & Molden, 2017) that students’ and pupils’
(mathematical) abilities are not fixed, but can be increased through learning. Also,
we could try to identify “at risk” groups of students at the beginning of their studies,
offer additional support to them and evaluate the possible effects of this intervention.

In conclusion, our research results are in line with the assumption that both previous
experiences of learning mathematics and experiences during the teacher education
programs are important in the process of forming beliefs about mathematics and teaching
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mathematics. However, more complex research is needed to reveal the possible interplay
of these factors in developing pre-service teachers’ approach to teaching mathematics.
Also, some limitations of our study should be noted. Firstly, the reliability coefficients
were somewhat low, especially for epistemic and teachers’ beliefs, so the results should
be taken with caution. Furthermore, because of the problems with insufficient data
common to longitudinal studies, sample size for some of the analyses was relatively
small. More studies with different groups of pre-service teachers will be needed to
confirm generalizability of our conclusions and to establish whether the quality of
teaching during the teacher education program has an impact on the development
of pre-service teachers’ beliefs and motivation. Furthermore, it would be especially
interesting to follow pre-service teachers longitudinally and explore possible changes
in their approach to learning and teaching mathematics during their in-service years.
Research focused on transition from pre-service to in-service teaching (e.g. Clark,
2020; Gresham, 2018) points to the importance of continuing the development of
teachers’ beliefs and approach to teaching.
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Ciljevi postignuéa u matematici
buducih osnovnoskolskih
ucitelja i njihov pristup ucenju i
poucavanju matematike

Sazetak

U Hrvatskoj, kao i u mnogim drugim zemljama, osnovnoskolski ucitelji korisnici
su generaliziranoga obrazovanja i Matematika je samo jedan od nekoliko
razlic¢itih predmeta koje poucavaju, tako da ih pri odabiru profesije nuzno ne
privlaci interes da budu ucitelji matematike. Ipak, njihov pozitivan stav prema
matematici i motivacija za poucavanje ucenika matematici vrlo su vazni. Cilj je
ovoga istrazivanja ispitati imaju li ucitelji s razli¢itim profilima ciljeva postignuéa
razlicita uvjerenja o matematici i poucavanju i ucenju matematike. U istrazZivanju
je sudjelovalo 325 studenata, buducih ucitelja primarnoga obrazovanja. IstraZivanje
je provedeno u tri ciklusa: tijekom prve, trece i pete godine studija ispitanika. Na
prvoj godini studija prikupljali smo podatke o ciljevima postignuca u matematici
koje su sudionici imali u srednjoj skoli i o samoucinkovitosti u matematici.
Epistemoloska uvjerenja, subjektivnu vrijednost matematike i tjeskobu procjenjivali
smo u svim ciklusima mjerenja. Na trecoj i petoj godini studija sudionika takoder
smo prikupljali podatke o njihovim uvjerenjima o uéinkovitosti u poucavanju
matematike i, na petoj godini, uvjerenja o poucavanju i ucenju matematike.
Rezultati klaster analize pokazali su da se buduci ucitelji, studenti primarnoga
obrazovanja, mogu grupirati u tri skupine prema profilima ciljeva postignuca
u srednjoj $koli: (1) svi visoki ciljevi, (2) svi niski ciljevi i (3) orijentacija prema
vjestini. Dobiveni rezultati pokazali su razlike izmedu skupina s obzirom na
motivaciju za ucenje matematike na pocetku studija. Ipak, te su razlike manje
uocljive tijekom vremena. Na kraju studija sudionici se ne razlikuju u svojim
uvjerenjima o ucinkovitosti u poucavanju matematike niti u svojim uvjerenjima
o ulenju matematike.

Kljuéne rijeci: ciljevi postignuca; matematicko obrazovanje; motivacija; obrazovanje
ucitelja; uvjerenja ucitelja.
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