2 LUMAT 3O i

( INTERNATIONAL JOURNAL ON MATH, Research article

ScIENCE AND TECHNOLOGY EDUCATION
p—

Exploring the relationship between teachers’

beliefs on the nature and learning of mathematics
and self-efficacy in teaching mathematics at the

primary school level

Kristi Pikk', Ali Leijen’, Jelena Radi%i¢? and Krista Uibu'

! University of Tartu, Estonia
2 University of Oslo, Norway

Abstract: For more than 30 years, the study of teachers’ beliefs has been crucial to the
mathematics education field since teachers’ beliefs may significantly influence students’ learning
of mathematics. This study included 127 Estonian in-service primary and secondary school
mathematics teachers teaching grades three to five. We examined their beliefs about the nature
of mathematics, learning of mathematics, and their confidence in their ability to teach the subject
(self-efficacy). Moreover, we aimed to explore the relationships between these beliefs. We also
investigated the possible differences between subject teachers and class teachers and possible
differences regarding teacher work experience. Teachers’ self-efficacy beliefs about goal setting,
motivation, and cognitive activation were positively correlated. Self-efficacy beliefs on goal setting
had positive effect on rules and procedures beliefs (nature of mathematics) and teacher-directed
beliefs (learning of mathematics). In addition, the results showed a negative relationship between
self-efficacy beliefs on cognitive activation and rules and procedures and teacher-directed beliefs.
No statistically significant relationship was found between the teachers’ beliefs and their years of
experience. Nonetheless, a strong correlation was discovered between the type of teachers (i.e.,
class teacher or subject teacher) and self-efficacy beliefs related to cognitive activation. These
findings draw attention to the intricate links between teachers’ different beliefs and offer
recommendations for teacher preparation programs and further study.
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1 Introduction

For over three decades, researchers have considered the investigation of teachers' beliefs
a central focus in mathematics education (Ernest, 1989a; Guler & Celik, 2023). Teachers’
beliefs significantly impact the quality of their instruction and are a critical component of
their competence as mathematics teachers (Belbase, 2019; Kim et al., 2023). Teachers are
the principal facilitators of classroom education (Aljaberi & Gheith, 2018; Kunter et al.,
2013). In particular, other studies have demonstrated that educators who promote more
constructivist viewpoints assign more compelling assignments and offer greater learning
support (Dubberke et al., 2008; Staub & Stern, 2002). Moreover, there is a correlation
between student higher motivation and accomplishment (Siwatu & Chesnut, 2014; Wyatt,
2014; Yang et al., 2020) and improved instructional management and student assistance
(Demirci, 2023; Wellberg, 2024; Zee & Koomen, 2016) and teacher self-efficacy beliefs.
Teachers’ attitudes and behaviours toward mathematics are positively impacted by high
mathematics self-efficacy beliefs, which also rise with experience in the classroom (Chung
& Chen, 2018; Han et al., 2015). Furthermore, it is commonly assumed that a teacher's
years of experience directly correlate with the quality of their instruction in a straightfor-
ward, linear manner (Brandenburg et al., 2016; Hoy & Spero, 2005; Isiksal-Bostan et al.,
2015; Wijesundera & Wijethunga, 2021).

Concepts in mathematics range from elementary to complex, and the subject is
hierarchical, structured, and methodical. Because of this, it is essential that students begin
studying mathematics in primary school (Selvianiresa & Prabawanto, 2017). Therefore, it
is vital to comprehend the beliefs that primary school teachers hold toward mathematics.
In Estonia, where this study was conducted, it is common for a single teacher to guide
students through core subjects, including mathematics, during the initial three to four
grades and sometimes up to the sixth grade. Estonian primary grade teachers, who hold
high expectations and possess effective instructional skills, substantially impact students’
academic outcomes (Uibu & Kikas, 2014). With an average age of 49, most Estonian
teachers have much experience, and 81% have obtained all necessary official degrees
(OECD, 2022). Examining their beliefs is crucial since primary schooling lays the
groundwork for students’ future performance in mathematics.

While the topic is critical, few studies have explored the beliefs of primary school
teachers regarding teaching mathematics (Leijen et al., 2024; Nisbet & Warren, 2000;
Radisi¢ et al., 2024), and particularly, how their behaviours interact with ideas in the same
subject (Esterly, 2003; Guler & Celik, 2023). Consequently, the present study explores the
different views of in-service primary teachers concerning teaching and learning
mathematics. Furthermore, prior studies have shown a relationship between teachers’
beliefs and their years of experience (Hoy & Spero, 2005; Isiksal-Bostan et al., 2015) as
well as their level of teaching (Nisbet & Warren, 2000). Thus, we are interested how these
characteristics interact with different types of beliefs. Furthermore, the Programme for
International Student Assessment (PISA) results have shown that Estonian students’
achievement in mathematics is well above the OECD average (Tire, 2021). This highlights
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the effectiveness of the Estonian education system and underscores the importance of
understanding primary school teachers’ beliefs that might contribute to these high
achievements. Given the hierarchical nature of mathematics and the critical role of
primary education in laying the groundwork for later learning, it is important to explore
the beliefs of Estonian primary school teachers that might contribute to students’
subsequent achievements in mathematics.

2 Theoretical frameworks

2.1 Teachers' beliefs

The idea that beliefs affect how people interact with the world, impacting their percep-
tions, goals, and behaviours, is the foundation for research on teachers’ beliefs (Fives &
Buehl, 2012; Skott, 2014). The term “belief” in this study follows Philipp’s (2007) defini-
tion, which describes beliefs as psychological understandings, assumptions, or statements
about the world that are accepted as accurate. Teachers’ beliefs are important because they
act as filters through which teachers interpret their experiences, as frameworks for prob-
lem-solving, and as directives for their behaviour (Fives & Buehl, 2012; Fives & Gill, 2015;
Jakimovik, 2018; Levin, 2014).

Hoy et al. (2006) distinguished teachers’ beliefs based on the level of focus. On one
level, beliefs involve teachers’ self-assessments of their teaching abilities and roles, while
on another level, they reflect views on teaching and learning processes. In mathematics
education, these beliefs shape how teachers view the subject and its teaching processes
(Yang et al., 2020). This study focuses on three main categories of mathematics teachers’
beliefs: the nature of mathematics (Ernest, 1989a; Grigutsch et al., 1998; Kunter et al.,
2013; Pajares, 1992), learning of mathematics (Barkatsas & Malone, 2005; Lerman, 2002;
Op’t Eynde & De Corte, 2003), and self-efficacy beliefs on teaching (Bandura, 1997;
Tschannen-Moran & Hoy, 2007; Zee & Koomen, 2016). Table 1 provides an overview of
examined beliefs and their subcategories.
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Table 1. Dimensions of teachers’ beliefs and their subcategories

Belief dimension Subcategories Description
Nature of mathematics Rules-procedures Emphasises procedural mastery and formalism
(Grigutsch et al., 1998).
Inquiry Views mathematics as exploratory and creative
(Ernest, 1989a).
Learning of mathematics Teacher-directed Focuses on repetition and procedural learning
(Barkatsas & Malone, 2005).
Active learning Encourages collaboration and critical thinking
(Lerman, 2002).
Self-efficacy Cognitive activation Confidence in fostering critical thinking (Ban-
dura, 1997).
Goal setting Confidence in setting appropriate learning goals

(Tschannen-Moran & Hoy, 2007).

Motivation Confidence in motivating students to engage
with mathematics (Zee & Koomen, 2016).

The beliefs described in Table 1 are interconnected. For example, the beliefs that
mathematics is a set of rules and procedures often align with teacher-directed beliefs,
underscoring procedural mastery and structured teaching (Beswick, 2011; Pagiling &
Taufik, 2022; Wellberg, 2024). In contrast, inquiry beliefs are more compatible with
beliefs of active learning that foster exploration, collaboration, and critical thinking
(Demirci, 2023; Tamba & Cendana, 2021). Similarly, self-efficacy beliefs shape how
teachers apply these instructional methods (Cift¢i & Karadag, 2020; Saracoglu, 2022; Zee
& Koomen, 2016). The following sections delve deeper into each dimension, starting with
beliefs about the nature of mathematics, then beliefs about learning of mathematics, and
conclude with self-efficacy beliefs.

2.2 Teachers ™ beliefs on the nature of mathematics

Beliefs about the nature of mathematics fall into two main categories: rules-based and
inquiry-based (Grigutsch et al., 1998). Rules-based beliefs focus on procedural mastery
and formalism, while inquiry-based beliefs highlight creativity and problem-solving (Bes-
wick, 2012; Ernest, 1989).

The rules-based perspective aligns with Estonia’s historically centralised education
system, which emphasises standardisation and procedural mastery (OECD, 2022; Pedaste
et al., 2019). However, modern pedagogy increasingly promotes inquiry-based approaches
prioritising problem-solving and creative exploration, particularly in primary education
(Peterson et al., 2016). These two perspectives can create tension in teachers’ instructional
practices, affecting how they engage students. For instance, teachers who emphasize in-
quiry-based learning are more likely to incorporate cognitive activation strategies, while
those focusing on rules-based approaches often adopt transmissive, goal-oriented meth-
ods (Bandura, 1997; Cho & Shim, 2013; Lau, 2022; Zee & Koomen, 2016).
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Differences in these perspectives are also evident between mathematics teachers and
class teachers. Mathematics teachers often perceive the subject as abstract and theoretical,
while class teachers adopt a more practical view, seeing mathematics as a tool for everyday
problem-solving (Dede & Karakus, 2014). These contrasting views reflect their profes-
sional roles, with subject teachers favouring structured pedagogy and class teachers inte-
grating mathematics into a broader curriculum.

2.3 Teachers' beliefs about learning of mathematics

Teachers’ beliefs about how mathematics is learned significantly influence their
instructional strategies and classroom practices (Barkatsas & Malone, 2005; Beswick,
2011; Hughes et al., 2019). These beliefs typically range from teacher-directed instruction,
which emphasises demonstration, repetition, and procedural mastery, to active learning,
which prioritises exploration, collaboration, and critical thinking (Felbrich et al., 2008;
Teo et al., 2008; Voss et al., 2013). These perspectives align with two primary theoretical
frameworks: the transmissive perspective and the constructivist perspective (Barkatsas &
Malone, 2005; Bunting, 1985).

Research highlights a paradox among Estonian mathematics teachers: although many
endorse constructivist approaches, transmissive methods are often preferred due to
curriculum constraints, class size, and limited training in inquiry-based methods (Lepik
& Pipere, 2011). This duality is also evident internationally, as preservice teachers
frequently adopt a mix of transmissive and constructivist beliefs (Chan & Elliott, 2004;
Tamba & Cendana, 2021).

Perspectives on constructivist tendencies differ between mathematics teachers and
class teachers. Some studies suggest that class teachers (i.e., teaching multiple subjects)
hold more constructivist beliefs due to their interdisciplinary teaching approaches, which
foster collaboration and active learning (Aljaberi & Gheith, 2018). Conversely,
mathematics teachers often emphasise conceptual understanding and problem-solving,
aligning with inquiry-based methods, while class teachers may focus on procedural
knowledge, reflecting lower confidence in their mathematical abilities (Mulu et al., 2021).

Teachers’ beliefs evolve with experience. Novice teachers often begin with
transmissive approaches but may transition toward constructivist practices with increased
confidence and exposure to progressive pedagogies (Cift¢ci & Karadag, 2020; Putnam &
Borko, 1997). However, transmissive and constructivist beliefs can coexist throughout this
transition (Black & Ammon, 1992; Torff & Sternberg, 2001). These dynamics are captured
in the proposed model, which examines how teaching experience interacts with
instructional beliefs to shape classroom practices.

In the proposed model (see Figure 1), teacher-directed learning beliefs are hypothe-
sised to correlate with rules-based views of mathematics, emphasising structured and pro-
cedural approaches (Barkatsas & Malone, 2005; Pagiling & Taufik, 2022). Conversely, ac-
tive learning beliefs are aligned with inquiry-based perspectives, fostering collaboration
and critical thinking in mathematics instruction (Askew et al., 1997; Lepik & Pipere, 2011).
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These relationships highlight how underlying beliefs influence instructional practices,
providing a framework for professional development initiatives to encourage more stu-
dent-centred methods (Ciftci & Karadag, 2020; Demirci, 2023).

2.4 Teachers" self-efficacy beliefs in teaching mathematics

As defined by Bandura’s (1997) social cognitive theory (SCT), self-efficacy beliefs reflect
teachers’ confidence in planning and executing instructional tasks. The “person-in-con-
text” perspective, central to SCT, underscores the importance of situational specificity in
understanding self-efficacy beliefs (Zee et al., 2016). According to this view, domain spec-
ificity is critical when assessing self-efficacy, as different teaching domains involve distinct
demands and skills (Bandura, 1997; Tschannen-Moran et al., 1998). In this study, we focus
on the teaching and learning of mathematics, where self-efficacy is conceptualised as self-
referent assessments of one’s ability to plan and execute the tasks required for effective
mathematics instruction. These tasks include cognitive activation, goal-setting, and in-
spiring students to engage with and learn the subject (Perera & John, 2020).

Teachers with high self-efficacy are more confident in employing inquiry-based
methods that encourage critical thinking and problem-solving (Ciftci & Karadag, 20109;
Holzberger et al., 2013; Nie et al., 2013). In contrast, low self-efficacy is often associated
with reliance on rote memorisation and procedural methods, potentially limiting
students " deeper conceptual understanding (Briley, 2012; Gresham, 2008). This dynamic
is particularly relevant in Estonia, where the national curriculum emphasises inquiry-
based approaches (Estonian Government, 2011/2014).

Experience plays a role in shaping self-efficacy (Boz & Cetin-Dindar, 2023). While
experienced teachers often report higher self-efficacy due to accumulated success (Klassen
& Chiu, 2010), studies show mixed findings, with some indicating stagnation or even
decline over time (Ghaith & Yaghi, 1997). Mathematics teachers generally maintain stable
self-efficacy, supporting innovative strategies, while class teachers may experience
fluctuations due to their broader teaching responsibilities (Takunyaci, 2021).

In the proposed model (see Figure 1), self-efficacy beliefs are hypothesised to interact
with teachers’ beliefs about the nature and learning of mathematics. High self-efficacy in
cognitive activation aligns with inquiry-based and active learning perspectives,
encouraging collaboration and critical thinking (Berk & Cai, 2019; Ciftci & Karadag, 2019;
Holzberger et al., 2013; Nie et al., 2013). Conversely, self-efficacy in goal-setting may
correlate with rules-based and teacher-directed beliefs, promoting structured and goal-
oriented instruction (Barkatsas & Malone, 2005; Perera & John, 2020). These interactions
provide a conceptual framework for exploring how self-efficacy influences instructional
decisions and aligns with broader pedagogical beliefs (Bandura, 1997; Tschannen-Moran
& Hoy, 2007).
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2.5 The background of primary education in Estonia

Estonia’s educational system provides a crucial context for understanding teachers’ be-
liefs, particularly in mathematics education. Estonia is renowned for its excellent early
childhood education, which establishes a solid foundation for students’ later learning ex-
periences (Jiang, 2022; Peterson et al., 2016). Compulsory education begins at age seven.
In the first three or four grades, a single teacher typically teaches subjects such as mathe-
matics. This structure emphasises the critical role of primary school teachers (i.e., class
teachers), who are expected to possess strong teaching skills to guide students during
these formative years (Uibu & Kikas, 2014).

The Estonian national curriculum grants teachers significant autonomy regarding
what and how they teach while emphasising student-centred and constructivist principles
such as critical thinking and collaboration (Estonian Government, 2011/2014). However,
the focus on standardised graduation exams prioritising factual knowledge can pressure
teachers to adopt transmissive methods emphasising memorisation and procedural
mastery (Rosin et al., 2021).

Empirical studies highlight the importance of constructivist principles in Estonian
schools. For instance, school-based teacher educators employ both individual and
collaborative teaching strategies to enhance students’ cognitive and social development
(Leijen et al., 2024; Uibu et al.,, 2023). These methods—promoting group work,
discussions, and critical questioning—align with the broader national emphasis on
cooperative and inquiry-based learning.

Teachers’ qualifications and type (class teacher vs subject teacher) may significantly
shape their beliefs (Lepik et al., 2013). According to Belbase (2019), class teachers may
hold beliefs that prioritise student engagement and interdisciplinary learning over strict
adherence to mathematical content. In contrast, subject teachers, particularly those
specialising in mathematics, often possess more focused beliefs about the nature of
mathematics and its teaching. Their training typically emphasises the importance of
mathematical rigour and the development of specific skills, which can lead to a belief
system that prioritises procedural knowledge and mastery of mathematical concepts
(Karakus et al., 2018). This distinction is particularly relevant in Estonia, where class
teachers often serve as both subject specialists and generalists.

In the context of the proposed study, the Estonian educational system offers a unique
setting to explore how historical influences and modern reforms interact to shape
teachers’ beliefs. The coexistence of rules-based and inquiry-based perspectives among
Estonian teachers provides a foundation for analysing their impact on instructional
practices, as illustrated in the theoretical framework and the relationships hypothesised
in this study.
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3 Aim and research questions

This study explores the relationship between teachers’ beliefs about the nature and learn-
ing of mathematics and their self-efficacy. Drawing from the theoretical framework, the
proposed model (Figure 1) hypothesises that specific belief dimensions link and reinforce
each other. The study addresses the following research questions:

1. What is the relationship between teachers’ beliefs about the nature of mathematics
(rules and procedures vs. inquiry), learning of mathematics (teacher-directed vs.
active learning) and self-efficacy beliefs (cognitive activation, goal-setting, and stu-
dent motivation)? We hypothesise that rules-procedures beliefs will align with
teacher-directed learning beliefs, while inquiry beliefs will correlate with active
learning beliefs (Askew et al., 1997; Barkatsas & Malone, 2005; Pagiling & Taufik,
2022). Furthermore, self-efficacy belief, particularly in cognitive activation, is ex-
pected to align positively with inquiry and active learning beliefs. Conversely, self-
efficacy in goal-setting is expected to correlate with rules-procedures and teacher-
directed beliefs (Berk & Cai, 2019; Ciftci & Karadag, 2019; Holzberger et al., 2013;
Saracoglu, 2022; Wellberg, 2024).

2. To what extent do teaching experience and teacher type (i.e., class teacher vs. sub-
ject teacher) moderate these relationships? Building on prior research, we predict
that years of teaching experience positively correlate with self-efficacy beliefs (Boz
& Cetin-Dindar, 2023; Klassen & Chiu, 2010; Mulu et al., 2021; Takunyaci, 2021;
Tschannen-Moran & Hoy, 2007). Additionally, educational background and profes-
sional roles are expected to influence the alignment of rules-based and inquiry-
based beliefs (Dede & Karakus, 2014; Wellberg, 2024). The following model (Figure
1) has been hypothesised and tested based on the above.
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Figure 1. Hypothesised model of interrelations among teachers’ beliefs and self-efficacy

Years_exp

Conf_cog

Conf_goal

- em e e mm mm wm = = =

Teacher_type

Note. Conf_cog — self-efficacy beliefs in mathematics related to cognitive activation; Conf_mot — self-
efficacy beliefs in mathematics related to motivating students; Conf_goal— self- efficacy beliefs in
mathematics related to goal settings; Active_L — belief on the learning of mathematics through active
learning; Teach_dir — belief on the learning of mathematics through teacher directed instruction; Rules -
beliefs on the nature of mathematics from a rules perspective; Inquiry — beliefs on the nature of
mathematics from a inquiry perspective; Years_exp — Years of experience in teaching mathematics;
Teacher_type — class teacher/subject teacher. Solid lines represent direct hypothesised relationships,
while dashed lines indicate moderating effects.

4 Methods

4.1 Participants

The data collected in Estonia from a pilot phase of an international longitudinal research
project on the development of mathematics motivation in elementary education MATH-
Mot was used in this study. All collection took place in the spring of 2021. The participants
comprised 127 in-service teachers from nine primary and secondary schools across Esto-
nia—62 class teachers and 65 mathematics subject teachers—ensuring representation of
both class and subject teachers. Teacher type (class teacher vs. subject teacher) was in-
cluded as a variable to account for potential differences in teachers’ beliefs (Dede & Kara-
kus, 2014). Participants’ ages ranged from 23 to 75 years (M = 48.8, SD = 12.7), and 97%
were female, reflecting the general gender distribution in Estonia, where approximately
90% of teachers are women (Jiang, 2022). Teaching experience ranged from less than five
years to over 20 years, with a median of 17 years. Teacher experience was categorised on
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a five-step scale (1 = 1—5 years, 2 = 6—15 years, 3 = 16—25 years, 4 = 26—35 years, 5 = 36+
years). The average class size was 13 students (SD = 3.90). Approval was obtained from
the University of Tartu’s Ethics Committee. Participation was voluntary, and all partici-
pants provided informed consent.

4.2 Measures

The teacher survey comprised several sections, focusing on demographic information,
teaching experience, and beliefs about mathematics, i.e., beliefs about the nature of math-
ematics, learning of mathematics, and self-efficacy in teaching mathematics. All measures
were validated on samples used in the overall project as part of a generally established
analytical approach.

4.2.1 Beliefs about the nature of mathematics

The scales are adapted from the Teacher Education and Development Study in Mathemat-
ics (TEDS-M) (Laschke & Blomeke, 2014) and include (a) Rules and Procedures (RULES):
Six items (e.g., “Mathematics means learning, remembering, and applying”), and (b) In-
quiry (INQUIRY): Six items (e.g., “Mathematics involves creativity and new ideas”). A 4-
point Likert-type scale was used to score the items (1 strongly disagreed and 4 strongly
agreed).

4.2.2 Beliefs about learning of mathematics

The scales are adapted from the TEDS-M(Laschke & Blomeke, 2014) and include: (a)
Teacher-Directed Learning (TEACH_DIR): Four items (e.g., “To be good in mathematics
you must be able to solve problems quickly”), and (b) Active Learning (ACTIVE_L): Four
items (e.g., “It is helpful for pupils to discuss different ways to solve particular prob-
lems”). A 4-point Likert-type scale was used to score the items (1 strongly disagreed and
4 strongly agreed).

4.2.3 Self-efficacy beliefs about teaching mathematics

A custom measure was developed to assess teachers’ confidence in three areas: (a) Goal-
Setting (CONF_GOAL): Five items (e.g., “Establishing appropriate learning goals in
mathematics for students”); (b) Motivation (CONF_MOT): Six items (e.g., “Choosing
mathematical content to foster student motivation”) and (c) Cognitive Activation
(CONF_COG): Four items (e.g., “Challenging students to engage in critical thinking
about mathematics”). A 4-point Likert-type scale was used to score the items (1 not at all
and 4 a major extent).
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4.3 Analytical approach

Confirmatory Factor Analysis (CFA) using Mplus 8.11 was used to evaluate the teacher
belief scale measurement model (Muthén & Muthén, 1998—-2017). Table 2 summarises the
CFA results for the scales measuring teachers’ beliefs about the nature of mathematics,
mathematics learning, and self-efficacy. Fit indices were evaluated based on widely ac-
cepted criteria. All subscales met acceptable fit thresholds, with most achieving excellent
fit (TLI > 0.95, CFI > 0.95, RMSEA < 0.08) (Bowen & Guo, 2012; Brown, 2015; Kline,
2016). The global fit indices for the overall measurement model also indicated excellent
fit, supporting the unified structure of the scale. Cronbach’s alpha was calculated for each
scale, with values > 0.7 indicating reliability. The measurement model aligns with the the-
oretical framework, reflecting interrelated dimensions of teachers' beliefs about the nature
of mathematics, learning, and self-efficacy.

Table 2. Subscale model fit for teachers’ beliefs dimensions

Belief Subscale Model fit statistics Fit description
dimension
Nature of Rules- ¥2(8) = 9.171, x2/df = 1.146, CFI = Validates procedural beliefs
mathematics | procedures 0.998, TLI = 0.996, RMSEA = about mathematics.
(RULES) 0.034, SRMR = 0.032
Inquiry ¥2(3) = 145.524, x2/df = 48.508, Supports inquiry-oriented
(INQUIRY) CFI = 1.000, TLI = 1.000, RMSEA = | beliefs using parceling
0.000, SRMR = 0.000 (Kryazos, 2018).
Learning of | Teacher- ¥2(2) = 2.814, x2/df = 1.407, CFI = Confirms teacher-directed
mathematics | directed 0.999, TLI = 0.996, RMSEA = beliefs.
(TEACH_DIR) | 0.040, SRMR = 0.020
Active learning | x2(1) = 2.968, x2/df = 2.968, CFI = | Meets acceptable fit for active
(ACTIVE_L) 0.996, TLI = 0.996, RMSEA = learning.
0.088, SRMR = 0.017
Self-efficacy | Cognitive ¥2(2) = 2.076, ¥2/df = 1.038, CFI = | Indicates strong cognitive
activation 1.000, TLI = 1.000, RMSEA = activation fit.
(CONF_COG) | 0.017, SRMR = 0.013
Goal setting ¥2(8) = 8.463, x2/df = 1.058, CFI = | Strong fit for motivation
(CONF_GOAL) | 0.999, TLI = 0.999, RMSEA = beliefs.
0.021, SRMR = 0.029
Motivation ¥2(5) = 12.519, x2/df = 2.504, CFI = | Acceptable fit, though RMSEA
(CONF_MOT) | 0.986,TLI = 0.973, RMSEA = slightly exceeds threshold.
0.109, SRMR = 0.048
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Structural Equation Modeling (SEM) was conducted using Mplus version 8.11 and was
used to test the hypothesised relationships between teachers’ beliefs about the nature of
mathematics (RULES, INQUIRY), learning mathematics (TEACH_DIR, ACTIVE_L), and
self-efficacy beliefs (CONF_COG, CONF_MOT, CONF_GOAL). Aside from variables
indicating teacher type (class teacher vs. subject teacher) and experience (measured on a
five-step scale), which were included to account for potential differences in instructional
beliefs based on role and tenure, the model also accounted for the ordinal nature of most
variables. To address this, the weighted least square mean and variance adjusted
(WLSMYV) estimator was applied (Brown, 2015). The model fit indices were evaluated
using standard criteria for SEM. The following thresholds were used to determine model
adequacy (Brown, 2015; Kline, 2016): Comparative Fit Index (CFI): Values > 0.95 indicate
excellent fit, while values between 0.90 and 0.95 indicate acceptable fit (Hu & Bentler,
1999); Tucker-Lewis Index (TLI): Values > 0.95 indicate excellent fit, while values
between 0.90 and 0.95 indicate acceptable fit (Hu & Bentler, 1999); Root Mean Square
Error of Approximation (RMSEA): Values < 0.05 indicate close fit, and values between
0.05 and 0.08 indicate reasonable fit (Steiger, 1990); and Standardised Root Mean Square
Residual (SRMR): Values < 0.08 indicate a good fit (Bentler, 1995).

5 Results

The SEM analysis partially confirmed the hypothesised model, revealing significant rela-
tionships between teachers’ beliefs and self-efficacy dimensions. While inquiry-based be-
liefs aligned with the hypothesised positive associations, rules-procedures beliefs demon-
strated mixed results, with both positive and negative relationships observed. The SEM
model demonstrated acceptable fit based on the following indices: ¥2(670.253), df = 493,
¥2/df = 1.360, CFI = 0.948, TLI = 0.941, RMSEA = 0.053, and SRMR = 0.098. While the
SRMR value slightly exceeded the ideal threshold, the overall indices suggest that the
model adequately represents the relationships among the variables. The results are pre-
sented in the order of the research questions. This structure ensures a logical flow and
directly addresses the hypothesised relationships within the study framework. The path
coefficients (B) and their significance levels (p-values) are presented in Table 3.
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Table 3. Path coefficients for relationships between teachers’ beliefs and self-efficacy dimen-
sions

Path B-coefficient | p-value Interpretation

Inquiry — 0.45 < 0.01 A strong positive association indicating that

Cognitive activation inquiry beliefs enhance confidence in cognitive
activation.

Rules-procedures — 0.30 <0.05 A positive association suggesting that rules-

Goal setting procedures beliefs align with confidence in

goal-setting strategies.

Rules-procedures — -0.22 <0.05 A negative association implying that structured

Cognitive activation beliefs may hinder confidence in fostering
cognitive activation.

Teacher type — 0.57 <0.01 Class teachers demonstrate higher confidence

Cognitive activation in cognitive activation compared to subject
teachers.

Note: Only statistically significant paths (p < 0.05) are included in the table. Non-significant paths have
been excluded for clarity.

The finalised SEM model (Figure 2) demonstrates significant relationships among the
variables included in the study. Regarding the first research question, the SEM analysis
showed mixed findings. Inquiry-based beliefs were positively associated with cognitive
activation self-efficacy (f = 0.45, p < 0.01), aligning with the hypothesis and indicating
that teachers who view mathematics as inquiry feel more confident supporting students'
cognitive activation (Table 3, Figure 2). Similarly, rules-procedures beliefs were positively
related to goal-setting self-efficacy (B = 0.30, p < 0.05), supporting theoretical
expectations and suggesting that structured views of mathematics align with confidence
in instructional planning. However, rules-procedures beliefs negatively correlated with
cognitive activation (p = -0.22, p < 0.05), which contradicts the hypothesis and suggests
that a structured view of mathematics might hinder confidence in fostering students'
thinking. Furthermore, contrary to the hypothesis, rules-procedures beliefs did not
significantly align with teacher-directed learning beliefs.

For the second research question, the analysis highlighted significant findings related
to teacher type but not teaching experience. Class teachers demonstrated significantly
higher cognitive activation self-efficacy compared to subject teachers (f = 0.57, p < 0.01,
Table 3, Figure 2), supporting the hypothesis. Regarding teaching experience, no
significant associations were observed for any of the self-efficacy dimensions, contrary to
the hypothesis.
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Figure 2. Finalised structural equation model of relationships between teachers’ beliefs and
self-efficacy
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Note. Conf_cog — self-efficacy beliefs in mathematics related to cognitive activation; Conf_mot — self-
efficacy beliefs in mathematics related to motivating students; Conf_goal— self-efficacy beliefs in
mathematics related to goal settings; Active_L — belief on the learning of mathematics through active
learning; Teach_dir — belief on the learning of mathematics through teacher-directed instruction; Rules -
beliefs on the nature of mathematics from a rules perspective; Inquiry — beliefs on the nature of
mathematics from a inquiry perspective; Teacher_type — class teacher/subject teacher;Years_exp —
Years of experience in teaching mathematics.

6 Discussion

This study aimed to investigate the connections among the self-efficacy beliefs of in-ser-
vice primary and secondary teachers in teaching mathematics, the nature of mathematics,
and the learning of mathematics. The study further examined how these beliefs differed
with respect to teacher type (i.e., class versus subject) and teaching experience.

The first research question explored the relationship between teachers’ beliefs about
the nature of mathematics (rules vs. inquiry), beliefs about learning mathematics
(teacher-directed vs. active learning), and self-efficacy beliefs (cognitive activation, goal-
setting, and student motivation). The findings revealed significant positive connections
between self-efficacy beliefs in cognitive activation, goal-setting, and student motivation.
This aligns with previous research indicating that teachers with high self-efficacy are more
likely to implement effective teaching practices and foster student learning (Klassen et al.,
2011; Zee & Koomen, 2016).
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The results suggest that teachers who prioritise structured and goal-oriented
instructional strategies feel more confident in achieving educational objectives, as
reflected in goal-setting efficacy. The finding corresponds to the idea that clear
instructional goals and structured approaches enhance teachers’ confidence in their
teaching abilities (Cho & Shim, 2013; Deemer, 2004). In the Estonian context, this
alignment may reflect the historical emphasis on rules-based and procedural mastery in
the national education system (OECD, 2022; Pedaste et al., 2019;). Despite the
curriculum’s emphasis on inquiry-based learning (Estonian Government, 2011/2014),
many teachers still rely on transmissive methods due to systemic challenges such as large
class sizes, limited professional development opportunities, and time constraints (Lepik
& Pipere, 2011). This duality mirrors findings in international contexts, where teachers
often endorse constructivist beliefs but rely on transmissive practices in the classroom
(Chan & Elliott, 2004; Tamba & Cendana, 2021).

Significant negative relationships emerged between rules-procedures beliefs about
mathematics and cognitive activation, highlighting the potential trade-offs between
structured approaches and the ability to foster higher-order thinking and critical problem-
solving skills. Teachers with rules-procedures perspectives may feel less prepared to
engage students in inquiry-based activities, which require managing open-ended
discussions and encouraging collaborative exploration (Briley, 2012; Lee et al., 2017).
These findings align with prior research that underscores while many teachers endorse
constructivist beliefs, they often revert to transmissive practices due to external
constraints (Chan & Elliott, 2004; Tamba & Cendana, 2021). These findings align with
prior research that underscores the challenges teachers face in reconciling structured
teaching methods with more open-ended inquiry-based approaches.

Contrary to the hypothesis, no significant relationship was found between rules-based
beliefs and teacher-directed learning. While the proposed model (Figure 1) hypothesised
a correlation between these constructs, emphasising structured and procedural
instruction (Barkatsas & Malone, 2005; Pagiling & Taufik, 2022), other factors may
mediate this relationship. These results highlight the complexity of aligning beliefs with
instructional practices, particularly in contexts where systemic constraints or varying
teacher characteristics play a role. This underscores the need for further investigation into
how external and contextual factors influence these relationships.

Teachers with high self-efficacy in cognitive activation were more likely to adopt
inquiry-based methods, reflecting their confidence in fostering more profound learning
outcomes and student engagement. This aligns with prior research suggesting that
confidence in fostering students’ cognitive engagement supports inquiry-based strategies
(Ciftci & Karadag, 2019; Holzberger et al., 2013). In contrast, self-efficacy related to goal-
setting was positively associated with structured and rules-based beliefs, indicating that
teachers with a focus on procedural mastery feel more confident in planning and achieving
instructional objectives (Barkatsas & Malone, 2005; Perera & John, 2020).

The second research question investigated how teaching experience and teacher type
(class vs. subject teacher) moderated these relationships. We found no significant
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relationships between teachers’ beliefs and their years of experience in teaching
mathematics. This result aligns with the complexity highlighted in previous research,
where teaching experience has been linked to both positive and negative self-efficacy
outcomes (Boz & Cetin-Dindar, 2023; Ghaith & Yaghi, 1997). While accumulated
experience often enhances self-efficacy due to mastery experiences (Klassen & Chiu,
2010), other research highlights potential stagnation or even decline in self-efficacy
among experienced teachers, particularly in the absence of targeted professional
development (Ghaith & Yaghi, 1997).

In this study, contextual factors such as the teaching environment, availability of
resources, and opportunities for professional growth may have played a more significant
role than years of experience. These findings emphasize the importance of ongoing
professional learning to sustain and enhance self-efficacy throughout a teacher’s career.
For example, mathematics teachers often demonstrate stable self-efficacy supporting
innovative strategies, whereas class teachers may experience fluctuations due to their
broader teaching responsibilities (Takunyaci, 2021).

The significant relationship between cognitive activation beliefs and teacher type
suggests that class teachers and subject teachers may differ in their confidence to engage
students in critical thinking and cognitive activities. Class teachers, who typically teach a
broader range of subjects and spend more time with the same group of students, may
prioritise interdisciplinary approaches that foster student engagement and active
participation (Belbase, 2019). This broader pedagogical scope might explain why class
teachers often report higher confidence in fostering cognitive activation than subject
teachers.

In contrast, subject teachers, particularly those specialising in mathematics, often hold
more focused beliefs about the nature of mathematics and its teaching, emphasising
mathematical rigour and procedural mastery (Karakus et al., 2018). Their training
typically prioritises the development of specific mathematical skills, which can align with
a belief system centred on rules-based approaches. This distinction, particularly relevant
in Estonia, reflects a dual role for class teachers, who frequently serve as both subject
specialists and generalists (Lepik et al., 2013). Such roles can influence the alignment of
inquiry-based and rules-based beliefs, potentially leading to differences in how teachers
approach cognitive activation (Dede & Karakus, 2014).

These findings underscore the need for tailored professional development initiatives
that address the distinct needs of class and subject teachers. For class teachers, support
could focus on enhancing interdisciplinary teaching strategies and integrating cognitive
activation across various subjects. For subject teachers, particularly in mathematics,
professional development could aim to balance the emphasis on procedural mastery with
inquiry-based approaches that foster critical thinking and student collaboration
(Holzberger et al., 2013).

Moreover, the emphasis on rule-based perspectives and teachers’ beliefs about the
learning of mathematics - teacher direction in the national curriculum might need re-
evaluation. Encouraging a more balanced approach that includes inquiry-based learning
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can help teachers feel more confident in fostering higher-order thinking skills among
students. Promoting student-centered and constructivist teaching practices can enhance
the overall teaching quality and student outcomes in mathematics. These shifts in teaching
practices are crucial for developing a learning environment that supports both cognitive
and motivational aspects of student learning.

Teacher training institutions should consider these findings when designing programs
and professional development initiatives. Ensuring teachers are well-equipped with rule-
based and inquiry-based approaches can help them effectively balance goal-setting and
cognitive activation in their instructional practices. This holistic approach to teacher
training is essential for preparing teachers to meet diverse classroom challenges and to
foster an engaging and dynamic learning environment.

Limitations and conclusions

The study has several limitations that should be addressed in future research. Firstly, the
relatively small sample size and its representation of only a fraction of Estonian schools
limit the generalizability of the findings. Subsequent studies should include more exten-
sive and more diverse samples to validate these results and offer further insights into the
relationships captured by the current investigation. Secondly, the cross-sectional design
captures only a snapshot in time, which limits understanding of changes over time. Lon-
gitudinal studies are needed to examine how teachers’ beliefs and self-efficacy evolve with
experience and professional development. Thirdly, relying on self-reported survey data
may introduce biases, such as social desirability or recall bias, where teachers may respond
in ways they believe are expected or favourable. Future investigations could benefit from
incorporating observational and performance-based measures. Fourthly, this study's sam-
ple reflects the gender distribution in Estonia, where teaching is predominantly a female
profession, with approximately 90% of teachers being women. While this imbalance mir-
rors the demographic reality, it limits the generalisability of the findings to male teachers.
Further research with more balanced samples is needed to explore potential gender dif-
ferences in teaching beliefs and self-efficacy.

Continued research should investigate these dynamics in various educational contexts
and evaluate the long-term impact of professional development on teachers’ self-efficacy
and instructional practices. Addressing these limitations will provide a more
comprehensive understanding of the factors that affect teachers’ beliefs and efficacy,
leading to more optimal educational outcomes. By recognising these limitations, future
studies can fill these gaps and build on the current study’s findings to further advance our
understanding of the relationships between teachers’ beliefs, self-efficacy, and
instructional practices in mathematics education.

This study highlights the complex interplay of beliefs among Estonian primary
teachers regarding mathematics and teaching efficacy. The significant positive
relationships among teachers’ self-efficacy beliefs related to goal setting, motivating
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students, and cognitive activation, as well as the differences between class and subject
teachers, suggest that targeted support and professional development are essential.
Additionally, the lack of significant relationships between teaching experience and self-
efficacy beliefs indicates that factors other than experience, such as professional
development opportunities, play a part that we are yet to detangle thoroughly.
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