
Chapter 15
Investigating the Self-Efficacy Beliefs
and Classroom Practices of Out-of-Field,
In-Field, and Upskilled Mathematics
Teachers

Merrilyn Goos and Aoife Guerin

Abstract The study that we report in this chapter contributes to our broader research
agenda for evaluating the impact of a national professional development programme
that upskills out-of-field post-primary mathematics teachers in Ireland. The aim of
the study was to compare the self-efficacy beliefs, perceived and observed classroom
practices of six post-primary mathematics teachers (three groups of 2) who were
either out-of-field, upskilled via the professional development programme, or in-
field. The teachers completed surveys of their self-efficacy beliefs and approaches
to teaching mathematics. Video recordings of three mathematics lessons taught by
each teacher were analysed using the Productive Pedagogies classroom observation
framework. The findings showed that there were similarities and differences between
the three groups of teachers; however, the upskilled teachers were developing self-
efficacy beliefs and pedagogical practices that are similar to those of in-field teachers
of mathematics.

Keywords Mathematics classroom practice · Out-of-field · Productive
pedagogies · Upskilled

15.1 Introduction

‘Out-of-field’ teaching is an international phenomenon that involves teachers being
assigned to teach subjects that do not match their training or education (Inger-
soll, 2002). This practice seems particularly prevalent in mathematics. Out-of-
field teachers of mathematics generally possess a teaching qualification that is not
mathematics-specific, and so they typically lack the necessary mathematics content
knowledge and pedagogical content knowledge that are required for developing
students’ mathematical understanding (Baumert et al., 2010). Out-of-field teachers
may also have low confidence levels, especially in relation to the subject content
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they are teaching, and this can impact their classroom practice and hinder their
development of a professional identity in their out-of-field subject (Du Plessis, 2016).

There is growing recognition of the need for professional development
programmes that meet the needs of out-of-field teachers (Du Plessis et al., 2015).
While programmes are being developed in some countries, little research has so
far been conducted on their effectiveness (Faulkner et al., 2019). In addition, there
have been calls for research into the teaching practices of out-of-field teachers
(Ní Ríordáin et al., 2017). This chapter aims to address these identified research
gaps. We report on aspects of a larger study that is evaluating the impact of a
long-term, large-scale, government-funded, nationally consistent and university-
accredited programmeoffered to out-of-field teachers ofmathematics in Ireland—the
Professional Diploma in Mathematics for Teaching (PDMT).

15.2 Background and Context

In Ireland, growing concerns about the underperformance of post-primary school
students in mathematics at the beginning of the twenty-first century, coupled with
the low uptake of Higher Level mathematics in the senior post-primary years,
led to an overhaul of the post-primary school mathematics curriculum. This new
curriculum, known locally as ‘Project Maths’, was introduced in 2010 and shifted
the emphasis away from memorisation and procedures towards understanding and
problem-solving (National Council for Curriculum&Assessment, 2005). A national
survey of mathematics teachers, conducted by Ní Ríordáin and Hannigan (2009)
around the same time as the introduction of Project Maths, revealed that 48% of
respondents were teaching mathematics without recognised subject-specific quali-
fications. Such a high incidence of out-of-field teaching may be due to the small
size of many schools in Ireland and the autonomy accorded to school principals in
the recruitment and assignment of teachers to subjects and classes. Ní Ríordáin and
Hannigan’s finding was perceived by education policy makers as a potential threat to
the successful implementation of the newmathematics curriculum. In response to this
survey, the Department of Education and Skills (DES) funded a national programme
(PDMT) to develop out-of-field teachers’ content and pedagogical content knowl-
edge in mathematics to meet the required level as specified by the Irish Teaching
Council (2013). The Teaching Council requires that in mathematics, fully qualified
teachers must have a degree qualification with the specific study of mathematics
comprising at least one-third of the degree. There are also minimum credit require-
ments in algebra, analysis, geometry, and probability and statistics with additional
credits to be obtained in a variety of optional topics.

The PDMT is a two-year part-time postgraduate programmewith teachers’ tuition
fees fully funded by the DES. Delivery of the programme is led by the University of
Limerick in conjunction with a national consortium of 13 higher education institu-
tions in Ireland. The PDMT programme comprises ten mathematics modules, each
of which is presented over a six-week intensive session, with additional face-to-face
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and online support. Two year-long mathematics pedagogy modules are delivered
face-to-face over weekend workshops and a one-week summer school. The peda-
gogy modules place an emphasis on classroom practices that foster problem-solving
and develop conceptual understanding. One of these pedagogy modules requires
participants to complete a supervised action research project on their mathematics
classroom practice. Participants of the PDMT programme are usually teaching full-
time in schools and are not released from regular duties to undertake the programme.
Six cohorts comprising 1078 teachers participated in the PDMT from 2012–2020.

One of the main aims of the PDMT is to develop out-of-field teachers’ knowledge
of mathematics content and pedagogy. The programme is also aimed at supporting
teachers in developing pedagogical practices that are in alignment with the goals of
ProjectMaths, and this is the focus of thepresent chapter.Weanalysedvideo-recorded
mathematics lessons taught by teachers who are currently out-of-field, upskilled (as
a result of having completed the PDMT) and in-field, as well as survey responses of
these three groups of teachers with respect to their self-efficacy and perceptions of
classroom practices. The research question that we investigate is: What insights can
be gained from comparing the self-efficacy beliefs, perceived and observed classroom
practices of out-of-field, upskilled and in-field teachers of mathematics?

In the following sections, we present a discussion of relevant literature on teacher
professional development, self-efficacy beliefs and classroom practices, followed by
a summary of our study’s methodology. We then present key findings from analysis
of quantitative and qualitative data collected from the teacher participants and reflect
on insights into similarities and differences between those who were out-of-field,
upskilled and in-field with respect to mathematics.

15.3 Conceptualising and Evidencing the Impact
of Professional Development

Researching the impact of teacher professional development poses methodological
and conceptual challenges. Desimone (2009) discussed the strengths, weaknesses
and trade-offs between observations, interviews and surveys as the most common
methods for studying teacher learning and emphasised the importance of choosing
data collectionmethods to alignwith research questions. Adler and colleagues (2005)
also point out that due to having a personal investment in teaching, it is difficult for
teacher educators to take a critical stance towards the research we do with teachers.
They suggest the development of strong theoretical languages in order to distance
ourselves from what we are looking at. In the present study, as we have the dual
roles of researchers and teacher educators in the PDMT, we aimed to achieve this
critical distance by situating our research within Desimone’s conceptual framework
for studying teacher professional development.

Desimone’s (2009) framework consists of two components. The first component
classifies the critical features that define effective professional development in terms
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of increasing teacher knowledge and skills and improving practice. Drawing on
existing empirical research,Desimone proposed that this set of critical features places
emphasis on (a) content focus (b) active learning (c) coherence (d) duration and (e)
collective participation. The second component of the conceptual framework is ‘an
operational theory of how professional development works to influence teacher and
student outcomes’ (p. 184). For this component, Desimone proposed a model with
the following steps:

1. Teachers experience effective professional development (defined in terms of the
set of critical features outlined above).

2. The professional development increases teachers’ knowledge and skills and/or
changes their attitudes and beliefs.

3. Teachers use their new knowledge and skills, attitudes and beliefs to improve
the content of their instruction or their approach to pedagogy, or both.

4. The instructional changes foster increased student learning. (p. 184)

Desimone (2009) acknowledged that other potentially important factors existed,
but these were not incorporated into her model because they have not yet been
the subject of much research on the impact of professional development. These
factors may include, for example, professional identity (Hobbs, 2012), the role of
the principal in providing opportunities for teacher learning (Du Plessis et al., 2015),
and the role of curriculum materials and implementation (Remillard & Heck, 2014).
Desimone also conceded that hermodel could be criticised as representing a positivist
viewpoint. However, she maintained that the model could still be used in studies with
different theoretical perspectives on teacher learning as a means of integrating the
knowledge generated by empirical research with ‘the emerging consensus of what
is good professional development’ (p. 187).

Desimone (2009) noted that it is rare for a single study to investigate all four
elements of her proposed model; in particular, there are significant methodological
difficulties in designing evaluations that measure the effects of professional develop-
ment on student achievement. Research conducted by our larger team has analysed
the critical features of the PDMT programme (Step 1 in Desimone’s model; see Goos
et al., 2020) and its effect on the teachers who participated in the programme (Steps 2
and 3; see Lane & Ní Ríordáin, 2019; Ní Ríordáin et al., 2017; O’Meara & Faulkner,
2021). In this chapter, we further examine the impact of the PDMT on teachers’
self-efficacy beliefs (Step 2) and their classroom practices (Step 3) as key elements
in Desimone’s model of teacher change.

15.4 Teacher Self-Efficacy Beliefs and Classroom Practice

Teacher self-efficacy beliefs refer to the beliefs held by individual teachers about
their abilities to perform specific teaching tasks (Dellinger et al., 2008; Enochs et al.,
2000). Self-efficacy beliefs are specific to a task and situation, rather than fixed traits
of individuals; thus, measures of this construct should assess teacher self-efficacy
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beliefs in the context in which they are formed (Dellinger et al., 2008). Of relevance
to our research on professional development for out-of-field teachers of mathematics
is existing evidence that shows teachers with low levels of self-efficacy tend to favour
teacher-centred approaches such as reading from a textbook (Czerniak & Schriver,
1994), while highly efficacious teachers are more likely to use student-centred or
inquiry approaches (Enochs et al., 2000). Although there has been little research on
out-of-field teachers’ self-efficacy beliefs, Ingersoll (1999) proposed that the incor-
rect assignment of out-of-field teachers to classes and subjects they were not qual-
ified to teach was likely to have a negative impact on their sense of self-efficacy.
More recently, O’Meara and Faulkner (2021) surveyed participants in the PDMT to
examine their self-efficacy beliefs before and after completing themathematics peda-
gogy workshop component of the programme. They found statistically significant
improvements in self-efficacy as well as a shift in the teachers’ self-reported class-
room practices from teacher-led to student-centred approaches focusing on devel-
oping mathematical understanding. This body of research aligns with Desimone’s
(2009) conceptual framework, as it suggests that participation in professional devel-
opment may improve out-of-field teachers’ self-efficacy beliefs and subsequently
lead to changes in their classroom practices.

The Productive Pedagogies framework was chosen as the classroom observation
instrument for this study as it has been theoretically and statistically validated in
Australian research in primary and secondary school classroom across all subject
areas (Lingard et al., 2001; Mills et al., 2009). The Productive Pedagogies frame-
work, although not specifically designed for mathematics classrooms, has been used
in longitudinal studies of mathematics teaching and is particularly useful for eval-
uating the intellectual and social environment of the classroom (Maker, 2011). The
framework consists of four dimensions. Two of the dimensions, namely Intellectual
Quality and Connectedness (shown in the top row of Fig. 15.1), are concerned with

Intellectual Quality
1. Higher order thinking (HOT)
2. Deep knowledge (DK)
3. Deep understanding (DU)
4. Substantive conversation (SC)
5. Problematic knowledge (PK)
6. Meta-language (ML)

Connectedness
7. Knowledge integration (KI)
8. Background knowledge (BK)
9. Problem-based curriculum (PBC)
10. Connectedness beyond the 

classroom (CBC)

Supportive Classroom Environment
11. Student direction (SD)
12. Social support (SS)
13. Academic engagement (AE)
14. Explicit quality performance 

criteria (EC)
15. Student self-regulation (SS)

Recognition of Difference
16. Cultural knowledge (CK)
17. Inclusivity (I)
18. Narrative (N)
19. Group identities (GI)
20. Active citizenship (AC)

Fig. 15.1 Productive Pedagogies dimensions and components
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the academic outcomes of schooling; the remaining two dimensions of Supportive
ClassroomEnvironment and Recognition of Difference are concernedwith the social
outcomes.

The Intellectual Quality dimension emphasises the importance of all students
being presented with challenging work. Connectedness makes learning meaningful
by linking new knowledge to prior knowledge, other subjects in the curriculum, and
the world beyond school. In the Supportive Classroom Environment dimension, the
focus is on relationships and giving students a voice in the classroom, while Recog-
nition of Difference notes the degree to which students are facilitated to participate
as responsible members of a democratic society. A 5-point rating scale is used to
provide an index of the variation in quality of classroom practice for each of the
twenty components across the four dimensions (Fig. 15.1).

Desimone’s (2009) conceptual framework provides a useful heuristic for studying
the impact of teacher professional development. However, it would be an over-
simplification to regard the framework as a model of how teachers learn, since it
could be interpreted as proposing a linear pathway that does not take account of
the complexities of teachers’ professional contexts and histories. Nevertheless, the
framework does draw attention to key ‘ingredients’ that need to be considered when
seeking to understand teacher change. This is our aim in investigating the possible
impacts of the PDMT on teachers’ beliefs about their ability to teach mathematics
effectively and their classroom practices as perceived by the teachers themselves and
systematically recorded by an independent observer.

15.5 Methodology

Our research team’s earlier analysis of PDMT participants’ action research reports
indicated that teachers perceived a shift over time in their pedagogical practices
towards more student-centred approaches that emphasised conceptual understanding
and problem-solving (Lane & Ní Ríordáin, 2019). A related study of PDMT partici-
pants’ self-efficacy beliefs found statistically significant improvements after comple-
tion of the programme’s pedagogy workshops (O’Meara & Faulkner, 2021). A corre-
sponding pre-post research design for investigating the impact of the PDMT on
participants’ classroom teaching approaches would require observation of lessons
taught before and after the teachers experienced the programme. However, this
was not possible due to resource constraints and the demands of delivering a large,
complex programme involving 13 higher education institutions. Instead, we designed
an instrumental multiple-case study (Stake, 2003) to gain insight into the pedagog-
ical practices of three groups of teachers: (a) those currently teaching mathematics
out-of-field (n = 2); (b) those who had been upskilled to fully qualified status by
completing the PDMT (n = 2); and (c) those who had always been fully qualified,
in-field teachers of mathematics (n = 2).

The six mathematics teachers participating in the study worked in six different
post-primary schools. They were recruited from the 344 teachers who responded to
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a national survey (adapted from Goos et al., 2019) that examined their perceptions
and experiences of teachingmathematics. Those whowere interested in participating
in a subsequent classroom-based study gave their contact details by completing the
final question in the survey. Altogether, 37 of the surveyed teachers indicated initial
interest, of whom 30 were in-field, five out-of-field and two upskilled. Upon follow-
up, only two of the five out-of-field teachers werewilling to participate in this compo-
nent of the study. It was no surprise to us that teachers were so reluctant to volunteer
for research involving classroom observation, since there has been no tradition of
teacher observation, peer coaching or mentoring in Ireland (OECD, 2007). Instead,
the practice of teaching in Ireland is characterised by ‘pedagogical solitude’ with
few opportunities to ‘see, understand and develop pedagogy’ (Conway et al., 2011,
p. 90). This culture of professional isolation creates challenges for engaging teachers
in classroom-based research.

Selection of the six participants was guided by the replication logic underpinning
multiple-case studies, which differs from the sampling logic that applies to surveys
(Yin, 2003). Sampling logic requires a statistical procedure to ensure selection of a
representative subset of an identified population,whereas cases are instead selected to
predict either similar results (literal replication) or contrasting results for predictable
reasons (theoretical replication). Both types of replication were built into the design
of our study. The participants were six teachers who had contrasting backgrounds in
their preparation for mathematics teaching. They comprised the two out-of-field and
two upskilled teachers who had indicated willingness to be involved, and two in-field
teachers who were selected so as to achieve the best match with the demographic
characteristics of the other participants (gender, years of experience of teaching
mathematics and teaching assignments in terms of class year level).

The research study was designed to generate rich insights into teacher experi-
ence across multiple sites, using both quantitative and qualitative data collection and
analysis. The data sources were teacher surveys, pre- and post-lesson interviews and
structured classroom observations. To address our research question, only selected
survey and observation data are reported in this chapter.

The Teacher PDMT Survey (adapted from an instrument designed by Goos et al.,
2019) sought demographic data and included items investigating teachers’ percep-
tions of their classroom practice. The latter items came from Question 14 in the
Trends in International Mathematics and Science Study (TIMSS) Grade 8 Teacher
Questionnaire Mathematics (International Association for the Evaluation of Educa-
tional Achievement, 2014) and asked respondents to indicate how often they used
the listed strategies while teaching their mathematics class: in every/almost every
lesson, in about half the lessons, in some lessons or never.

The 31-item Teachers’ Efficacy Beliefs System-Self (TEBS-Self) Survey devel-
oped by Dellinger et al. (2008) was also completed by the six teachers. In this
chapter, the focus is on three of the survey’s six sub-scales, concerning communi-
cating/clarification, accommodating individual differences and higher order thinking
skills. Responses were given on a 4-point scale, indicating whether the teachers’
beliefs in their capabilities were weak, moderate, strong or very strong. All survey
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data were analysed using the Statistical Package for the Social Sciences (SPSS), with
frequencies and means reported where relevant.

Teachers were observed by the second author as they taught six junior secondary
mathematics lessons in two blocks of three consecutive lessons. These lessons were
also video-recorded for later analysis. In this chapter, we present analyses of three
consecutive lessons for each teacher. Before observing and video-recording lessons,
the second author discussed the Productive Pedagogies scoring manual with the first
author, who is an experienced user of the Productive Pedagogies framework. Both
authors used the scoring manual independently to rate an online video of a junior
secondary mathematics lesson, after which they compared their ratings and resolved
any differences via further discussion. After the data collection was completed, the
second author watched the video-recorded lessons, assigned scores for each item
and calculated mean scores on each dimension for each of the three types of teachers
(out-of-field, upskilled, in-field). Similarities and differences between the teachers
were further examined for each dimension by inspecting item scores.

15.6 Key Findings

15.6.1 Teacher Demographic Characteristics

Table 15.1 summarises the gender, years of mathematics teaching experience and
grouping (out-of-field, upskilled, in-field) of the six participating teachers. The school
year in which upskilled and in-field teachers gained their mathematics teaching qual-
ification through the PDMT or initial teacher education programme respectively is
also shown in Table 15.1, in addition to the school type (mixed gender, female

Table 15.1 Teacher demographic characteristics

Teacher

Characteristic T1 T2 T3 T4 T5 T6

Gender/ group M
US

M
IF

F
OOF

M
US

F
OOF

M
IF

Years teaching mathematics
(year qualified)

16–20
(2018)

11–15
(1999)

< 5
(n/a)

< 5
(2018)

6–10
(n/a)

6–10
(2010)

School Type Mixed Girls Girls Mixed Mixed Mixed

Class Year (level and size) Third Second First Second First Second

(H-21) (H-23) (C-21) (O-7) (C-19) (H-27)

Note OOF = out-of-field; US = upskilled; IF = in-field; H-21 = Higher-level, 21 students; C-21
= Common-level, 21 students; O-7 = Ordinary-level, 7 students. Students in the first year of post-
primary school study mathematics at common-level; they are streamed in second year when they
study mathematics at either foundation, ordinary or higher level
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or male) and class year, mathematics level and class size taught (first-third year;
common, foundation, ordinary or higher level mathematics; number of students in
class) for each of the six participating teachers.

15.6.2 Teacher Self-Efficacy Beliefs

Responses of the six teachers to the relevant items of the Teacher Efficacy Beliefs
Survey are recorded in Table 15.2. Looking across the rows of Table 15.2 enables
comparison between the three groups of teachers on each self-efficacy item. In
general, for each item, the strength of the teacher’s belief in their capabilities increases
from out-of-field to upskilled to in-field teachers. The upskilled and in-field teachers
reported either strong or very strong beliefs in their capabilities to perform every
teaching task listed in the survey: these two groups did not differ greatly in their
self-efficacy beliefs. On the other hand, the out-of-field teachers reported only weak
or moderate beliefs in their capabilities for most survey items, with one of these
teachers indicating stronger self-efficacy beliefs for some items.

Differences in self-efficacy beliefs of the three groups of teachers were most
pronounced for the following three items (shaded in Table 15.2), referring to the
teachers’ beliefs in their capabilities to:

• actively involve students in developing concepts;
• actively involve students in critical thinking and/or problem-solving;
• provide opportunities for students to learn at more than one cognitive level.

Out-of-field teachers reported weak or moderate belief in their capabilities to provide
learning environments described by these three items, whereas upskilled and in-field
teachers reported strong or very strong beliefs for the same items.

15.6.3 Teacher Perceptions of Classroom Practices

Table 15.3 presents the six teachers’ responses to the TIMSS Grade 8 Teacher
Questionnaire Mathematics, indicating how often they claimed to use the listed
approaches when teaching their mathematics class. For five of the seven items, the
reported frequencies increased from out-of-field to upskilled to in-field teachers, with
upskilled and in-field teachers reporting similar frequencies for most approaches.

The most frequent approaches, endorsed by all three groups, involved:

• linking new content to students’ prior knowledge;
• asking students to explain their answers.

The least frequent approaches (shaded in Table 15.3), which also revealed the greatest
differences between the perceptions of out-of-field and upskilled/in-field teachers,
referred to:
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Table 15.2 Teacher self-efficacy beliefs

Out-of-
Field

Upskilled In-Field

Right now in my pre-
sent teaching situation, 
the strength of my per-
sonal beliefs in my ca-
pabilities to:

T3 T5 T1 T4 T2 T6 

Communicate content 
knowledge that is accu-
rate and logical to stu-
dents

2 3 3 3 3 4 

Clarify students’ mis-
understandings or diffi-
culties in learning

2 3 3 3 3 4 

Actively involve stu-
dents in developing 
concepts

1 2 3 3 3 4 

Solicit a variety of 
questions throughout 
that enable higher order 
thinking

1 3 3 3 3 4 

Actively involve stu-
dents in critical think-
ing and/or problem 
solving

1 2 3 3 3 3 

Involve students in de-
veloping higher order 
thinking

1 3 3 3 3 4 

Provide opportunities 
for students to learn at 
more than one cogni-
tive and/or perfor-
mance level

1 2 3 3 3 3 

Improve the academic 
performance of all stu-
dents including those 
with special needs

1 3 3 3 3 3 

Note A 4-point rating scale was used: 1 = weak belief, 2 = moderate belief, 3 = strong belief, 4 =
very strong belief
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Table 15.3 Teacher’s perceived engagement in classroom practices

Out-of-
Field

Upskilled In-Field

Approach T3 T5 T1 T4 T2 T6 

Relate the lesson to 3 1 2 2 3 1 
students’ daily lives

Ask students to ex-
plain their answers

3 3 1 3 2 3 

Ask students to com-
plete challenging ex-
ercises that require 
them to go beyond 
the instruction

1 1 2 2 2 2 

Encourage classroom 
discussions among 
students

1 0 2 2 2 3 

Link new content to 
students’ prior 
knowledge

3 2 3 3 3 3 

Ask students to de-
cide their own prob-
lem solving proce-
dures

0 0 2 2 2 3 

Encourage students 
to express their ideas 
in class

2 1 2 3 2 3 

Note A 4-point rating scale was used: 0 = never, 1 = some classes, 2 = about half the classes, 3 =
almost every class

• asking students to complete challenging exercises that require them to go beyond
the instruction;

• encouraging classroom discussions among students;
• asking students to decide their own problem-solving procedures.

Out-of-field teachers reported that they either never used these approaches or only
used these approaches in some classes. The upskilled and in-field teachers reported
that they used these approaches for about half of the classes or in almost every class.
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15.6.4 Observations of Classroom Practice

The mean scores on the Productive Pedagogies dimension for each group of teachers
over the three lessons for which they were observed are shown in Table 15.4. Each
mean score is calculated from six observations (2 teachers × 3 lessons). Looking
down the columns of Table 15.4 reveals some similarities between the three groups
of teachers: each group scored highest on the dimension of Supportive Environ-
ment and lowest on the dimension of Connectedness. The same pattern was found
in Makar’s (2011) analysis of pedagogical practices in Australian primary school
teachers’ ‘regular’ mathematics lessons.

Looking across the rows of Table 15.4 allows a comparison to be made between
each of the three groups of teachers for each dimension of the Productive Pedagogies
framework. In-field teachers were the group that achieved the highest mean score
for the dimensions of Intellectual Quality and Supportive Classroom Environment.
Upskilled teachers recorded the highest mean score for the dimension of Connect-
edness, with the mean score of the in-field teachers being very similar. Out-of-field
teachers achieved the highest mean score for the Recognition of Difference dimen-
sion, largely due to significantly higher scores on the Inclusivity component of this
dimension. This may be because they were the only teachers with mixed-ability,
rather than ability-streamed, mathematics classes. It was observed that the out-of-
field teachers placed particular emphasis on the element of Inclusivity within the
dimension of Recognition of Difference by encouraging the participation of weaker
students. Out-of-field T5 also paid particular attention to questioning and encour-
aging responses from female students, as in this class there was a tendency for male
students to dominate the answering of questions.

Because the PDMT is mainly concerned with teaching mathematics for academic
outcomes, its effects aremost likely to be observed in teachers’ pedagogical practices
corresponding to the academic dimensions of Intellectual Quality and Connected-
ness. Table 15.5 presents each teacher’s score totals for the three observed classes
for each component of the dimension of Intellectual Quality. The maximum possible
score total for each teacher is 15 (3 lessons × 5 points). Score totals instead of mean
scores are presented for each componentwithin the dimension for ease of comparison
across the teachers and components.

Table 15.4 Productive pedagogies mean scores

Teacher Group

Dimension Out-of-Field Upskilled In-Field

Intellectual Quality 2.64 3.00 3.61

Connectedness 1.54 1.79 1.75

Supportive Classroom Environment 3.67 3.27 4.07

Recognition of Difference 3.10 2.23 2.57

Note A 5-point rating scale was used. Each group comprises two teachers who were observed for
three lessons
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Table 15.5 Intellectual quality score totals

Out-of-
Field

Upskilled In-Field

Component T3 T5 T1 T4 T2 T6 

Higher Order Think-
ing

8 8 9 10 8 15

Deep Knowledge 9 9 11 13 12 15

Deep Understanding 9 12 10 10 12 12

Substantive Conver-
sation

5 9 5 10 8 9 

Problematic 
Knowledge

6 6 5 8 11 12

Meta-language 5 9 9 8 12 5 

Note A 5-point rating scale was used. Each teacher was observed for three lessons

The greatest differences between the groups of teachers within the dimension
of Intellectual Quality occurred in Higher Order Thinking, Deep Knowledge and
Problematic Knowledge (shaded in Table 15.5). The differences in the score totals
between individual teachers for these components was at least 6 points across the
three lessons or an average of 2 points per lesson on the 5-point observation scale. In
general, the score totals increase from out-of-field to upskilled to in-field teachers.

According to the Productive Pedagogies classroom observation manual, Higher
Order Thinking requires students to manipulate information and ideas in ways that
transform their meaning and implications, which occurs when students combine
facts and ideas in order to synthesise, generalise, explain, hypothesise or arrive at
some conclusion or interpretation. Brief excerpts from lessons taught by T5 (out-of-
field), T4 (upskilled) and T6 (in-field) are presented below to illustrate differences
with respect to the quality of their questioning to necessitate student engagement in
Higher Order Thinking. The excerpts represent typical practice of each teacher.

T5 (out-of-field) had used the analogy of a balance scale to show the method
of solving an equation by ‘doing the same to both sides’ and thus maintaining the
balance on both sides:

T5: Now what happens if it is scales and I take 8 away from 12 on the right-hand
side? What happens to the scales?

� + 8 = 12
−8

� = 4
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T5: I’ll be left with 4. That side (points to right-hand side of equals sign) is now
lighter than this side (points to left-hand side). This side (RHS) has only 4 on
it and this side (LHS) has something plus 8. Remember both sides have to be
equal. So whatever you do to one side of the scales you must do to the other
side. So if I take 8 away from here as well (on LHS), we’ve cancelled them
out so that means you’ve only your triangle left. So the triangle equals 4.

� + 8 = 12
−8 = −8

� = 4

T5 then set the students to work individually on textbook exercises, and
reconvened the whole class to check on their progress on solving the following
equation:

� − 5 = 4

T5: How much is the square worth.
Student: 9
T5: Is she right, is the square worth 9?
Many students: Yes.
T5: What did she do to both sides of the equation?

The final question asked by T5 only requires students to reproduce previously learned
mathematical procedures and therefore does not elicit higher order thinking.

T4 (upskilled) was teaching students how to solve linear simultaneous equations.
Student A had begun to solve a pair of equations as shown below:

x + 2y = 7

2x + y = 8

3x − y = 15

A typical first step in solving simultaneous equations is to decide on a strategy for
eliminating one of the variables. This is done by either adding or subtracting the
equations (or a multiple of either or both equations that will give equal coefficients
of either x or y). However, in this case, the student appears to have added x and 2x,
but then subtracted y from 2y, and added 7 and 8. The following excerpt shows how
T4 tried to find out what the student had done:

T4: Student A we’ll start with you.
Student A: So I plused the xs.
T4: So 3x, I’m confused about what you did with the ys. Can you explain

to me what you did?
Student A: So I plused the x and the 2x and I got 3x and then y-2y is –y.
T4: (continues with questions to guide Student A towards the correct

procedure)
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T4’s question (in bold type) asked Student A to explain, which is an instance of
higher order thinking that manipulates rather than only reproduces information, as
occurred in the previous example.

T6 (in-field) was also teaching students how to solve simultaneous equations. In
the introductory lesson for this topic, he provided students with the following list of
equations and asked:

T6: Which of these equations do you think is the hardest to solve? Why?

(1) 95x2 − 2x + 105 = 0
(2) 3x + 2y = 8
(3) 9x4 − 39x3 + 9x2 − 90x + 3035 = 0
(4) 4

√
9x4 − 9

2 x3 − 45x − 87x = 0

Through further questioning of individual students, T6 elicited the conclusion that
Eq. (2) is the most difficult to solve because it has two variables and, in fact, this
equation has an infinite number of solutions. However, it is possible to find values
of x and y that satisfy two equations of this type simultaneously. T4’s question
requires a high level of higher order thinking on the part of students, because they
must synthesise several pieces of prior knowledge about what it means to solve an
equation in order to arrive at and justify a conclusion.

To summarise, higher order thinking is necessary to answer the question posed
by T6 and is required to some extent to answer the question posed by T4; however,
the questions posed by T5 mainly require the students to rehearse mathematical
procedures.

The differences between teacher groups were considerably less for the dimension
of Connectedness (Table 15.6); this may be due to the lower score totals obtained by
all three groups. Themain difference in this dimension occurred for the component of
Problem-Based Curriculum (shaded in Table 15.6), with the difference being equiva-
lent to at least 3 points across the three lessons, or a mean of 1 point per lesson on the
5-point observation scale. The Problem-Based Curriculum component refers to the

Table 15.6 Connectedness score totals

Out-of-Field Upskilled In-Field

Component T3 T5 T1 T4 T2 T6 

Knowledge Integration 3 3 4 3 3 3 

Background Knowledge 6 7 7 6 6 6 

Problem-Based Curricu-
lum

6 6 7 9 8 10

Connectedness Beyond 
the Classroom

3 3 4 3 3 3 

Note A 5-point rating scale was used. Each teacher was observed for three lessons
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extent to which students are presented with real, practical or hypothesised problems
to solve, including the recognition of the connection between classroom knowledge
and situations outside the classroom with the exploration of these connections to
create significance for the knowledge.

The Productive Pedagogies classroom observation manual defines a problem as
a task with no specified correct solution that requires knowledge construction on the
part of students. In keepingwith themathematics education research literature, we re-
interpreted this definition tomean that amathematical problem is a task for which the
student does not know and needs to construct the solution method (National Council
of Teachers of Mathematics, 2000). The following brief excerpts from lessons taught
by T3 (out-of-field), T1 (upskilled) and T2 (in-field) illustrate differences in how
these teachers engaged students in a problem-based curriculum. The excerpts were
chosen because they represent typical practice of each teacher.

T3 (out-of-field) was teaching the class how to perform the algebraic manipula-
tions of expanding and simplifying. She beganwith a numerical example and showed
two solution methods, the second of which involved use of the distributive law, the
algebraic procedure she wished the students to learn:

4(3 + 2)

Two methods: 4(5) = 20 and

4(3) + 4(2) = 12 + 8 = 20

She then asked students to expand 4(x + 2). As students were expected to mimic the
solution method that had been demonstrated by the teacher, this task is not classified
as a problem and so there is no evidence of a problem-based curriculum in this
excerpt.

T1 (upskilled) was introducing the topic of patterns and relationships as part of
the study of algebra. He posed the following task:

T1: If I gave you this pattern here: x, y, z, x, y, z, x, y, z, … What letter is
in the 63rd position?

Student A: z
T1: Why z?
Student A: Because 3 goes into 63 evenly.

This was a fairly straightforward, but nevertheless unfamiliar, task for which the
students needed to construct a solution method based on the recurring x, y, z pattern.

T2 (in-field) was introducing Pythagoras’ Theorem, which specifies the relation-
ship between the side lengths of any right-angled triangle: the area of the square on
the hypotenuse (the longest side) is equal to the sum of the areas of the squares on the
other two sides. This relationship can be written algebraically as a2+b2 = c2, where
c represents the length of the hypotenuse and a and b the lengths of the other two
sides. Instead of just giving the students this formula, T2 had the students construct
a right-angled triangle with side lengths of 6, 8 and 10 units and draw the squares
on all three sides (see Fig. 15.2). Because the triangle was drawn on graph paper, it
was easy to count the small ‘boxes’ in the squares on the two shorter sides to arrive
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Fig. 15.2 Investigating
Pythagoras’ theorem

at a measure of their areas. However, because of the orientation of the square on
the hypotenuse, this counting of ‘boxes’ was not straightforward, so the teacher and
students negotiated an estimation strategy that involved counting all the ‘full boxes’
and then combining ‘half boxes’ to complete the count. This was a genuine problem
for which several alternative solution methods were possible.

Thus, there is some evidence that the kind of knowledge construction that char-
acterises a problem-based curriculum is called for in the tasks offered by T2 and T1,
while the task set by T3 instead requires using well-defined algorithms for algebraic
manipulation.

15.7 Discussion

This study contributes to our larger research agenda for investigating the impact of the
Professional Diploma inMathematics for Teaching, a large-scale professional devel-
opment programme for out-of-field teachers ofmathematics. Todate, our research has
relied on teacher self-reports (Goos et al., 2019; O’Meara & Faulkner, 2021), assess-
ments of teacher knowledge (Ní Ríordáin et al., 2017) or analyses of teachers’ action
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research reports (Lane & Ní Ríordáin, 2019) to gather evidence of the programme’s
impact. Some of these studies collected data on self-reported beliefs and classroom
practices before and after teachers experienced components of the PDMT (e.g. peda-
gogy workshops, action research), while others interpreted the self-reported beliefs
and classroom practices of PDMT graduates in the light of international mathematics
education research literature. In this chapter, for the first time, we report on direct
observation of the classroom practices of PDMT graduates.

While we would have liked to observe lessons taught before and after partici-
pating teachers had completed the PDMT in order to make stronger claims about
the programme’s impact, logistical constraints make it very challenging to imple-
ment such research designs. Instead, we adopted a multiple-case study design to
seek insights into ‘a contemporary phenomenon within its real-life context’ (Yin,
2003, p. 13): the classroom practices of these upskilled teachers, teachers who
were still teaching mathematics out-of-field and qualified teachers of mathematics
who had always been in-field. We focused on three aspects of practice: teacher
beliefs about their capability to perform specific teaching tasks (self-efficacy beliefs),
teacher perceptions about their classroom practices (perceived practices) and struc-
tured independent observations of teachers’ actual classroom practices (observed
practices).

15.7.1 Insights into Self-Efficacy Beliefs and Classroom
Practices of Out-of-Field, Upskilled and In-Field
Teachers of Mathematics

There were clear differences between the self-efficacy beliefs of the out-of-field
teachers, on the one hand, and the upskilled and in-field teachers, on the other
hand. Upskilled and in-field teachers resembled each other in reporting stronger
self-efficacy beliefs than out-of-field teachers in relation to their capabilities of
actively involving students in developing concepts, engaging in critical thinking
and/or problem-solving and in providing opportunities for students to learn at more
than one cognitive/performance level. The upskilled and in-field teachers, more so
than the out-of-field teachers, also perceived that they made more frequent use of
teaching practices that ask students to complete challenging tasks, engage students in
discussion and encourage students to decide their own problem-solving procedures.
These perceptions of classroom practice may indicate that out-of-field teachers are
less comfortable using teaching approaches that invite students to gobeyond the limits
of the teachers’ own content knowledge. All teachers claimed that they linked new
content to students’ prior knowledge in at least half the lessons they taught; however,
evidence from the lessons that were observed suggests that connections weremade to
students’ school knowledge of the topic rather than to any out-of-school experiences
that might enhance their understanding of the new material.
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With respect to the classroom observations, the groups of teachers were similar
in that they all scored highest on Supportive Classroom Environment and lowest
on Connectedness, a finding that aligns with previous research into mathematics
teaching using the Productive Pedagogies framework (Makar, 2011). Some of the
differences between the groups suggested that the upskilled teachers (graduates of
the PDMT programme) may be adopting pedagogical practices that are more like
those of in-field teachers than those who are still teaching mathematics out-of-field,
especially in relation to the provision of intellectual quality and connectedness.

15.7.2 Insights into Evidencing the Impact of Professional
Development

Desimone’s (2009) conceptual framework for studying teacher professional devel-
opment provided a useful heuristic for planning our research into the impact of the
PDMT. She wrote that classroom observation and teacher self-reports are commonly
used methods for measuring the effects of professional development. She further
argued that both methods can provide valid data if the same observer uses a well-
constructed protocol for all classroom observations and the teacher self-report
protocol focuses on what teachers did rather than how well they did it. In our
study, a single observer used the Productive Pedagogies observation protocol to
ensure a consistent approach to gathering and analysing data on teachers’ classroom
practices. The teacher self-report instruments asked teachers about the strength of
their self-efficacy beliefs and the frequency of implementing the nominated teaching
approaches, thus avoiding evaluative judgments as recommended by Desimone.

A challenge for research into teacher change is the possibility of social desirability
bias, which ‘can occur in any form of data collection’ (Desimone, 2009, pp. 189–
190), whether this involves surveys, interviews or observations. Such biases can
be avoided by using well-constructed instruments that are aligned with a study’s
research questions and administered appropriately.We suggest that, additionally, data
collection instruments that combine teacher self-report with independent observation
need to be aligned so that they tap into the same, or similar, underlying constructs. For
example,many of the items that were used in the Teacher EfficacyBeliefs Survey (see
Table 15.2) refer to teacher beliefs in their abilities to engage students in developing
concepts, higher order thinking, critical thinking and problem-solving—all of which
strengthen the intellectual quality of a lesson as defined by the Productive Pedagogies
protocol. Similarly, the TIMSS Grade 8 Teacher Questionnaire Mathematics elicits
teacher perceptions of the frequency of classroom practices such as encouraging
student discussion, offering challenging tasks (both of which align with intellectual
quality) and relating lessons to students’ prior knowledge and daily lives (aligned
with connectedness, another of the Productive Pedagogies dimensions). It would be
beneficial for future research into the impact of the PDMT to conduct a more detailed
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mapping of alignment between the data collection instruments used in the present
study.

15.8 Conclusion and Recommendations

The conclusions that we draw from this study can only be tentative, given the small
sample and case study design. A case is not a sample from which one can generalise
to a population; however, case study findings permit analytic generalisation in order
to expand the theories upon which the study was based (Yin, 2003). Our findings
suggest that the structured lesson observation provided by the Productive Pedagogies
framework may be useful in supplementing the upskilled teachers’ self-reported
changes in their pedagogical practices arising from participation in a professional
development programme. In addition, such structured observations may usefully
inform the design of programmes aimed at developing out-of-field teachers’ (and
also pre-service teachers’) knowledge of mathematics and pedagogical practices,
particularly in pinpointing specific items within the academic outcomes of schooling
that require further consideration (e.g. knowledge integration and connectedness
beyond the classroom).

Two recommendations arise from the findings of the present study, and the
broader research programme that is investigating the impact of the PDMT. Firstly,
research into the effectiveness of professional development programmes for out-of-
field teachers should be guided by a conceptual framework that operationalises how
such programmes influence teacher learning and, ultimately, the improvements to
student learning that are claimed to result. We used Desimone’s (2009) path model,
but other frameworks exist (e.g. see Clarke & Hollingsworth, 2002; Guskey, 2000).
The second recommendation is directed at education policy makers who may fund
professional development programmes for out-of-field teachers. While such invest-
ment in teacher development is welcome, significant funding is also needed to gather
evidence of the impact of these programmes, and especially in terms of changes to
teachers’ classroompractices. Large-scale classroomobservation studies are rare and
costly (see, Lingard et al., 2001, for an example), but can reveal trends that support
further policy and practice initiatives. Our own study, while involving only a small
number of participants, offers insights into the knowledge that can be gained from
classroom-based research with newly upskilled teachers of mathematics.

References

Adler, J., Ball, D., Krainer, K., Lin, F.-L., & Novotna, J. (2005). Reflections on an emerging field:
Researching mathematics teacher education. Educational Studies in Mathematics, 60, 359–381.



15 Investigating the Self-Efficacy … 331

Baumert, J., Kunter,M., Blum,W., Brunner,M., Voss, T., Jordan, A., &…Tsai, Y. (2010). Teachers’
mathematical knowledge, cognitive activation in the classroom, and student progress. American
Educational Research Journal, 47, 133–180.

Clarke, D., & Hollingsworth, H. (2002). Elaborating a model of teacher professional growth.
Teaching and Teacher Education, 18, 947–967.

Conway, P., Murphy, R., Hall, K., & Rath, A. (2011). Leadership and teacher education. In H.
O’Sullivan & J. West-Burnham (Eds.), Leading and managing schools (pp. 89–119). Sage
Publications.

Czerniak, C., & Schriver, M. L. (1994). An examination of preservice science teachers’ beliefs and
behaviors as related to self-efficacy. Journal of Science Teacher Education, 5(3), 77–86.

Dellinger, A. B., Bobbett, J. J., Olivier, D. F., & Ellett, C. D. (2008). Measuring teachers’ self-
efficacy beliefs: Development and use of the TEBS-Self. Teaching and Teacher Education, 24(3),
751–766.

Desimone, L. (2009). Improving impact studies of teachers’ professional development: Toward
better conceptualizations and measures. Educational Researcher, 38(3), 181–199.

du Plessis, A. E. (2016). Leading teachers through the storm: Looking beyond the numbers and
turning the implications of out-of-field teaching practices into positive challenges. International
Journal of Educational Research, 79, 42–51.

du Plessis, A., Gillies, R., & Carroll, A. (2015). Understanding the lived experience of novice
out-of-field teachers in relation to school leadership practices. Asia-Pacific Journal of Teacher
Education, 43, 4–21.

Enochs, L. G., Smith, P. L., & Huinker, D. A. (2000). Establishing factorial validity of the
mathematics teaching efficacy beliefs instrument. School Science and Mathematics, 100(4),
194–202.

Faulkner, F., Kenny, J., Campbell, C., & Crisan, C. (2019). Teacher learning and continuous
professional development. In L.Hobbs & G.Törner, Examining the phenomenon of ‘teaching
out-of-field’: International perspectives on teaching as a non-specialist (pp. 269–308). Springer
Nature.

Goos, M., Ní Ríordáin, M., Lane, C., & Faulkner, F. (2019). Impact of a national professional
development programme on the beliefs and practices of out-of-field teachers of mathematics. In
G. Hine, S. Blackley & A. Cooke (Eds.), Mathematics education research: Impacting practice
(Proceedings of the 42nd annual conference of the Mathematics Education Research Group of
Australasia, pp. 316–323). MERGA.

Goos,M., O’Donoghue, J., Ní Ríordáin,M., Faulkner, F., Hall, T., &O’Meara, N. (2020). Designing
a national blended learning programme for ‘out-of-field’ mathematics teacher professional
development. ZDM, 52(5), 893–905.

Guskey, T. (2000). Evaluating professional development. Corwin Press.
Hobbs, L. (2012). Examining the aesthetic dimensions of teaching: Relationships between teacher
knowledge, identity and passion. Teaching and Teacher Education, 28, 718–727.

Ingersoll, R. M. (1999). The problem of underqualified teachers in American secondary schools.
Educational Researcher, 28(2), 26–37.

Ingersoll, R. M. (2002). Out-of-field teaching, educational inequality and the organization of
schools: An exploratory analysis. University of Washington, Center for the Study of Teaching
and Policy.

International Association for the Evaluation of Educational Achievement. (2014). TIMSS 2015
teacher questionnaire mathematics. Accessed 14 April 2021. https://timssandpirls.bc.edu/timss2
015/questionnaires/index.html

Lane, C., & Ní Ríordáin, M. (2019). Out-of-field teachers’ beliefs and practices: An examination
of change and tensions using zone theory. International Journal of Science and Mathematics
Education, 18, 337–355.

Lingard, B., Ladwig, J., Mills, M., Bahr, M., Chant, D., Warry, M., et al. (2001). The Queensland
school reform longitudinal study. Education Queensland.

https://timssandpirls.bc.edu/timss2015/questionnaires/index.html


332 M. Goos and A. Guerin

Makar, K. (2011). Learning over time: Pedagogical change in teaching mathematical inquiry. In J.
Clark, B. Kissane, J. Mousley, T. Spencer, & S. Thornton (Eds.), Mathematics: Traditions and
(new) practices (Proceedings of the 23rd biennial conference of the Australian Association of
Mathematics Teachers and the 34th annual conference of the Mathematics Education Research
Group of Australasia, pp. 27–37). AAMT & MERGA.

Mills, M., Goos, M., Keddie, A., Honan, E., Pendergast, D., Gilbert, R., Nichils, K., Renshaw, P., &
Wright, T. (2009). Productive pedagogies: A redefinedmethodology for analysing quality teacher
practice. Australian Educational Researcher, 36, 67–87.

National Council for Curriculum and Assessment. (2005). Review of mathematics in post-primary
education—A discussion paper. NCCA.

National Council of Teachers of Mathematics. (2000). Principles and standards for school
mathematics. NCTM.

Ní Ríordáin, M., & Hannigan, A. (2009). Out-of-field teaching in post-primary mathematics educa-
tion: An analysis of the Irish context. NCE-MSTL. http://epistem.ie/wp-content/uploads/2015/
04/Out-of-field-teaching-in-post-primary-Maths-Education.pdf.

Ní Ríordáin, M., Paolucci, C., & O’ Dwyer, L. M. (2017). An examination of the professional
development needs of out-of-field mathematics teachers. Teaching and Teacher Education, 64,
162–174.

O’Meara,N.,&Faulkner, F. (2021). Professional development for out-of-field post-primary teachers
of mathematics: An analysis of the impact of mathematics specific pedagogy training. Irish
Educational Studies. https://doi.org/10.1080/03323315.2021.1899026

Organisation for Economic Cooperation and Development/Leadership Development for Schools.
(2007). Improving school leadership. OECD Project Background Report –Ireland.

Remillard, J., &Heck,D. (2014). Conceptualising the curriculum enactment process inmathematics
education. ZDM, 46, 705–718.

Stake, R. E. (2003). Case studies. In N. Denzin &Y. Lincoln (Eds.), Strategies of qualitative inquiry
(2nd ed., pp. 134–164). Sage Publications.

Teaching Council (2013). Teaching Council registration: Curricular subject require-
ments (post-primary) for persons applying for registration on or after 1 January
2017. https://www.teachingcouncil.ie/en/Publications/Registration/Documents/Curricular-Sub
ject-Requirments-after-January-2017.pdf

Yin, R. K. (2003). Case study research: Design and methods (3rd ed.). Sage Publications.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the Creative Commons license and
indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.

http://epistem.ie/wp-content/uploads/2015/04/Out-of-field-teaching-in-post-primary-Maths-Education.pdf
https://doi.org/10.1080/03323315.2021.1899026
https://www.teachingcouncil.ie/en/Publications/Registration/Documents/Curricular-Subject-Requirments-after-January-2017.pdf
http://creativecommons.org/licenses/by/4.0/

	15 Investigating the Self-Efficacy Beliefs and Classroom Practices of Out-of-Field, In-Field, and Upskilled Mathematics Teachers
	15.1 Introduction
	15.2 Background and Context
	15.3 Conceptualising and Evidencing the Impact of Professional Development
	15.4 Teacher Self-Efficacy Beliefs and Classroom Practice
	15.5 Methodology
	15.6 Key Findings
	15.6.1 Teacher Demographic Characteristics
	15.6.2 Teacher Self-Efficacy Beliefs
	15.6.3 Teacher Perceptions of Classroom Practices
	15.6.4 Observations of Classroom Practice

	15.7 Discussion
	15.7.1 Insights into Self-Efficacy Beliefs and Classroom Practices of Out-of-Field, Upskilled and In-Field Teachers of Mathematics
	15.7.2 Insights into Evidencing the Impact of Professional Development

	15.8 Conclusion and Recommendations
	References


