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Abstract

The purpose of this study is to describe and investigate the effects of a mentoring
partnership model of engagement. Specifically, the researcher implemented a
program of intervention in which preservice teachers at La Trobe University
consolidate their understanding of learning and teaching of primary mathematics
through their voluntary involvement in a cross-year level peer-mentoring program.
This thesis extends educators’ understanding of the value of peer mentoring
partnerships, through sharing how the partnership program was structured and
implemented, and through participant reflections on experience. The success of this
integrated approach to teaching and learning resulted in more confident and
competent mentor and mentee preservice teachers.

xiii

Chapter 1. Introduction
1.1. Introduction - Rationale for Research (Statement of the problem)

‘All young Australians will become successful learners, confident and creative individuals,
and active and informed citizens’
(Australian Institute for Teaching and School Leadership (AITSL), 2017)

It is common to find preservice teachers (PSTs) with mild to extreme anxiety at the
thought of having to do maths, let alone teach it. Many PSTs, even in the third year of a
four year course, lack the level of mathematical knowledge required to not only
participate in their university mathematics subject, but also the knowledge they need to
teach mathematics. The story will be familiar to most educators of mathematics in initial
teacher education (ITE) programs – a large proportion of students with negative
attitudes, beliefs, motivation and low levels of confidence; in general, students with a
poor disposition towards learning and teaching mathematics. Added to this problem, the
introduction of the Australian Literacy and Numeracy Test for Initial Teacher Education
(LANTITE), requiring all graduates be in the top 30% of the adult population for literacy
and numeracy, has focused a lens on university mathematics programs, to ensure
students have the necessary opportunities to succeed in this test. As Matney (2017, p.
67) notes, ‘Mathematics teacher educators strive to design programs that address the
many facets necessary to foster pre-service teachers through the transition from
students of education to professional educators’. With this focus in mind, the researcher
introduced a mentoring partnership program amongst PSTs undertaking their
undergraduate teaching degree. The study sought to investigate how this new model of
engagement could further enhance mathematical proficiency, both cognitively and
pedagogically in PSTs. Specifically, the focus of this work is on PSTs’ knowledge they
need to teach primary mathematics.

1

1.2. Aims of this thesis

The overall goal of this study is to describe how a cross-year level mentoring partnership
program was established and used to firstly enable PSTs to consolidate their own
mathematical content knowledge (MCK) and secondly to help PSTs improve how they
teach mathematics, that is, their mathematical knowledge for teaching (MKT).
This work demonstrates how the inclusion of a numeracy intervention program, that uses
mentors as partners in teaching and learning, is an effective method for PSTs to become
more competent, confident and inspired teachers of mathematics.

In order to achieve the overall goal, three key aims were identified:
1. To investigate the effectiveness of a numeracy intervention program in terms of
PSTs’ mathematical content knowledge.
Then, to explore the effectiveness of a mentoring partnership both from the perspective
of a learner and that of a teacher:
2. To investigate the mindset beliefs towards mathematics, of first-year PSTs.
3. To investigate the attributes of an effective mathematics teacher and hence the
roles that third-year PSTs assume within a numeracy intervention program.

1.3. Research Question

The specific question guiding this inquiry was:
‘How can I help my PSTs become better teachers of mathematics?’
It is important to note here, that ‘action research questions involve the generic question,
‘How do I improve my work?’’ (McNiff & Whitehead, 2006, p. 131). Therefore,
throughout this project, and indeed underlying every episode of teaching, the
researcher kept this question foremost in her mind. The researcher wanted to know
what more could be done to help PSTs become more competent and confident teachers
of mathematics. At the time of the research study, PSTs were required to complete only
two semesters of formal mathematics study. Voluntary numeracy classes had been
offered for a number of years, but uptake was sporadic, and it was clear that more could
2

be done to assist PSTs to become better teachers of mathematics. Therefore, the
research question above was expanded as follows:
‘How would a Mentoring Partnership model of engagement further enhance
mathematical proficiency (both cognitively and pedagogically) in preservice teachers in
an undergraduate teaching degree?’
To help answer this question, the researcher explored the following sub-questions:
Q.1. Does the NW intervention program significantly improve PSTs’ mathematical
content knowledge?
Phase 1: Cognitive considerations - extra-curricular mathematics classes, known as
numeracy workshop (NW) classes, and the use of a dedicated numeracy workbook
(NWB) have been offered for a number of years to help PSTs develop their mathematical
content knowledge, particularly in terms of their conceptual understanding, procedural
knowledge, strategic competence and reasoning in mathematics. Phase 1 would
investigate the effects of this NW program on PSTs’ MCK.
Q.2. How are PSTs’ attitudes, behaviours, beliefs, motivation and confidence affected
by participating in peer-mentored NWs? In other words, how is their disposition
towards mathematics changed?
Phase 2: Mindset considerations - in addition to improvements in MCK, the researcher
wanted to explore ways of helping PSTs become more resilient, with a greater capacity
to learn. PSTs, particularly first-year PSTs, need to overcome underlying issues such as
anxiety and poor dispositions towards mathematics. Certain non-cognitive factors (in
this study, these are referred to as one’s mindset or one’s disposition) are known to
inhibit the development of mathematical understanding. The researcher was interested
in exploring the effects that focused teaching of mindset theories, using peer mentors as
partner-teachers along with the traditional NW program, would have on first-year PSTs’
disposition towards mathematics.
Q.3. What are the attributes of an effective mathematics teacher?
Q.4. What role do mentors assume within the peer mentored NWs?
Q.5 Is the peer mentored NW intervention program an important inclusion for any
undergraduate ITE program?
Phase 3: Pedagogical considerations - the third-year PST mentors would dedicate a
considerable amount of time to this project. The researcher wanted to explore the
3

attributes of an effective mentor in this program. Consequently, the attributes of an
effective mathematics teacher needed to be explored. The mentors assisted both
themselves and their mentees (first-year PSTs) to improve in the art of teaching
mathematics. The mentors took on various roles during the mentoring process. The
mentors would reflect on the aspects of mathematical knowledge for teaching (MKT) of
most importance in becoming an effective teacher of mathematics. The researcher
wanted to explore the nature of both the attributes and roles assumed by the mentor
PSTs within the NW intervention program. In analysing the data regarding attributes, it is
anticipated that the roles of the mentors will emerge. It is anticipated that a peermentored NW intervention program would benefit all participants in this study and
demonstrate that it is an important inclusion in any undergraduate ITE program.

1.4. Research Design

‘The empowerment of research participants is always paramount in action research’
(O'Leary, 2014, p. 170)

The overarching method employed in this study is that of action research. This actionoriented design is the most suited to this study since it is a method that focuses on
change-oriented objectives rather than any one particular paradigmatic positioning
(O'Leary, 2014). Action research is particularly useful in education settings and since
‘terms such as learning, education, facilitation, participation, negotiation and
collaboration’ (O'Leary, 2014, p. 168) were of great importance to the researcher, this
design was the most appropriate for this study. Furthermore, the power of action
research lies in the highly integrated nature of knowledge and change, that is, ‘action
research practitioners believe that enacting change should not just be seen as the end
product of knowledge; rather it should be valued as a source of knowledge itself’
(O'Leary, 2014, p. 169).
Action research is a cyclic process of planning, acting, observing and reflecting. In this
study, the action stages involve focused teaching in a numeracy intervention program.
The observation stage is where data is collected. After careful reflection, re-planning
4

occurs and the cycle begins anew. The researcher works through these cycles with the
aim of continuously improving aspects of their work.
Data collected and analysed in action research studies is ‘collected and analysed with as
much rigour as it would be in any other research strategy’ (O'Leary, 2014, p. 169).
O'Leary (2014, p. 170) notes that the ‘observation part of the cycle is likely to be set
within a particular case, and is likely to involve a variety of approaches, methodologies,
and methods in a bid to gather data and generate knowledge’. The cycles in this study
are referred to as phases and described below.
Phase 1 of this study employed a quantitative approach in analysing the effect of a
numeracy intervention program. Statistical procedures were performed on pre- and
post-test scores.
Phase 2 of this study employed a quantitative approach in exploring the effects of a
peer-mentored numeracy intervention program on non-cognitive factors (attitudes,
beliefs, behaviours, motivation and confidence) towards mathematics of first-year PSTs.
Phase 3 of this study employed a qualitative approach in exploring the effects of a
mentoring partnership on third-year PSTs’ understanding of how mathematics is learned
and in how mathematics is taught.

1.5. Thesis Outline

This chapter has introduced the work contained in this study, outlining the aims,
research questions and research design.
Chapter 2 presents the literature review, beginning with two of the main concerns for
ITE providers. The first concern relates to what is required for PSTs to be mathematically
proficient, from the perspective of a learner and that of a teacher. The second concern
discusses the factors that hinder the development of mathematical understanding,
particularly the serious issue of mathematics anxiety. The next part of the review
focuses on social constructivist theory since it is the underlying pedagogical approach to
this research project. The literature is then reviewed in order to define what it is to be a
5

mentor, to have a partnership, and to be part of a community of practice (COP). This
chapter concludes with a brief introduction of action research.
Chapter 3 details the methodology and methods used in this study. The paradigmatic
positioning of the researcher is discussed followed by a rationale of the methods used.
The individual research methods are then detailed, followed by a discussion of the
setting and background to this work, participant selection, data collection and analysis
procedures, and finally any ethical issues identified.
Chapter 4 details the findings of this study. Phase 1 details the preliminary findings from
quantitative data collected in 2013. These findings outline the significance of a pre- and
post- numeracy test conducted after a numeracy intervention program. Phase 2 details
the findings from the first-year PSTs in 2015 in terms of their disposition towards
mathematics, both before and after a peer-mentored numeracy intervention program.
Phase 3 details the findings from the third-year PSTs in 2015, in terms of the attributes
required to be effective mentor teachers, and the roles they assumed within the
program.
Chapter 5 discusses the significance of the findings from the three phases of this study.
Phase 1 focuses on the significant contribution that a numeracy intervention program
makes to PSTs’ mathematical content knowledge. Phase 2 describes the improvement in
mathematical disposition (mindset factors such as attitude, beliefs, behaviours,
motivation and confidence) that occurred for first-year PSTs after the peer-mentored
numeracy intervention. Phase 3 discusses the attributes, of third-year PSTs, which are
required in being effective teachers of mathematics and the roles they assumed in the
mentoring program.
Chapter 6 concludes the study by summarising the interwoven elements that are
required for teachers (and hence PSTs) to become proficient in both learning and
teaching mathematics. The connections between the various elements of mathematical
proficiency and pedagogy are complex, but the inclusion of the mentoring partnership
will show the enormous benefits gained by all involved in this project: PSTs improved
their proficiency in MCK and MKT and the researcher gained valuable insights in how to
improve her practice.
6

1.6. Key Terms

The following acronyms are used throughout the paper. Further explanation for some of
these terms can be found in Appendix O: Acronyms (p. 203).
ACARA – Australian Curriculum, Assessment and Reporting Authority
ACER – Australian Council for Educational Research
AITSL – Australian Institute for Teaching and School Leadership
COM – Communities of Practice
CPAR - Critical Participatory Action Research
ITE – Initial Teacher Education
LANTITE – Literacy And Numeracy Test For Initial Teacher Education
MCK – Mathematical Content Knowledge
MKT – Mathematical Knowledge for Teaching
NW – Numeracy Workshop
NWB – Numeracy Workbook
OECD – Organisation for Economic Cooperation Development
PCK – Pedagogical Content Knowledge
PIAAC - Programme for the International Assessment of Adult Competencies
PISA - Programme for International Student Assessment
PM – Peer Mentor
PST – Preservice Teacher
TIMSS – Trends in International Mathematics and Science Study

7

1.6.1

Preservice Teacher – undergraduate teacher or student?

The preservice (undergraduate) teachers in this study are either in their first or third
year of study. At times, these PSTs will be referred to as students, specifically when they
participate as learners in the numeracy workshop program for the first time. The thirdyear PSTs, once they become mentors, often refer to the first-year PSTs (the mentees) as
their students. When PSTs undertake the numeracy workshop program for the first time
as learners, they may be referred to as students. A clear distinction will be made, as
needed, between PST students or school students.
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Chapter 2. Literature Review

2.1. Introduction

A stronger focus on mathematics is vital in schools, and therefore in ITE programs. In
society, numerate (and literate) people have better outcomes. Research has shown that
people with greater literacy and numeracy skills are significantly more likely to be
healthier, to be employed, to earn more, to be involved in further training, and to have
greater participation in their community (Organisation for Economic Cooperation
Development (OECD), 2017; Prince, 2014; Reyna, Nelson, Han, & Dieckmann, 2009;
Turner & Tout, 2016).
Two major international assessment programs, PISA (Programme for International
Student Assessment) and PIAAC (Programme for the International Assessment of Adult
Competencies), show concerning results for numeracy standards in Australia. While
mathematical literacy results in PISA 2012 were just above the international mean, there
had been a significant decline since PISA 2003. Australian results for numeracy
performance in PIAAC (2012) were just below the international mean, also showing a
decline since 2006. This decline is concerning since other countries of the OECD have
shown much smaller declines on the average (Organisation for Economic Cooperation
Development (OECD), 2017; Turner & Tout, 2016).
Three million adult Australians (one fifth of the working age population) have low
literacy and/or numeracy skills (Organisation for Economic Cooperation Development
(OECD), 2017). Whilst Australia’s overall performance in the PIAAC Survey of Adult Skills
ranges from average to very good, the data showed that Australia has a particular
challenge concerning numeracy. Other concerning findings were that signs of poor
performance in numeracy could be traced back to initial schooling, and that females
have weaker numeracy skills than males (Organisation for Economic Cooperation
Development (OECD), 2017). Likewise, Turner and Tout (2016) outline alarming
statistics: 20% of Australian students do not reach the minimum level of mathematical
literacy determined by the OECD. 44% of students do not meet the baseline identified as
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representing a ‘challenging but reasonable expectation of student achievement at a year
level, with students needing to demonstrate more than elementary skills at this level’
(Australian Curriculum Assessment and Reporting Authority (ACARA), 2015, p. 5).
The OECD data points to numeracy as being a powerful ‘predictor of positive social and
economic outcomes’ (Turner & Tout, 2016, p. 61). Thus, in order that Australia’s social
and economic future continues to improve, mathematics education across all sectors
needs to improve. To achieve this outcome, the mathematics discipline needs to
improve the content and pedagogical knowledge of all mathematics teachers. Prince
(2014) quotes Honorary Professor of mathematics at the University of Sydney, John Rice
who states that ‘current mathematics education, in schools and universities, is satisfied
with programming students to carry out certain mathematical processes, and
assessment rewards students who can calculate everything even if they understand
nothing’ (para. 4). These strong words lead us to question what it is to be
mathematically proficient as a learner, and what knowledge it takes for a teacher to
successfully teach mathematics.
Australian students’ mathematical literacy is often compared with those of other
countries within programs defined by international organisations such as PISA and
PIAAC. It is interesting to note how the mathematics domain is defined by PISA and
PIAAC:
PISA: Mathematical literacy is an individual’s capacity to formulate,
employ and interpret mathematics in a variety of contexts. It includes
reasoning mathematically and using mathematical concepts, procedures,
facts and tools to describe, explain and predict phenomena. It assists
individuals to recognise the role that mathematics plays in the world and
to make the well-founded judgements and decisions needed by
constructive, engaged and reflective citizens.
PIAAC: Numeracy is the ability to access, use, interpret, and communicate
mathematical information and ideas, in order to engage in and manage
the mathematical demands of a range of situations in adult life. (Turner &
Tout, 2016, p. 53)
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The Australian Curriculum concept of numeracy incorporates these definitions by
stating that:
Numeracy is fundamental to a student’s ability to learn at school and to
engage productively in society … [that] … students become numerate as
they develop the knowledge and skills to use mathematics confidently
across learning areas at school and in their lives more broadly … numeracy
encompasses the knowledge, skills, behaviours and dispositions that
students need to use mathematics in a wide range of situations. It involves
students recognising and understanding the role of mathematics in the
world and having the dispositions and capacities to use mathematical
knowledge and skills purposefully. (Australian Curriculum, n.d.-d)
In contrast, the term mathematics can be thought of as the concepts and skills
that are needed as the foundation before one can apply these to the real world.
Professor Robyn Jorgensen provides a clear distinction between mathematics and
numeracy by stating that mathematics is esoteric or pure whilst numeracy is
applied. She notes that mathematics is abstract, that mathematical ideas are
used for their own pursuit, that mathematics is about overarching principles and
concepts and that mathematics provides the foundations for being numerate.
Numeracy, however, is flexible, is connected to other areas of mathematical
concepts and uses and applies mathematical ideas to solve problems in everyday
or applied contexts (Department of Education and Training, n.d.).
In this study, the terms mathematical proficiency and numeracy are used
interchangeably, since they describe a range of components necessary for an
individual to be considered mathematically literate, or numerate. As will be
discussed in later sections, understanding mathematics proficiently requires not
only knowledge of the abstract ideas and skill in performing computations, but an
entire range of components. Hence, when referring to mathematics teaching or
to proficient teachers of mathematics, in this study, the researcher is referring to
the combined proficiencies in mathematics that together form a mathematically
literate or numerate individual. When reference is made in this study to
procedural fluency in mathematics, the researcher is referring to the abstract
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concepts and ideas referred to in current educational literature as mathematics
rather than numeracy.

2.2. Two prevailing problems for Mathematics Education Students

2.2.1

Problem One: Mathematical Proficiency.

‘Expert teaching should be by design, not chance’ - Laureate professor, John Hattie, AITSL
Chair (Australian Institute for Teaching and School Leadership (AITSL), 2017).
In recent years there has been much discussion around the decline in Australian
students’ performance and therefore about the quality of their teachers. Skemp (2009,
p. 17) notes that ‘for several decades we have been seeing increasing failure in school
mathematics education, in spite of intensive efforts in many directions to improve
matters’. Thomson, Hillman, and Wernet (2012) found that the average performance of
Australian Year 8 students in mathematics had not changed since the Trends in
International Mathematics and Science Study (TIMSS) 1995 report, and that 37% of
those did not achieve the intermediate international benchmark (the minimum
proficient standard expected).
Thomson, De Bortoli, and Buckley (2013) found that one-fifth of Australian students
were low performers in mathematical literacy, failing to reach the international baseline
level (level 2) of mathematical proficiency. In fact, Australia’s mean mathematical
literacy has significantly declined between PISA 2003 and PISA 2012: ‘There has been a
significant decline in the performance of top performers, average performers and low
performers’ (Thomson et al., 2013, p. 14). Furthermore, Thomson et al. (2013, p. x) note
that in the PISA 2012 report, a particular area of weakness for Australian 15-year olds
was in ‘formulating situations mathematically and employing mathematical concepts,
facts, procedures and reasoning’.
A student’s achievement in mathematics is greatly influenced by their teacher’s
proficiency in mathematics. Hiebert and Grouws (2007, p. 371) claim that ‘the nature of
classroom mathematics teaching significantly affects the nature and level of students’
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learning’. Sousa (2008, p. 174) states that ‘one critical factor in how well students learn
mathematics is the quality of the teaching’. There is a vast body of research linking a
teacher’s mathematical knowledge and student achievement (Ball, Hill, & Bass, 2005;
Fennema, Sowder, & Carpenter, 1999). It is therefore imperative that ITE programs
prepare PSTs adequately for their future role. Hine (2015, p. 4) notes, however, that
researchers have concluded that ‘teaching PSTs more content knowledge is not the best
way to prepare teachers; rather, teaching for understanding is required’. Understanding
that mathematical proficiency requires far more than simply possessing content
knowledge is one of the key elements in this study. Mathematical proficiency is
discussed in section 2.3.1 below.
In addition to a teacher’s MCK, teachers must also know how to teach mathematics. The
pedagogy of teaching mathematics is known as mathematical knowledge for teaching
(MKT) (Delaney, Ball, Hill, Schilling, & Zopf, 2008). Hine (2015) notes that for the profile
of mathematics to be elevated, the ability to translate MCK into effective pedagogical
practice is of utmost importance.
Effective mathematics teachers must possess both MCK and MKT thereby being
considered as quality teachers. Being proficient in both content and pedagogy is of
paramount importance, since a teacher’s effectiveness has a powerful impact on
students. In fact, research has found that teacher quality is the single-most important
factor influencing student achievement (Australian Institute for Teaching and School
Leadership (AITSL), n.d.; Organisation for Economic Cooperation and Development
(OECD), 2005). Therefore, if improved student outcomes are a top priority, education
systems worldwide must undeniably value expert teaching. Research has shown that a
key attribute of highly effective teachers, are teachers that have a thorough
understanding of the subjects they teach (Australian Institute for Teaching and School
Leardership (AITSL), n.d.; Craven et al., 2014).
It is well documented that ‘in most Year 5 to 9 classes, teachers can and should expect a
range of up to 7 school years in numeracy-related performance’ (Siemon, Virgona, &
Corneille, 2001, p. 6). This outcome has major implications for teachers. A secondary
school mathematics teacher would need to have the skill and knowledge to teach
students whose numeracy is potentially at the lower primary school year level, and
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primary school teachers would need to have the skill and knowledge to teach students
whose mathematical understanding is at the upper secondary school level. Of great
concern is that ‘more than 20% of Year 8 students were being taught mathematics by
teachers who reported feeling only ‘somewhat’ confident in teaching the subject’
(Thomson et al., 2012, p. xv). Furthermore, Prince (2014) states that ‘The Australian
Mathematical Sciences Institute’s (AMSI) own aspiration for 2025 is to lift the
percentage of secondary maths classes taught by qualified maths teachers from an
appalling 66% now to 100%’ (para. 8). The repercussions of these findings for ITE
providers is significant. Universities need to ensure their preservice teacher mathematics
programs equip graduates with the mathematical knowledge to teach a wide range of
mathematical abilities.
Australia has an undersupply of secondary mathematics teachers (Craven et al., 2014)
and a large proportion of out-of-field mathematics teachers. Out-of-field teaching is
defined as ‘a secondary teacher teaching a subject for which they have not studied
above first-year at university, and for which they have not studied teaching
methodology’ (Weldon, 2016, para. 2). For primary teachers, being qualified in
numeracy requires that teachers ‘have studied the area for at least one semester at
second year tertiary level or have trained at tertiary level in teaching methodology’
(Weldon, McMillan, Rowley, & McKenzie, 2014, p. xii). Surveys of Australian teachers
and school leaders (McKenzie, Weldon, Rowley, Murphy, & McMillan, 2014; Weldon,
2015, 2016; Weldon et al., 2014) show that 19.6% of secondary mathematics teachers
were teaching out-of-field and that 17.1% of primary school teachers were teaching
numeracy out-of-field (Craven et al., 2014). In fact, Thomson et al. (2012, p. xv) state
that ‘around one-third of students are being taught by teachers with no content or
pedagogical training in mathematics’. Craven et al. (2014) note that mathematics
teachers without Year 12 training may lack the ability to spark enthusiasm in their
students, recommending the introduction of specialist mathematics primary teachers:
‘Higher education providers [should] equip all primary pre-service teachers with at least
one subject specialisation, prioritising science, mathematics or a language’ (p. xv).
Science, technology, engineering and mathematics (STEM) disciplines are vital for
Australia’s future economic and social well-being. In fact, ‘75% of the fastest growing
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occupations require STEM skills and knowledge’ (The Australian Industry Group, 2015, p.
8). Furthermore, compared to other countries, Australia is lagging behind and underperforming in STEM initiatives (Price-Waterhouse Report, 2015; The Australian Industry
Group, 2015). Alarmingly, whilst STEM skills are increasingly important to the Australian
workforce, primary and secondary school students’ participation in STEM-related
subjects is decreasing and students’ performance in these areas is below many countries
(The Australian Industry Group, 2015). Furthermore, findings by the Australian Industry
Group have shown that ‘participation by university students in STEM related disciplines
is not keeping pace with the need of the economy and is low compared to other likeeconomies’, recommending therefore, that strategies to expand undergraduate
participation in STEM disciplines be implemented (The Australian Industry Group, 2015,
p. 6).
Australia is undoubtedly making great advancement in improving teacher quality and in
raising the status of the teaching profession. The Australian Professional Standards for
Teachers (APST) were created to ensure that teachers know what they should aim to
achieve at every stage of their career. Teachers need to provide evidence of certain
requirements of the standards at various stages (Australian Institute for Teaching and
School Leadership (AITSL), 2017). Furthermore, the Teacher Education Ministerial
Advisory Group (TEMAG) propose a number of recommendations that ITE providers
should follow in order to ensure their programs are of the highest quality. Providers
need to ‘design and deliver diverse and innovative programs [and] demonstrate that
their programs are high quality [and] have a positive impact on student learning and
respond to the needs of schools and employers’ (Craven et al., 2014, p. 1). The
recommendations further state that universities must attract the most competent
students and if they are anything less than so, offer innovative intervention programs
that will best prepare these students to be future teachers Craven et al. (2014) . The
creation of the numeracy workshop program aimed to tackle head-on these muchneeded reforms.
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2.2.2

Problem Two: Mathematics Anxiety.

For many people, young and old, the fear of having to do maths abounds. Students with
mathematics anxiety may experience this fear from simply opening a mathematics
textbook, when having to take a mathematics test, or when asked to perform a
mathematics calculation in their head. Walking to a mathematics class, trying to work on
a mathematics problem while a teacher is watching, having to show everyone in class
how to do a problem on the board, or having to answer a question in front of the class
can be terrifying experiences. Feelings of anxiety can arise from simply talking about
mathematics. Many other triggers exist that lead some people to experiencing
mathematics anxiety.
Stankov, Morony, and Lee (2014, p. 10) denote anxiety as ‘one’s physio-emotional
reactions when she/he thinks about or performs a task’. Skemp (2009) mentions a
typical list of responses from an experiment run by Buxton (1985): participants at a
conference were told they would be given a mathematics test, that their answers would
be judged by him (he had announced that he was the Staff Inspector for Mathematics)
and that there was a strict time limit. He then asked the participants to find the single
emotional word that best described their feelings. Even though the audience later
discovered they were not actually required to undertake a mathematics test, the typical
initial responses were feelings of terror, panic, sweating, palpitations, fear,
apprehension, tension and nervousness. Furthermore, Skemp (2009) argues that anxiety
reduces efficiency of mathematical thinking and that ‘anxiety, once present, could bring
about a vicious circle of cause and effect in the mathematical-learning situation’ (p. 192).
Mathematics anxiety is usually caused by some sort of unrewarding or discomforting life
experience with mathematics. Richardson and Suinn (1972, p. 551) defined mathematics
anxiety as ‘a feeling of tension and anxiety that interferes with the manipulation of
numbers and the solving of mathematical problems in a wide variety of ordinary life and
academic situations’. More simply, Sousa (2008, p. 171) states that mathematics anxiety
is ‘anxiety about learning and doing mathematics.’
Of most concern are the consequences that can result from an individual who
experiences mathematics anxiety. These consequences may be physiological, cognitive
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and behavioural and may significantly impair an individual’s life functions (Hopko,
McNeil, Zvolensky, & Eifert, 2001). For example, these individuals may avoid
environments and careers that require the utilization of math skills (Cropp, 2017; Hopko,
2003).
Mathematics anxiety can affect people of all levels of cognitive ability (low, average and
high IQ) and all levels of mathematical achievement and as young as 7 years of age
(Gilmore, Göbel, & Inglis, 2018; Young, Wu, & Menon, 2012). Not only can the feelings
associated with mathematics anxiety be extremely unpleasant and stressful for
individuals, they can often be experienced during, after and in anticipation of the actual
activity. These feelings can lead to individuals ‘trying to avoid situations that involve
mathematics’ (Gilmore et al., 2018, p. 110). Mathematics anxiety can have serious
repercussions for an individual’s future goals.
Mathematical anxiety can be difficult to measure. Gilmore et al. (2018, p. 110) report
that the majority of studies on mathematics anxiety rely on self-report questionnaires, in
which participants are asked how they would feel in different situations and to choose
their answer from a Likert-type scale ranging from, for example, ‘not nervous at all’ to
‘very nervous’. Researchers such as Alexander and Martray (1989), Richardson and Suinn
(1972), Suinn and Edwards (1982) have developed various mathematics anxiety rating
scales that have led to useful findings. The two main findings have serious implications
for teachers. Firstly, mathematics anxiety is negatively associated with mathematics
achievement (Boaler, 2009, 2015a; Gilmore et al., 2018; Hadley & Dorward, 2011; X. Ma,
1999; Sousa, 2008; Stankov et al., 2014). Secondly, mathematics anxiety can disrupt an
individual’s capacity in terms of their working memory. An individual that experiences
high mathematics anxiety during a mathematical task has reduced capacity because in
effect they are trying to deal with two tasks (Ashcraft & Kirk, 2001). Gilmore et al. (2018)
explains this as:
Working memory resources in individuals with high mathematics anxiety
are at least partially occupied with anxiety management during
mathematics-related tasks and thus less working memory is available for
mathematical processing and consequently mathematics performance
suffers. (p. 114)
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Many other studies support the finding that anxiety, and in particular mathematics
anxiety, can cause individuals to perform below expectations because their cognitive
resources are directed towards their emotional distress (Stankov et al., 2014). Therefore,
it is vital that mathematics educators are aware of and have the strategies to mediate
the effects of mathematics anxiety. There is much literature discussing the risk factors to
developing mathematics anxiety and includes ‘students’ own low perceptions of their
mathematics ability, expectations about performance, parents’ negative attitudes
towards mathematics, non-supportive teachers, teachers with high mathematics
anxiety’ (Gilmore et al., 2018, p. 115).
Of great concern, both for society and for the researcher in this study, is the number of
PSTs who experience high levels of mathematics anxiety. Of further concern is the effect
that a female teacher’s anxiety has on girls’ mathematical achievement. A high
proportion (approximately 80%) of primary school teachers are female (Weldon et al.,
2014). Beilock, Gunderson, Ramirez, and Levine (2010) showed that the higher a female
teacher’s mathematics anxiety, the more girls endorsed the stereotype that ‘boys are
good at mathematics, and girls are good at reading’ (para. 1), and these girls show
significantly lower mathematics achievement than girls who did not endorse this
stereotype.
Mathematics anxiety is a complex and concerning issue that must be addressed by all
teachers. The literature surrounding mathematics anxiety is interspersed with factors
that may influence or contribute to an individual’s mathematics anxiety. Examples of
factors that contribute to mathematics anxiety include: one’s past experiences in
mathematics, their level of achievement, one’s mindset, one’s attitudes, behaviours,
beliefs, motivation, and confidence (Ashcraft & Kirk, 2001; Cropp, 2017).

2.3. Proficient Teachers of Mathematics - Content and Pedagogy

One of the most important attributes of a quality teacher of mathematics is the content
knowledge they possess. Mathematical content knowledge (MCK), sometimes referred
to as subject-specific knowledge, is the knowledge of how to perform calculations, the
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understanding of concepts, and the ability to accurately define mathematical topics. For
many years, teacher quality has focused on attaining deep content knowledge (Ball et
al., 2005; L. Ma, 1999).
Of equal importance for quality teachers of mathematics is the knowledge of how to
teach mathematics, that is, their mathematical knowledge for teaching. MKT is the
integration of their subject matter knowledge with the skilled teaching of that
knowledge. MKT requires both mathematical content knowledge (MCK) and pedagogical
content knowledge (PCK), discussed further in section 2.3.4 below.
ITE programs strive to give PSTs a deep understanding of the connection between
content knowledge and pedagogy. For prospective teachers of mathematics, the link
between knowing the subject material and being able to teach it, is crucial. Ultimately
the goal is to have PSTs, on graduation, proficient in both MCK and MKT. Currently many
PST graduates are lacking in one or both of these areas (Afamasaga-Fuata’i, Meyer, Falo,
& Sufia, 2006, p. 2). The researcher has noted from her own observations that some
PSTs whose MCK is high, may lack the skill to effectively convey this knowledge to their
students. Other PSTs refer to gaps in their knowledge, or to having missed learning
certain topics altogether. PSTs lacking in MCK find it difficult to understand the content
within their core university methods subjects. If one does not have sufficient
understanding of mathematics content, how can they understand the complexities of
how to teach it? There are other PSTs that have a very good understanding of the
various theories of learning and teaching, and successfully complete undergraduate
methods subjects, but in fact, lack subject specific content knowledge. As noted by
Afamasaga-Fuata’i et al. (2006, p. 3), this situation results in ‘some primary student
teachers exiting the program without necessarily upgrading their content knowledge of
mathematics’.
The researcher wanted to explore ways of teaching PSTs so that they could consolidate
their understanding of both MCK and MKT experientially. The goal for this study was to
offer any PST the opportunity to participate in an intervention program that focused on
both learning and teaching mathematics, especially those that felt they had lower than
Year 9 level understanding. In conjunction with learning the subject matter, this
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intervention would focus on the skilled ways of teaching mathematics by offering PSTs
further opportunities to improve their MKT.
Teaching mathematics can be thought of as being a specialized art; an art that is based
on well-researched, rigorous academic theories of teaching and learning (MCK and MKT)
and an art that is practiced and improved upon throughout one’s teaching career. ITE
programs need to ensure that PSTs possess an adequate level of MCK before they begin
to undertake studies in pedagogy specific to teaching mathematics. Universities must
ensure PSTs’ content knowledge is sufficient, in order for them to fully appreciate and be
able to practise using this subject matter knowledge in the skilled ways necessary to
impart that knowledge to their learners.
2.3.1

Mathematical Content Knowledge - Components of Mathematical Proficiency.

This section discusses the components needed for a learner to be proficient in
mathematics, that is, to have a grounded understanding in MCK. The five components
that contribute to one’s mathematical understanding will be discussed separately below.
About four decades ago acknowledgement was made of two of these components of
mathematical understanding. Skemp (1978) used the terms instrumental and relational
understanding, whilst Hiebert and Lefevre (1986) later proposed the use of procedural
and conceptual understanding. These two components of mathematical understanding,
along with three others discussed below, are the focus of most ITE programs.

2.3.1.1

Procedural (Instrumental) Understanding.

The traditional view of how a mathematics class works is as follows: the teacher
introduces a new concept and demonstrates a procedure for the class. The students
then practise the skills repeatedly and finally prove they can do the work, generally by
completing a test at the end of the topic. Pape, Bell, and Yetkin (2003, p. 179) note that
‘traditionally, mathematics has been viewed as a body of facts and procedures, and the
successful mathematics student was one who mastered them’. Skemp (1978, p. 9) was
one of the first educators to note that ‘instrumental understanding … is what I have in
the past described as ‘rules without reasons’… for many pupils and their teachers the
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possession of such a rule, and ability to use it, was what they meant by ‘understanding’’.
Hiebert and Lefevre (1986) described this type of understanding as one having
procedural knowledge. In today’s curriculum documentation, this sort of knowledge is
referred to as having a procedural understanding of mathematics. Individuals who have
an understanding of rules have the potential of developing procedural fluency in
mathematics.
Procedurally fluent students in mathematics are skilled in the routine manipulation of
symbols, materials, spoken words and mental images. A procedurally fluent student can
choose appropriate methods and approximations and carry out procedures flexibly,
accurately, efficiently and appropriately. A student with good procedural knowledge can
readily recall definitions, factual knowledge and concepts (Australian Curriculum, n.d.-b;
Booker, Bond, Sparrow, & Swan, 2014; Hiebert & Lefevre, 1986; Kilpatrick, Swafford, &
Findell, 2001a; Reys et al., 2012). Such knowledge is relatively quick and easy to teach
and assess but is often inflexible when applied to a new situation and easily forgotten if
not practised (Bobis, Mulligan, & Lowrie, 2009, p. 18).
The problem for individuals learning only by these memorizing processes is that once
they advance in their mathematical journey and problems become more complex, ‘the
number of different routines to be memorized imposes an impossible burden on the
memory’ (Skemp, 2009, p. 193). Secondly, certain procedures only work for a limited
range of problems. Trying to fit memorized routines to all mathematical problems faced
by an individual will be futile. Even for high achieving students who have found success
in memorisation techniques, there will come a time when procedural knowledge alone
will fail them, potentially initiating mathematics anxiety. Van de Walle, Karp, and BayWilliams (2010) state that ‘the common practice of teaching procedures in the absence
of conceptual understanding leads to errors and a dislike of mathematics’ (p. 24).
Thames and Ball (2010, p. 221) note that whilst numerous studies carried out over forty
years acknowledge the importance of teachers having a high level of mathematical
knowledge, these studies also ‘suggest that conventional content knowledge is
insufficient for skilfully handling the mathematical tasks of teaching’. Furthermore, Kilic
et al. (2010, p. 351) note that students need more than just a procedural knowledge:
‘students’ experiences with mathematics should entail more than computing with
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isolated digits or following rote procedures; instead, their experiences should involve
critical thinking and reasoning’. These further components of mathematical proficiency
are discussed in the following sections.

2.3.1.2

Conceptual (Relational) Understanding.

‘If students learn a concept thoroughly the first time it is introduced, one will get twice
the result from half the effort. Otherwise, one will get half the result with twice the
effort’ (L. Ma, 1999, p. 115).
This well-known quote used by Chinese teachers evinces further thought on the nature
of mathematical understanding. Distinct from the idea of having procedural knowledge,
is the idea of having a deeper understanding or what Skemp (1978) called a relational
understanding. Relational understanding is ‘knowing both what to do and why’ (Skemp,
1978, p. 9). Hiebert and Lefevre (1986) introduced the term conceptual knowledge to
describe this type of understanding that allows learners to be flexible in their thinking
and more able to solve unfamiliar problems. Bobis et al. (2009, p. 18) elaborate on this
definition of a conceptual understanding, noting that it is rich in relationships, ‘where
concepts are linked to other concepts via an elaborate interconnected web of
knowledge’.
The Australian Curriculum summarises the ideas around one’s possession of a
conceptual understanding when they note that students:
Build a robust knowledge of adaptable and transferable mathematical
concepts. They make connections between related concepts and
progressively apply the familiar to develop new ideas. They develop an
understanding of the relationship between the ‘why’ and the ‘how’ of
mathematics. Students build understanding when they connect related
ideas, when they represent concepts in different ways, when they identify
commonalities and differences between aspects of content, when they
describe their thinking mathematically and when they interpret
mathematical information. (Australian Curriculum, n.d.-c)
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Conceptual understanding is characterised by one having a greater knowledge of the
relationships and interconnections of ideas that explain and give meaning to
mathematics (Fennema et al., 1999; Hiebert, 2013; Reys et al., 2012). In addition, Skemp
(2009, p. 42) notes that ‘a concept is a way of processing data which enables the user to
bring past experience usefully to bear on the present situation’.
Van de Walle et al. (2010, p. 27) discuss the important benefits of teaching aimed at this
type of rich understanding. For students, these benefits include; the ability to learn new
concepts and procedures more effectively, having less rules to remember, increasing
retention and recall, enhancing problem-solving abilities and improving attitudes and
beliefs. Conceptual understanding has an affective as well as a cognitive effect on
individuals. In addition to supporting retention and helping to prevent common errors,
conceptual understanding promotes better moods, feelings and attitudes. Van de Walle
et al. (2010, p. 27) state that ‘when the ideas are well understood and make sense, the
learner tends to develop a positive self-concept about his or her ability to learn and
understand mathematics [and] there is no reason to fear or be in awe of knowledge
learned relationally’. If students can make sense of the mathematics presented to them,
that is, to understand mathematical ideas at the conceptual level, they are less likely to
see mathematics as a meaningless set of rules imposed on them by their all-knowing
teacher. Once students successfully understand a mathematics concept, they begin to
trust in their ability to understand other concepts, so the learner makes more effort to
understand, thus establishing a cycle of positive learning, often referred to as success
breeding success.
Another issue facing all teachers, particularly mathematics teachers, is that of the overcrowded curriculum. As Siemon et al. (2001, p. 8) found, this overcrowding ‘provides
little space for connecting, generalising and conjecturing, and the primary focus on
‘doing’, as opposed to inquiry, tends to generate passive learning and poor learning
habits’. PSTs need to be alert in their own teaching that they do not succumb to only
teaching mathematics procedurally, and for the sole aim of helping their students pass a
test. PSTs need to teach for a deeper conceptual understanding, with reasoning and
problem-solving skills central in their teaching. Skemp (2009, p. 42) notes that ‘the
actual construction of a conceptual system is something which individuals have to do for
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themselves’. It is important to note that many mathematics educators believe that
conceptual understanding should be established prior to further developments within a
topic, as this is critical to building fluency and problem solving (Booker et al., 2014;
Gilmore et al., 2018; Skemp, 2009).
There has been a significant shift in recent years in Australian schools and in ITE
programs, towards teaching mathematics conceptually and through a problem solving
approach, rather than by a procedural approach. This teaching focus has been
recommended by prominent mathematics educators such as Siemon et al. (2001),
Booker et al. (2014), Boaler (2014c), Reys et al. (2012) and the Australian Curriculum
(n.d.-c). In addition to the procedural and conceptual aspects of mathematical
proficiency, educators have distinguished further areas of focus needed in order for
students to become competent in mathematics. The Australian Mathematics Curriculum
(Australian Curriculum, n.d.-a) and researchers such as Kilpatrick, Swafford, and Findell
(2001b) and Van de Walle et al. (2010) discuss the importance of students having an
ability to problem-solve, to reason mathematically and to have a productive disposition.
These final three aspects of mathematical proficiency are discussed in the following
section.
2.3.1.3

Strategic Competence (Problem-Solving).

Fennema et al. (1999, p. 315) claim that ‘the goal of mathematics education should be
the development of understanding by all students’ and for this to happen ‘the majority
of the curriculum should be composed of tasks that provide students with problem
situations’. They reason that problem-solving tasks most closely represent the sort of
mathematics that is worth learning and that students are more likely to engage in and
develop understanding when presented with problem-solving scenarios.
Problem-solving, or having strategic competence, is the ability to interpret, formulate,
model, represent, investigate, communicate problem situations and verify that answers
are reasonable (Australian Curriculum, n.d.-a; Kilpatrick et al., 2001b). ‘A student with
strategic competence could not only come up with several approaches to a non-routine
problem … but could also choose flexibly among reasoning , guess-and-check, algebraic,
or other methods’ (Kilpatrick et al., 2001b, p. 127). Van de Walle et al. (2010) state that
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when a student approaches a problem and feels like they ‘could design a strategy to
solve it or try new approaches if one didn’t work, then that is evidence of strategic
competence’ (p. 24).
2.3.1.4

Reasoning.

Students must also be able to reason mathematically. Students who can reason
mathematically can explain their thinking, derive and justify their own strategies, think
logically, reflect, analyse, prove, evaluate, infer and generalise or transfer learning
between different contexts. That is, they can adapt the known to the unknown.
Reasoning mathematically also occurs when one can compare and contrast related
ideas, and clearly and accurately communicate mathematical ideas to others (Australian
Curriculum, n.d.-a; Kilic et al., 2010; Kilpatrick et al., 2001b; McClain, McGatha, & Hodge,
2000; National Council of Teachers of Mathematics (NCTM), 2000). Thames and Ball
(2010, p. 222) note that ‘the capacity to see mathematical ideas from another person’s
perspective and to understand what another person is doing’ involves being able to
reason mathematically. For PSTs, this capacity to understand the mathematical ideas of
others is an important link to their proficiency in MKT.
When students truly engage with mathematical tasks, they assume ownership of the
mathematical knowledge they have constructed. Constructing relationships in
mathematics needs thought and reflection, both of which are assisted by verbal
expression, for as Fennema et al. (1999, p. 313) notes ‘articulation facilitates reflection
because describing (or articulating) how a problem is solved requires thinking about (or
reflecting on) what has been done. Because these mental activities are personal, the
understanding that develops becomes the learner’s own’.
Boaler (2013b) argues that ‘justification and reasoning are two of the acts that lie at the
heart of mathematics’, noting particularly that successful people in the workforce are
those who can discuss and reason, trace back to find and fix errors, estimate and verify
results, produce and interpret different representations and connect with other people’s
mathematical ideas. Discussing the importance of classroom discourse, Kilic et al. (2010,
p. 351) note that ‘instruction that takes place in the mathematics classroom affects
students’ emerging disposition toward math as well as the quality of their learning’.
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The importance of a teacher’s instructional behaviour is of great importance, since
‘teacher facilitation can derail or bring premature closure to students’ talk and thinking,
or it can promote further discussion and extend reasoning’ (Kilic et al., 2010, p. 351). The
best way to promote discourse is to require that students provide explanations and
justify responses by giving them opportunities to ‘make conjectures, share their own
ideas, and hear those of others … articulate and explain – not merely state final answers’
(Kilic et al., 2010, p. 351). This focus is supported by Van de Walle et al. (2010) who note
that if a student was asked to explain or justify their solution to a problem or ‘to reason
about a pattern and tell how [they] knew it would work, [that] this is evidence of
adaptive reasoning’ (p. 24).
2.3.1.5

Disposition – Attitude – Mindset.

Productive Disposition.
The Australian Mathematics Curriculum describes the four proficiencies, discussed
above, as important elements that underpin all content strands within the curriculum
(Australian Curriculum, n.d.-c). However, for students and teachers alike, it is vital they
develop one final component of mathematical proficiency: a productive disposition.
Kilpatrick et al. (2001b, p. 5) describe a productive disposition as an ‘habitual inclination
to see mathematics as sensible, useful, and worthwhile, coupled with a belief in
diligence and one’s own efficacy’. In addition to this definition, Van de Walle et al.
(2010) note that a student has a productive disposition if they display a commitment to
making sense of and persisting with solving problems.
Further research into this final component of mathematical proficiency has revealed the
connection between the terms disposition, attitude and mindset. A productive
disposition can be considered as one’s prevailing tendency towards a positive attitude. A
positive attitude is related to one’s belief in their abilities (Ajzen, 1985; Grivas, 2007;
Pajares, 1992). An individual’s belief in their ability affects their confidence and
motivation to persist with a task and ultimately their mathematical performance (Lee &
Stankov, 2013; Ma & Kishor, 1997; Stankov et al., 2014). In recent times, the term
growth mindset has become popular in the literature. The researcher has aligned the
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term growth mindset with what has been described above as a productive disposition,
or with having a positive attitude. For many years, the researcher noted important
aspects often missing from PSTs studying mathematics: PSTs often reported a lack of
confidence, competence, motivation and persistence, in addition to insufficient content
knowledge. These aforementioned aspects form the basis of the characteristics of
individuals who possess a growth mindset, and will be discussed in depth in the
following sections.
Mindset.
Carol Dweck, a leading expert in motivation and personality psychology describes
mindset as one’s perception of their abilities. In her seminal work on mindset, Dweck
(2006), states that one’s mindset drives every aspect of their life, creating, in fact, their
entire mental world. Mindset, which begins to develop in childhood and continues to
form into adulthood, influences one’s goals and attitudes to work. Ultimately, one’s
mindset is a predictor of whether an individual fulfils their potential. Dweck (2006)
found that individuals possess one of two basic mindsets: either a fixed mindset or a
growth mindset.
If an individual has a fixed mindset, they believe that their talent, ability or intelligence,
is pre-set. Individuals with a fixed mindset towards mathematics often believe that one
either has a maths brain, or they do not have a maths brain, and no matter what one
does this cannot change. People with fixed mindsets feel they must prove themselves
time and again, often needing to show the world they are clever above all else. This view
is supported by Martin (2002a, p. 26) who notes that ‘if students believe that
‘smartness’ involves success with little or no effort, they can be quite unsettled when
they need to do work that is challenging or requires some level of struggle’.
People with a growth mindset believe that intelligence and ability, with time and effort,
will continue to develop. If one has this growth mindset, or positive disposition, they
understand that learning is a journey and that higher levels of success and achievement
will eventuate. The implications of these mindset findings for teachers are far-reaching.
Mindset affects students’ motivation and achievement. Research shows that students
with fixed mindsets generally underperform compared to those with growth mindsets,
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but more importantly individuals can change their mindset at any stage of life (Dweck,
2015). Furthermore, researchers such as Boaler (2013a) and Dweck (2006) discuss ways
in which mindset theories can be taught, so that students develop both in confidence
and competence. These growth mindset theories, while often not new ideas, are
brought to the forefront in this research study.
One’s mindset is related to factors that include one’s beliefs, confidence, motivation and
behaviours towards mathematics. In this study these factors, such as one’s belief in their
own ability and their beliefs about the nature of mathematics, are referred to as noncognitive or mindset factors. These mindset factors influence the fifth proficiency, that
is, one’s disposition. The researcher has made this distinction, since the first phase of
this study will show the effect of the NW intervention program on PSTs’ changes in MCK
related to the first four proficiencies (conceptual understanding, procedural knowledge,
strategic competence and reasoning), and Phase 2 will focus on the fifth proficiency; that
of improving PSTs’ mindset.
Mindset factors such as a student’s confidence and belief in their ability have been
linked to student achievement (discussed later). Boaler (2009) states that mathematics,
more than any other subject, has the power to crush students’ confidence for reasons
related to both ‘the teaching methods that prevail … and the fixed ideas [held] about
mathematics ’ (Boaler, 2014c, p. 1). In fact Boaler (2014c) argues that one of the most
damaging myths transmitted to students, both in their home and in their classroom, is
that mathematics ‘is a gift [and] that some people are naturally good at math and some
are not’ (p. 1). Findings on the effects of mindset have profound implications,
particularly for mathematics teachers and students. Students who believe that
intelligence ‘can be learned’ show higher levels of persistence, engagement and
achievement (Boaler, 2014c; Dweck, 2006). Boaler (2014c, p. 1) strongly suggests that
with good teaching experiences ‘everyone can learn mathematics’ to higher levels.
Jerome Bruner, well known for his contribution to cognitive and educational psychology,
proposed that ‘any subject could be taught to any child at any age in some form that is
honest. One matched the problem to the learner’s capacities or found some aspect of
the problem that could be so matched’ (Bruner, 1977, p. ix). It is with this sentiment that
teachers are responsible for making knowledge accessible to learners, no matter where
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the student’s understanding begins. Bruner was in fact promoting growth mindset
beliefs. In this current age, Boaler (2014c, p. 1), in her work with schools that promote
growth rather than fixed mindsets, notes that ‘a critical requirement is that teachers
offer mathematics as a learning subject, not a performance subject’. It is important to
note here that the researcher believed that offering NW classes devoid of any form of
assessment would allow PSTs to experience mathematics as a learning subject and as
one enthusiastic PST noted: ‘learning is fun when you don’t have to worry about
assessment’ (Ava).
Articles about mindset often incorporate findings from neuroscientific studies. Scientific
evidence on how the brain learns mathematics reveals it has a huge capacity to grow
(Deak, 2015; Dweck, 2006; Organisation for Economic Cooperation and Development
(OECD), 2002; Sousa, 2008; Thompson, 2014). The notion that quality teaching
interventions can improve outcomes for students, is supported by neuroscientists such
as Bruce E. Wexler who states the importance of properly influencing the brain’s
distributed neuro functional systems ‘because [they] form the foundations of cognitive
ability [and] … are not wired at birth, and not determined by our genetics. They’re
profoundly influenced by the type of stimulation and activity that children receive while
growing up’ (Thompson, 2014, para. 3).
The researcher wanted to know how to help students develop a growth mindset.
Questions surrounding students’ attitudes, behaviours, beliefs, motivation and
confidence were central to understanding their mindset. Research about these
attributes showed many and varied definitions, but for the purposes of this study, the
researcher used the definitions as discussed in the following sections.
Attitude.
Attitude deals with a person’s perspective or outlook and can be thought of as their
point of view on a subject or the way they think and behave. Attitude therefore, is
An evaluation (judgement) a person makes about an object, person,
group, event or issue. The evaluation may be positive (e.g. ‘I like …’),
negative (e.g. ‘I don’t like …’) or neutral (e.g. ‘I neither like nor dislike …’).
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Attitudes are learned through experience and, once formed, tend to be
relatively stable and long-lasting. Grivas (2007, p. 13)
An individual’s attitude towards mathematics is a contributing factor to their
achievement level in mathematics. Chen et al. (2018, p. 1) found that a ‘positive attitude
toward math uniquely predicted math achievement’. This groundbreaking
neurocognitive study revealed the influence that a positive attitude has on learning and
academic achievement. In fact, Chen et al. (2018) discovered that the contribution of
positive attitude towards one’s achievement in mathematics is as large as the
contribution from one’s IQ. Their research showed that the hippocampus (an important
memory centre of the brain) functions better when an individual has a positive attitude.
In addition, the international study, Trends in International Mathematics and Science
Study (TIMSS) found that students with positive attitudes and greater self-confidence in
mathematics on average, achieved higher in mathematics (Mullis, Martin, & Foy, 2008).
Educators and parents need to be mindful of the effect their own attitudes have on their
students’ attitudes. Sousa (2008, p. 170) notes that children that hear their parents say
that they themselves were not good at mathematics allows ‘children to embrace the
social attitudes that regard mathematics failure as acceptable and routine’. The
considerable concern for ITE mathematics educators is that ‘many of our future teachers
have developed negative attitudes symptomatic of a self-perpetuating cycle of intergenerational fear, loathing, and ambivalence to mathematics’ (Itter & Meyers, 2016, p.
123). Importantly, research has shown that a teacher’s attitude is the most dominating
factor both on a student’s mathematics anxiety and in the formation of their attitude
toward mathematics (Harper & Daane, 1998; Ruffell, Mason, & Allen, 1998; Sousa,
2008).
Behaviour.
Grivas (2007, p. 17) defines behaviour as one’s ‘responses (e.g. activities, reactions,
movements and so on) made by a living person or animal … emphasising action that can
actually be seen and measured … whereas thoughts and feelings … cannot be observed
directly’. In short, behaviour refers to how an individual acts. In this study, the
researcher is interested in a student’s behavioural response when faced with a
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mathematics problem. Whilst fear is a strong instinctive feeling, that is, an emotion
(Moore, 2009), it is the association that this particular emotion has with one’s thoughts,
disposition, motivation and behaviour that is of most interest in this study.
Research in the area of cognitive neuroscience shows that emotions influence cognitive
ability (Organisation for Economic Cooperation and Development (OECD), 2002; Sousa,
2008; Thompson, 2014). When an individual becomes anxious, cortisol is released into
the bloodstream causing an increase in heart rate and other physical indicators of stress.
Learning or processing mathematical operations is no longer at the forefront, since the
body’s responses are trying to deal with the ‘threat’. The individual cannot focus
effectively on the mathematical task since their anxiety has disrupted their working
memory (Ashcraft & Kirk, 2001; Skemp, 2009, p. 191; Sousa, 2008). Students often refer
to this inability to do maths as having a mental block.
Beliefs.
Beliefs can be described as a person’s conviction of what they think is true about
something. This idea or certainty, that is, their belief, is not necessarily based on facts.
Beliefs are deeply held and resistant to change, and are the basis of the formation of
one’s attitudes or action agendas (Ajzen, 1985; Grivas, 2007; Pajares, 1992). Research by
Chen et al. (2018) showed that if individuals have both a strong interest and selfperceived ability in mathematics, this resulted in them having enhanced memory
capabilities and more efficient engagement with problem-solving. Furthermore, this
belief in one’s own mathematical ability affects one’s mathematical performance
through its link with motivation (Lee & Stankov, 2013; Ma & Kishor, 1997; Stankov et al.,
2014). In the Programme for International Student Assessment (PISA), mathematical
performance of 15-year old students was significantly positively correlated to
mathematical self-concept (Organisation for Economic Cooperation and Development
(OECD), 2004).
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Self-Efficacy and Teacher’s Self-Efficacy.
Whilst having deep content knowledge is undoubtedly important in teaching, the second
important self-belief factor that needs consideration is teacher efficacy (Newton,
Leonard, Evans, & Eastburn, 2012). Efficacy, a term often associated within education
circles, is discussed here for its relationship to one’s beliefs. Self-efficacy is defined as
one’s beliefs about their capacity to execute tasks to achieve specific goals or to produce
an outcome (Bandura, 1997; Stankov et al., 2014). When assessing self-efficacy, the
participant is not required to solve the problem, but simply judge their level of belief in
statements such as ‘I am sure I can do difficult work in my mathematics class’ (Stankov
et al., 2014, p. 10). One’s self-efficacy is a particularly important consideration for
mathematics students because of its relationship to one’s motivation and persistence to
complete a task. This notion is supported in the hypothesis that:
Expectations of personal efficacy determine whether coping behavior will
be initiated, how much effort will be expended, and how long it will be
sustained in the face of obstacles and aversion experiences. Persistence in
activities that are subjectively threatening but in fact relatively safe
produces, through experiences of mastery, further enhancement of selfefficacy and corresponding reductions in defensive behavior. (Bandura,
1977, p. 191)
Expectations of self-efficacy are derived from four main sources of information,
described below, since the NW and PM program relied on these aspects:
-

Performance accomplishments (mastery experiences) – successes
obtained from actual practice (e.g. microteaching)

-

Vicarious experience – acquired by observation of a specific behaviour
(e.g. observing peers as they teach)

-

Verbal persuasion – extrinsic motivation such as encouragement or
praise, often from peers or teachers

-

Physiological states (affective states) – stress and emotion, in
particular, influence efficacy. (Bandura, 1977; Bandura, 1997)
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In this study, self-efficacy, that is one’s beliefs about their ability to perform the
mathematics they need for themselves, will be referred to as a PSTs’ belief in their
mathematical ability – which is only one component of their disposition towards
mathematics.
In contrast, teacher efficacy has been defined by Charalambous, Philippou, and
Kyriakides (2008, p. 126) to be ‘a teacher’s sense of ability to organize and execute
teaching that promotes learning’. In this study, teacher efficacy will be considered in
terms of a PSTs’ belief in their ability to teach successfully. A PST’s belief is important for
its relationship with their pedagogical proficiency, or their MKT. Teacher efficacy is
linked with their own willingness to try new methods and to persist with students who
struggle. Teacher efficacy, therefore, influences students’ motivation and their
achievement (Haney, Lumpe, Czerniak, & Egan, 2002).
Motivation.
Motivation is what drives an individual to behave a certain way. In terms of schooling,
motivation can be described as a student’s energy and drive to learn, work hard and
achieve to their potential (Martin, 2001, 2002b; Richards, 2009). The behaviours that
follow from motivation affect a student’s interest in and enjoyment of school and study
as well as affecting their achievement (Martin, 2002b).
Grivas (2007, p. 87) defines motivation as the ‘processes that activate, direct and sustain
behaviour towards achieving a particular goal’. Research surrounding the concept of
motivation is extensive. Grivas (2007, p. 87) notes that motivation ‘provides a focus by
which psychologists can systematically explain why a particular behaviour arises, the
direction it takes, and why it persists’. Skemp (2009, p. 195) confirms the notion that
motivation which is actually based in one’s needs, drives one to achieve certain goals,
adding that mathematics is seen by most adults as an important tool in attaining future
employment. PSTs are aware of the role that mathematics will play in their future career
and many see the need to remedy problems they may be having with mathematics.
These PSTs are motivated to participate in an intervention program outside of their
regular subjects.
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Researchers use a number of constructs to measure motivation such as: self-belief,
learning focus, value of schooling, persistence, anxiety, and avoidance (Martin, 2001).
Whilst measuring motivation is not the focus of this study, these ideas are presented to
show the connections between motivation, self-belief, anxiety and behaviour that have
formed the model for this research study (see section 2.3.3 below). The concern for this
study is the link between motivation and a student’s academic performance. Wigfield
and Eccles (2000, p. 68) discuss motivation theorists’ argument that an ‘individuals’
choice, persistence, and performance can be explained by their beliefs about how well
they will do on the activity and the extent to which they value the activity’. This
relationship between motivation, beliefs and ultimately achievement, is of particular
interest in this study.
Finally, Gilmore et al. (2018, p. 109) note that ‘mathematics anxiety severely affects a
person’s motivation and ability to engage with numerical and mathematical activities’.
Therefore, an intervention program that aims to reduce mathematics anxiety is most
desirable. The NW program that had for many years focused on improving PSTs’ content
knowledge, for this study, would begin to focus equally on improving PSTs’ motivation
along with the other mindset factors discussed.
Confidence.
‘We must never forget the contribution that understanding makes to confidence in a new
situation’ (Skemp, 2009, p. 395).
A student that understands their schoolwork feels that school is a safe place, because as
Skemp (2009, p. 374) notes ‘confidence signals competence [and the] ability to move
toward a goal state’. Confidence is defined as ‘the extent to which one believes that a
task has just been completed correctly’ (Gilmore et al., 2018, p. 117). A lack of selfconfidence has a flow on effect for as Stankov et al. (2014, p. 26) note ‘students who
repeatedly underestimate their performance (i.e. are underconfident) may soon lose
motivation for learning’. As discussed in the previous section, motivation affects a
learner’s behaviour and ultimately their achievement. In fact, confidence, this sureness
of self, is the strongest predictor of academic performance (Stankov et al., 2014).
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Mathematics anxiety can be attributed to past or present negative experiences in
mathematics classes, to individuals’ lack of confidence with numbers and to a ‘fear of
failure that often stems from having a lack of confidence’ (Sousa, 2008, p. 171). When
teachers lack confidence in their own mathematics ability, they inadvertently pass this
fear on to their students. It is imperative that preservice teachers develop this
confidence in teaching mathematics before they enter the workforce (Sousa, 2008).
How can a teacher help students improve their confidence? Skemp (2009, p. 191) notes
that ‘a good teacher can, by initially asking questions that the learner can answer,
reduce anxiety and build up confidence, and thereby improve the performance’. The NW
program and the NWB were organized in such a way that learners would begin with
mathematics problems that were relatively easy to answer, thereby allowing PSTs to
gain much needed confidence, before challenging them towards more difficult
problems.
2.3.2

Summary of Mathematical Proficiency - Interwoven Components of MCK.

Students learn best when they have high levels of confidence and self-esteem, when
they are strongly motivated to learn and when they are able to learn in an environment
characterised by ‘high challenge coupled with low threat’ (Organisation for Economic
Cooperation and Development (OECD), 2002, p. 24). These conditions were fostered
within the NW program.
The definitions of mathematical literacy and numeracy (by PISA and PIAAC, discussed in
section 2.1.) encompass the five competencies that are central to this study, that is, that
in order to be mathematically proficient, one must possess a conceptual understanding,
a procedural fluency, strategic competence, adaptive reasoning and a productive
disposition. These five components are inextricably linked with each other. As Kilpatrick
et al. (2001b) note:
The most important observation we make about these five strands is that they are
interwoven and interdependent. This observation has implications for how students
acquire mathematical proficiency, how teachers develop that proficiency in their
students, and how teachers are educated to achieve that goal. (p. 5)
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For children to become competent in all five proficiencies, it is vital that their teachers
are also competent in each of these aspects. Furthermore, before PSTs can begin to
understand the complexities of how to teach mathematics (MKT), they need to be
proficient in mathematics for themselves (MCK). For the purposes of this paper, MCK is
understood to encompass the five proficiencies: possessing procedural knowledge,
conceptual understanding, strategic competence, reasoning abilities and a productive
disposition (growth mindset). Attempts to understand how to help PSTs develop the
fifth proficiency, resulted in a search of the literature for information regarding
attitudes, beliefs, behaviours, motivation and confidence, and how these factors affect
an individual’s achievement in mathematics. Additionally, these factors are influenced
by and contribute to one’s mathematics anxiety.
The researcher developed the model below (see Figure 2.1) in order to understand the
relationship between these factors. An individual’s achievement in mathematics, that is,
their conceptual and procedural understanding, their strategic competence and their
reasoning abilities, is influenced by non-cognitive factors such as their attitudes, beliefs,
behaviours, motivation and confidence. Their past experiences with mathematics and
any mathematics anxiety they possess affect achievement. The researcher was keen to
study the possible changes in these factors over the course of the numeracy intervention
program.
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2.3.3

Interwoven Components of the Mindset Model.

The complex interplay between the mindset factors is best depicted using the image of a
spider’s web – since each factor affects all others in some way.
Confidence – the extent to
which one believes in their
ability to complete a task
correctly. Mathematics
anxiety can be, in part,
attributed to a lack of
confidence

Attitude – disposition – a
person’s evaluation of
mathematics learned
through experience. Long
lasting. Contributing factor
to achievement

Belief – what a person thinks
is true about mathematics:
not based on fact, deeply held
& resistant to change.
Positive belief results in
enhanced memory & more
efficient problem solving and
related to math performance

Anxiety in
Mathematics –
negatively
associated with
achievement &
disrupts working
memory

Motivation – processes that
activate, direct & sustain
behaviour towards achieving a
goal. Can help explain why a
behaviour arises, the direction
it takes & why it persists.
Mathematics anxiety severely
affects motivation.

Achievement
in
mathematics

Behaviour – physical
reaction to mathematics
(cortisol increase)
Disruption to working
memory and Processing
mathematical operations

Figure 2.1: Mindset Factors affecting Achievement in Mathematics
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2.3.4

Mathematical Knowledge for Teaching (MKT).

This section considers the second element important in teaching: the knowledge of how
to teach mathematics successfully. Skemp delves into the importance of quality teaching
when he says:
This makes the learning of mathematics, especially in its early stages and
for the average student, very dependent on good teaching. Now, to know
mathematics is one thing and to be able to teach it – to communicate it to
those at a lower conceptual level – is quite another; and I believe that it is
the latter which is most lacking at the moment. As a result, many people
acquire at school a lifelong dislike, even fear of mathematics. (Skemp,
2009, p. 52)
In his influential work on this topic, Shulman (1986) confirmed the importance of
teachers being competent in both subject matter and pedagogical skill. He noted that it
is only in modern times that these two areas have been considered separately. In his
analyses of teacher tests used in 1875 (California State Board examination for
elementary school teachers), Shulman found that whilst the tests contained over 20
different categories, only one tested pedagogical practice. The value of this category was
a mere 50 out of a possible 1000 points. In fact, Shulman noted that ‘ninety to ninetyfive percent of the test is on the content, the subject matter to be taught’ and therefore
at that time, theories and methods of teaching, whilst important, played a ‘decidedly
secondary role in the qualification of a teacher’ and that ‘pedagogy was essentially
ignored’ (Shulman, 1986, p. 5).
The emphasis in the 1980s shifted away from subject matter knowledge. Shulman (1986,
p. 6) notes that ‘no one asked how subject matter was transformed from the knowledge
of the teacher into the content of instruction’. Shulman (1986) questioned the
separation between content and pedagogy noting that medieval universities made no
such distinction between ‘what is known’ and ‘how to teach it’ and that ‘content and
pedagogy were part of one indistinguishable body of understanding’ (Shulman, 1986, p.
6). In fact, Shulman (1986, p. 7), citing Ong, notes that candidates demonstrated they
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possessed the highest level of subject matter competence by ‘demonstrating the ability
to teach the subject’.
Shulman (1986) discusses the notion that teaching is the highest form of scholarship,
giving the example that a master craftsman is superior not only because of the theory he
possesses, but because he knows the reasons for that theory. Shulman (1986, p. 7) cites
Wheelwright: ‘what distinguishes the man who knows from the ignorant man is an
ability to teach’. In this most prominent work, Shulman (1986), introduces the three
domains important for teachers’ knowledge: subject matter knowledge, pedagogical
content knowledge and curricular knowledge. Since this initial work by Shulman, many
other important studies have developed conceptions of the sort of knowledge required
of teachers (Ball, Thames, & Phelps, 2008; L. Ma, 1999; Schoenfeld & Kilpatrick, 2008;
Thames & Ball, 2010). In their paper ‘What math knowledge does teaching require?’,
Thames and Ball (2010) note that
Beyond being well versed in the content of the curriculum, teachers need significant
mathematical skill, perspective, and judgement … teaching requires being able to
answer children’s “why” questions: why do we find common denominators when
adding fractions but not when multiplying them? (p. 223)
Thames and Ball (2010) argue that the demanding task of effectively helping others learn
is a specialised skill. Mathematics teachers need to be able to pose mathematical
questions, choose and use appropriate representations and be able to appraise
students’ unconventional ideas. Researchers continue attempts to classify the domains
of MKT. Ball et al. (2008) and Thames and Ball (2010) discuss two distinguishable
domains; subject matter knowledge and pedagogical knowledge, discussed below.
2.3.4.1
i.

Subject Matter Knowledge – The 3 components.
Common Content Knowledge (CCK) - this is knowledge used in settings other
than classrooms e.g. how to perform a particular calculation (procedural
knowledge), definitions of concepts, simple representations, knowing
whether a student’s answer is correct (Ball et al., 2008; Thames & Ball, 2010).
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ii.

Knowledge at the mathematical horizon (HCK) – affords a ‘kind of
mathematical “peripheral vision” … that teaching requires’ (Ball & Bass, 2009,
p. 1). HCK entails knowing more than the standard way of teaching a concept,
understanding other’s perspectives on the topic, perhaps how other cultures
would perform calculations. This knowledge may not necessarily be used to
teach one’s students, but the teacher will have a deeper, conceptual
understanding for themselves.

iii.

Specialized Content Knowledge (SCK) – is ‘a type of knowledge exclusive to
teachers’ (Carrillo-Yañez et al., 2018, p. 238). Notably, SCK involves the ability
to make sense of other people’s solutions, to model specific aspects of a
concept, to define mathematical terms correctly and in easy to understand
ways. ‘SCK recognises the specialised nature of the teacher’s mathematical
knowledge as opposed to the mathematical knowledge required by other
professionals that use mathematics’ (Carrillo-Yañez et al., 2018, p. 238).

2.3.4.2

Pedagogical Content Knowledge (PCK).

Knowing the subject matter is undoubtedly a vital part of what constitutes an effective
teacher. However, at the core of great teaching is the knowledge of how to teach that
subject matter. Bruner sums this sentiment when he states:
There is a vast amount of skilled activity required of a “teacher” to get a learner to
discover on his own – scaffolding the task in a way that assures that only those parts
of the task within the child’s reach are left unresolved, and knowing what elements
of a solution the child will recognize though he cannot yet perform them. (Bruner,
1977, p. xiv)
PCK is a type of knowledge that ‘blends content knowledge with pedagogical knowledge
(Shulman, 1986; Thames & Ball, 2010) and consists of:
i.

Knowledge of Content and Students (KCS) – ‘includes the teacher’s capacity
to foresee what will strike the students as easy, challenging, interesting or
motivating’ (Carrillo-Yañez et al., 2018, p. 238).
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ii.

Knowledge of Content and Teaching (KCT) – ‘considers the knowledge that
guides teachers in negotiating the specifics of the lesson, such as to
emphasise or clarify a particular mathematical idea’ (Carrillo-Yañez et al.,
2018, p. 238).

iii.

Knowledge of Content and Curriculum (KCC) – ‘is comprised of the knowledge
employed in determining the direction which the students’ learning should
take, and they type pf content they should learn’. (Carrillo-Yañez et al., 2018,
p. 238).

The researcher acknowledges that there are other models presented in the literature
that redefine the domains of MKT. For example, Carrillo-Yañez et al. (2018) note a
number of shortcomings of the model by Ball et al. (2008). The first is whether particular
elements are in fact, exclusive to teachers of mathematics. The second is the tendency
for subdomains to overlap. For the purposes of this study, the Ball et al. (2008) model
has been used as a basis for studying MKT with the mentors in the program because it
resonated most with the aims of this project (see Figure 2.3).

2.4. MCK and MKT in this study

In the ‘Australian Education Review: Building quality in teaching and teacher education’,
Bahr and Mellor (2016, p. 10) discuss how educators need to understand and develop
certain attributes that ensure they have a greater influence on their students ‘not only
for the knowledge and concepts to be learned but also for their conceptions and beliefs
of themselves as effective learners’. However, Bahr and Mellor (2016, p. 58) note the
lack of research, both nationally and internationally, in ‘providing a definition and
explanation of quality teaching or of the attributes of a quality teacher’, noting also that
there is an ‘assumption that quality teaching as a concept is clear’ (Bahr & Mellor, 2016,
p. 58). Therefore, in order to explicitly define and hence assess improvements in teacher
quality, research is required in this area. Bahr and Mellor (2016) believe this cannot be
addressed through a competency-based standards system but by some alternative
method. One of the aims of this study is to help increase the understanding of what
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constitutes quality mathematics teaching, hence the investigation of attributes and roles
of effective mathematics teachers.
The researcher is not only interested in the PSTs’ mathematical proficiency, MCK,
(discussed previously in section 2.3.1 above), but also in the equally important area of
mathematical pedagogy, or MKT. In other words, PSTs need to develop their proficiency
in both their learning and their teaching of mathematics, for as Bahr and Mellor (2016,
p. 58) state ‘quality teaching cannot exist where teacher knowledge is weak, flawed or
patchy, and neither can it exist where a teacher does not have appropriate pedagogical
skills’. Furthermore, whilst having a good theoretical understanding of MKT, it is
imperative that PSTs be given sufficient opportunities to put these theories into practise.
Core mathematics subjects provide ample theoretical knowledge of how best to teach
mathematics. However, PSTs often note the lack of much-needed practical experience
within their course. This study aims to address this ‘problem of moving from intellectual
understanding of the theory to enactment in practice’ (Korthagen, 2017, p. 388).
Figure 2.2 and Figure 2.3 below, based on the literature around these topics, were used
to assist the mentors in understanding the components of MCK and MKT. These
diagrams illustrate the type of knowledge that PSTs need to become proficient teachers
of mathematics. In the early years of their undergraduate degree, PSTs need to focus on
attaining MCK, whilst in later years, their proficiency in MKT can be established.
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Conceptual*
Procedural*
Mathematical Content
Knowledge (MCK)*

Strategic
Competence*

Attitude

Adaptive
Reasoning*

Behaviour

Productive
Disposition*

Mindset

Belief (Selfefficacy)
Motivation
Confidence

Figure 2.2: Mathematical Content Knowledge (MCK)

*Based on the work of Kilpatrick et al. (2001b)
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Common Content
Knowledge (CCT)

Subject Matter Knowledge
(SMK)

Horizon Content
Knowledge (HCK)

Specialised Content
Knowledge (SCK)
Mathematical Knowledge
for Teaching (MKT)*
Kowledge of Content &
Students (KCS)

Pedagogical Content
Knowledge (PCK)

Knowledge of Content &
Teaching (KCT)

Knowledge of Content &
Curriculum (KCC)

Figure 2.3: Mathematical Knowledge for Teaching (MKT)
*Based on the work of Ball et al. (2008) and Thames and Ball (2010)

Individual PSTs, at any stage of their undergraduate degree, will have varying levels of
proficiency in their MCK and MKT. Their core mathematics subjects, whilst attempting to
address aspects of both MCK and MKT, have not been successful in helping every PST.
The NW program (pre-2015) sought to address the shortcomings in MCK, in particular,
the first four components of mathematical proficiency (procedural knowledge,
conceptual understanding, strategic competence and adaptive reasoning). However, the
researcher felt that more needed to be done to improve the fifth component, that is, to
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assist PSTs develop a productive disposition, or in other words a growth mindset.
Furthermore, the researcher wanted to give PSTs more opportunities to practise the art
of teaching mathematics hence the development of the mentoring partnership program.
The three phases of this study evolved from these desires.
Phase 1 of this study investigates the impact that the NWs have had in terms of the first
four proficiencies (procedural and conceptual understanding, strategic competence and
reasoning). Phase 2 of this study will focus particular attention on the development of
PSTs’ disposition (the fifth proficiency), that is, their mindset. In particular, the
researcher will explore the change in first-year PSTs’ attitudes, behaviours, beliefs,
motivation, and confidence. The vehicle used to develop this growth mindset would be
the mentoring partnership within the numeracy workshop program. Phase 3 of this
study explores the mathematical knowledge required for teaching. Specifically, the
mentors’ will examine the attributes needed in order to teach mathematics effectively,
the roles they assumed as mentors, and why the peer-mentored numeracy intervention
program is a vital inclusion in their course.

2.5. Theories of Learning – Social Constructivism

The basis of the pedagogical approach to this study is social constructivist theory.
Pritchard and Woollard (2010) note the long history attached to constructive thought
when they cite Walsh on the writings of Buddha (560-477 BC): ‘We are what we think.
All that we are arises within our thoughts. With our thoughts we make the world’ (p. 2).
Researchers, scholars and teachers will agree that the best lessons occur when a student
actively tries to make sense of material presented to them, rather than the case when a
student passively receives information from the teacher. The realisation that learning
occurs best when students construct their own understandings, and make their own
interpretations based on their own experiences, was a major catalyst to the wide-scale
adoption of the constructivism paradigm as a learning theory for mathematics
education.
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The beginnings of the modern constructivist movement lie with Jean Piaget (1896-1980).
Piaget believed that cognitive development took place throughout a series of stages
characterised by specific modes of learning. He believed this progression was purely a
biological process and that no amount of teaching could accelerate this progress. Van de
Walle et al. (2010, p. 20) states that ‘at the heart of constructivism is the notion that
children (or any learners) are not blank slates but rather creators of their own learning’.
Whilst many of Piaget’s ideas have been challenged, his leading message highlighted the
importance of learners actively constructing their own knowledge: ‘the role of the
teacher was no longer seen to be the transmitter of knowledge, and the role of the
learner was no longer simply to practise that which had been transmitted.’ (Bobis et al.,
2009, p. 7). Piaget’s work lay the foundations for what was to later become the theory of
social constructivism. Bobis et al. (2009, p. 6) states that ‘Bruner (1986) saw learning as a
developing process that could be influenced by teaching … [and] Vygotsy (1978) …
emphasised the influence of learning on development … [and] viewed social interaction
as a crucial source of opportunities to learn mathematics’. Whilst there are differences
between Piaget’s cognitive constructivist and Vygotsky’s social constructivist theories,
‘when considering classroom practices that maximize opportunities to construct ideas,
or to provide tools to promote mediation, they are quite similar’ (Van de Walle et al.,
2010, p. 21). Van de Walle et al. (2010, p. 21) note that ‘a learning theory is not a
teaching strategy, but the theory informs teaching’. The concepts unique to sociocultural
theory that align most with the researcher’s beliefs will be discussed briefly below.
Bobis et al. (2009, p. 7) note that ‘many prominent mathematics researchers and
educators of today’ support the notion that learners are active constructors of their own
knowledge. These theories also underpin major recommendations for teaching in
curriculum documents from around the world, such as the Australian Education Council
(AEC) and the National Council of Teachers of Mathematics (NCTM). The Three basic
tenets of constructivism are:
1. Knowledge is not passively received, but actively constructed by the learner.
This belief means that students do not merely absorb information, but rather construct
knowledge from things they experience. Bobis et al. (2009, p. 8) note that ‘students use
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their prior knowledge to construct new meaning. According to Piaget (1963), children
filter and interpret new information in terms of what they already understand.
Mathematics learnt in this manner, then, should make sense’.
2. Students can construct new knowledge through reflection upon their physical and
mental actions
Bobis et al. (2009, p. 8) note that this tenet ‘draws its influence from the work of Dienes
(1960) [who] emphasized the development of abstract concepts and generalisations
derived from students’ reflections upon existing knowledge.’
3. Learning is a social process
This tenet highlights the importance of social interaction in the learning process. Bobis et
al. (2009, p. 8) note that the ‘practical implications … are for teachers to encourage
classroom discussion and provide opportunities for the sharing of ideas, explanations,
and opinions so that some common understandings might be reached by all involved.’
This perspective, that mathematics is learned by individuals constructing ideas,
processes and understandings for themselves, rather than through the transference of
preformed knowledge from teacher to learner, is now the prevailing theory of how
mathematics is learnt.
Teachers constantly strive to understand how their students learn. Vygotsky’s work in
this area has added much to teachers’ understanding of their students’ cognitive
development. Vygotsky identified three concepts, discussed here because the
development of the intervention program relied heavily on these influences. The zone of
proximal development, the first of these concepts, ‘describes the range of difficulty of
tasks that are too hard for the learner to complete alone, but can be completed
successfully with the appropriate assistance of someone more knowledgeable’ (Louis,
2009, p. 20). According to Vygotsky, cognitive development will only occur when a
learner is confronted by a task that lies within this zone. Tasks that are too easy or too
hard result in no cognitive development. Scaffolding, the second of Vygotsky’s concepts,
describes the ‘nature of the assistance given by the more knowledgeable person’ (Louis,
2009, p. 20). The greatest cognitive development occurs when a learner is given a high
level of assistance initially, but this assistance is gradually reduced as their skills improve.
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The third concept is that of psychological tools: ‘intellectual mechanisms or operations
which we use to examine our environment and interact with others’ (Louis, 2009, p. 20).
Examples of these psychological tools are ‘formulae, written language, symbols, maps, …
oral language’ (Gredler & Shields, 2004, p. 21).
Vygotsky contends that in order to produce cognitive development, all three concepts
require effective social interactions, which must be fostered by teachers. Teachers
should encourage the extensive use of language and learners working in pairs or groups
(Louis, 2009). Such tutoring and mentoring arrangements allow for Vygotsky’s belief that
‘through others we become ourselves’ (Louis, 2009, p. 21).
The importance of focusing on numeracy, specifically during dedicated numeracy
workshop sessions, is so that PSTs can see from the very beginning the best methods of
learning and therefore teaching mathematics. Booker et al. (2014, p. 15) note that
‘rather than merely being a simple collection of disconnected number facts and
computational algorithms, numeracy establishes the basis on which future mathematical
thinking is constructed.’
In summary, this study is based on the knowledge that learning requires that students
‘actively participate through critical engagement with new ideas’ (Billett & Martin, 2018,
p. 1) resulting in deeper understanding and application of concepts. Teachers must
structure lessons in ways that will foster student’s engagement, as noted by Biggs and
Tang (2011):
Structural aspects of teaching include variety and pacing. If students are to learn
complex ideas, they will need varied presentations, where the same concepts are
addressed from different angles, using different examples. They also need the
learning sessions to be well paced. (p. 69)
The aforementioned structural aspects of teaching, along with the way teachers interact
with students, form the two most important aspects of teacher quality (Biggs & Tang,
2011, p. 69). This notion is supported by Meyers and Nulty (2009, p. 566) when they
state that ‘high quality learning outcomes should result from the interplay between
students’ learning efforts, the curricula and the teaching methods used’. High quality
learning does not result from ‘transmission-based approaches to schooling, in which
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students [are] reduced to the roles of being passive receivers of knowledge’ (Kemmis,
McTaggart, & Nixon, 2014, p. 14). Kemmis et al. (2014) note that educational leaders, in
the beginning of the twentieth century, popularised activity-based approaches to
schooling, founded on ideas from well-known philosopher and educator John Dewey.
Teachers were encouraged to support the ‘notion that the curriculum should be
negotiated with students, not just served to them’ (Kemmis et al., 2014, p. 14).

2.6. Mentoring Partnership

2.6.1

Mentoring.

Mentoring can be traced back to a practice of the ancient Greeks and ‘arrangements
which have some of the features of present day tutoring have been reported from
ancient Rome and in the early practices of Judaism’ (Topping, 1988, pp. 12-13). Research
on the definition of what it is to mentor in today’s climate, shows it to be a continually
evolving characterisation of a teaching situation. Mentoring definitions include that of a
surrogate teacher, where a more able person is used to teach a less abled person.
Falchikov (2012, p. 40) expands on this definition by quoting Topping who states that
‘mentoring involves a one-to-one supportive relationship between the student and
another person of greater ability, achievement or experience’. Researchers such as Kram
and Isabella (1985) and Jacobi (1991) discuss the traditional mentoring model, in which a
more experienced, and usually older, person, serves in either a task or career-related
function, or a psychosocial function. In the first instance, a mentor would provide advice,
support, and information on how to complete a task, professional development, and
career success. In the latter, a mentor would provide emotional and psychosocial
support. This concept that a mentor can assume many roles is of particular interest to
this study.
2.6.2

Peer Mentoring.

Topping (1988, p. 13) notes that ‘the first systematic use of peer tutoring in the world is
undoubtedly associated with the name of Andrew Bell’, whose work in 1789 with
orphaned children was ahead of its time. About 20 years later, Joseph Lancaster opened
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his first school for disadvantaged boys in London. Lancaster developed and disseminated
the innovative work of Bell. ‘Bell reported in 1817 that in England and Wales about
100000 children were being taught by the ‘Bell-Lancaster’ system’ (Topping, 1988, p.
14). Thus began a system of intervention that used peers in a collaborative way to assist
with teaching and learning. Skemp (2009, p. 398) discusses peer-group interaction as a
learning situation that provides a good emotional climate for intelligent learning and ‘a
shared mathematical experience that gives rise to discussion, mutual help, and
explanation’.
Over time, the use of students as peer mentors has become an increasingly important
support for learners. Of particular interest in this study, is the use of peer mentors in
higher education. Terrion and Leonard, in their work on the characteristics of students
as peer mentors in higher education, discuss the effectiveness and success in retention
of vulnerable students. They note the work of Kram (1983) that ‘peer mentoring, in
which qualified students provide guidance and support to vulnerable students to enable
them to navigate through their education … is regarded as an effective intervention’
(Terrion & Leonard, 2007, p. 149) in ensuring positive outcomes such as improved
retention rates, increased academic success and a better educational experience.
The following definition of peer mentoring, based on the work of Kram (1983), is well
suited to the type of mentoring occurring in this study. Peer mentoring is:
a helping relationship in which two individuals of similar age and/or
experience come together, either informally or through formal mentoring
schemes, in the pursuit of fulfilling some combination of functions that are
career-related (e.g. information sharing, career strategizing) and
psychosocial (e.g. confirmation, emotional support, personal feedback,
friendship). (Terrion & Leonard, 2007, p. 150)
Of further interest in this study, are the benefits that both mentor and mentee attain
during this shared activity. Topping (2005, p. 632) notes that when students who are not
yet professional teachers help others to learn, in so doing, also learn themselves. This
notion is supported by earlier work from Topping (1996, p. 324) who quotes the oftenheard phrase ‘learning by teaching’ in its extended form from another old saying: ‘to
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teach is to learn twice’. The researcher felt that this mentoring partnership would allow
PSTs to practise the art of teaching, and thus could potentially result in an innovative
method for PSTs to consolidate both their MCK and MKT.
The researcher wanted to investigate the particular attributes of the mentors and the
roles they assumed within the program. In terms of responsibilities in the mentoring
relationship, Kehoe (2007) notes that mentors act as catalysts and facilitators of learning
whilst mentees need to be responsible for their own learning. In this supportive process,
the mentor learns with the mentee. In fact, mentors, it was suspected, would facilitate
students’ conceptual development by practising two important features of classroom
teaching: the ‘explicit attention to connections among ideas, facts and processes, and
engagement of students struggling with mathematics’ (Hiebert & Grouws, 2007, p. 391).
The numeracy workshops with the addition of peers as mentors would promote these
two essential classroom features.
2.6.3

Partnerships.

Levy, Little, and Whelan (2010, p. 3) quote Ramsden when they state that academics
have argued that the future of higher education must be based on ‘engaged partnership
and shared responsibility between academics and students’. Studies have shown that
when students are genuine collaborators in their education, they become more
engaged, show greater development in skill acquisition and knowledge, and show a
greater support for their education (Barnes, Goldring, Bestwick, & Wood, 2010). This
notion is supported by Billett and Martin (2018, p. 1) who state that ‘students today are
more expectant of teaching and learning opportunities that see the acquisition of
knowledge as being built via a partnership model’.
Higher education institutions aspire to have graduates who possess critical judgment,
self-belief, show initiative and can think independently. These outcomes ‘depend on
opportunities for active student engagement and shared responsibility between
educator and student’ (Levy et al., 2010, p. 2). PSTs along with their own educators share
a common goal: to ensure they produce high calibre teachers on graduation. It makes
sense that a collaborative action, a meaningful partnership, would have a positive effect
on all parties concerned: ‘The idea of staff-student partnership implies shared
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responsibility and cooperative or collaborative action, in relation to shared purposes’
(Levy et al., 2010, p. 1).
One of the key proposals put forward by Craven et al. (2014), in terms of PSTs being able
to integrate theory and practice, is that these two aspects ‘must be inseparable and
mutually reinforced in all program components’ (p. xiii). This proposal recommends that
providers work with schools to ‘establish structured and mutually beneficial
partnerships’ (p. xiii) but that this should be strengthened within the university setting:
‘These partnerships will set criteria for professional experience across a range of
classroom situations, and include mentoring and support for pre-service teacher
graduates’ (Craven et al., 2014, p. xiii).
Finally, Barnes et al. (2010) note the importance of creating meaningful partnerships
between staff and students in order to maximize inclusivity and the effectiveness of
educational change, suggesting that ‘students have a positive effect on the curriculum
when they are treated as partners by staff … and their roles and responsibilities are
clearly defined’ (Barnes et al., 2010, p. 16).
2.6.4

Collaboration and Communities of Practice.

Partnerships involve collaboration between people and can take many forms, varying
according to such things as purpose and duration. A partnership that occurs over a
longer period is called a collaboration. Collaboration exists when individuals or groups
‘work together on long-term projects to achieve complex and interdependent goals’
(McCormack & Smith-Tamaray, 2018, p. 219). In order to achieve common goals and
professional growth, successful collaborations involve establishing relationships and
equality within the partnerships, shared decision-making and sharing of resources,
knowledge and skills (Friend & Cook, 2000).
It is important to note the commonalities between a collaboration and the educational
learning theory, known as a community of practice (COP). Wenger-Trayner and WengerTrayner (2015, p. 1) define COP as ‘groups of people who share a concern or a passion
for something they do and learn how to do it better as they interact regularly’. The
concepts underlying COP align with social constructivist learning theories. Learning
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occurs collectively, by participating in social situations, and knowledge is created by
linking new information with existing information (McCormack & Smith-Tamaray, 2018;
Wenger-Trayner & Wenger-Trayner, 2015).
Wenger-Trayner and Wenger-Trayner (2015) propose that COP have three crucial
characteristics that need to develop simultaneously. Members of a COP need to share a
- domain: a common area of interest to which members are committed; ‘they value
their collective competence and learn from each other’ (p. 2)
- community: members ‘engage in joint activities and discussions’ (p. 2), building
caring relationships from which they can learn from each other.
- practice: since members are practitioners, ‘they develop a shared repertoire of
resources: experiences, stories, tools, ways of addressing recurring problems’ (p. 2).
This shared practice ‘takes time and sustained interaction’ (Wenger-Trayner &
Wenger-Trayner, 2015, p. 2)
The fundamental way that those involved develop, clarify and practise their skills and
knowledge is through this constant, reciprocal action with other participants. This view is
consistent with the notion that people learn by being participants in social situations;
‘the capacity of students to learn does not simply depend upon themselves, but upon
the environment in which they learn and what is regarded as valid learning’ (Nillsen,
2004, p. 2). COP are summarised as follows:
Members are actively involved in their own learning but also involved in
the learning of one another, as they share their expertise to build
another’s capacity. COP arise through a commitment to learning and
growing practice-based knowledge and skills, often in order to address
recurring problems or issues of importance to community members.
(McCormack & Smith-Tamaray, 2018, p. 220)
The researcher felt strongly that all participants should benefit from this work. Action
research (discussed in section 3.3.1) ‘seeks to create participative communities of
inquiry in which qualities of engagement, curiosity and question posing are brought to
bear on significant practical issues’ (Reason & Bradbury, 2008, p. 1). Action research
would be the ideal method of inquiry to share in this partnership journey, since:
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Action researchers always see themselves in relation with others, in terms of their
practices and also their ideas, and the rest of their environment. They do not adopt a
spectator approach, or conduct experiments on others. They undertake enquiries
with others, recognizing that people are always in company … action researchers
therefore aim to develop inclusional methodologies that nurture respectful
relationships. (McNiff & Whitehead, 2006, p. 25)

2.7. Summary

Teaching and learning is a shared human endeavour. The researcher felt that a
collaboration with her students was of utmost importance in allowing them to develop
as teachers. The researcher hoped that a true partnership between student and teacher
would improve the effectiveness of the numeracy intervention program, both
cognitively and pedagogically for all PSTs involved. Denscombe (2007) summarises the
importance of using action research in this mentoring partnership study when they note
that ‘action research … insists that practitioners must be participants, not just in the
sense of taking part in the research but in the sense of being a partner in the research’
(p. 126).
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Chapter 3. Methodology and Method
3.1. Introduction

This chapter provides a description and justification for the methodology and methods
used in this study. The conceptual framework that guides the research is discussed in
section 3.2. followed by a rationale of the methods in section 3.3. The research methods
for the three phases of this study are discussed in section 3.4. whilst section 3.5.
describes the setting for this project. It is important to present the origins of the NW
project that had been offered for many years prior (see sections 3.5.1 to 3.5.6 below)
which culminated in data collected for Phase 1 of this study. The main focus of this
study, however, is the peer mentoring development which occurred in 2015 and
described in Phases 2 and 3 of the study. Section 3.5.7 introduces this peer mentoring
partnership initiated in 2015. Section 3.6. describes the participants and sampling
method across the years of this study. Section 3.7. describes the research design for the
different phases of this study. The limitations in this study are listed in section 3.8. and
the ethical issues and risks that are potentially associated with this study are noted in
section 3.9. A brief overview of the position of this particular study within the larger
intervention program that spanned the years 2007 to 2018 is presented in section 3.10.
This chapter concludes with a summary of the methods used in this study.

3.2. Methodology

Tashakkori and Teddlie (2010, p. 308) state that ‘an important determinant of design
selection is the theoretical or philosophical perspective of the researcher’, also known as
the research paradigm. This chapter establishes an appropriate research paradigm to
define the methodology, with the most appropriate positing of this research being
within the post-positivist interpretivist paradigm. In order to build a holistic
understanding, both quantitative and qualitative methods were used. Phases 1 and 2 are
based on the quantitative traditions representing ‘the study of the social premised on
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the tenets of positivism’ (O'Leary, 2014, p. 130), and driven by the scientific method.
Phase 3 is based on the qualitative tradition which ‘calls on inductive as well as
deductive logic; appreciates subjectivities; accepts multiple perspectives and realities;
recognizes the power of research over both participants and researchers’ (O'Leary, 2014,
p. 130). Phase 3, therefore, is based within the interpretivist paradigm which recognises
and respects the individual differences between people, and that these differences can
influence their behaviours
Whilst the various phases were based in either the quantitative or the qualitative
traditions, the overall position of this study is strongly oriented in the question-driven
perspective. O'Leary (2014) states that:
This position involves putting questions before paradigm, and premises neither the
quantitative nor the qualitative tradition. It simply asks what strategies are most
likely to get the credible data needed to answer the research question, and sees you
adopting whatever array of strategies can accomplish the task, regardless of
paradigm. (p. 149)
In addition, the post-positivist approach recognises that both qualitative and
quantitative methods are valid approaches to exploring a phenomenon. Post-positivism
allows for more interaction between the researcher and participants, using qualitative
methods such as interviewing and participant observation (Creswell, 2014). Whilst it is
important to note the traditional research paradigms for the various phases, the most
appropriate positing for the overall study, and the one that capitalises on the best of
both traditions is the question-driven mixed-methods approach. Hence the focus of the
research overall is driven by the post-positivist interpretivist paradigm. The positing of
this study is diagrammatically represented below in Figure 3.1.
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RESEARCH PARADIGM- Post-positivism Interpretivism

RESEARCH FOCUS - Preservice Teachers

RESEARCH METHODS - Action Research

FINDINGS
Increased mathematical content
knowledge and mathematical
knowledge for teaching

INTERPRETATION OF
FINDINGS
Mentoring Partnership
Model is an innovative
program that effectively
assists PSTs improve MCK
and MKT by using mindset
theories within focused
numeracy workshop
classes

Figure 3.1: Research paradigm used in this thesis

57

3.3. Method Rationale

Educators instinctively desire to improve their practice (Babkie & Provost, 2004). They
do so by self-reflecting on each lesson they deliver. Teachers plan, teach, observe,
reflect and evaluate their lesson. In subsequent lessons, teachers modify and improve
their teaching to benefit their students’ learning. These natural actions of a teacher align
themselves well with the action research design of this study discussed in detail in
section 3.3.1 below.

3.3.1

Action Research

Action research designs ‘are systematic procedures done by teachers …. to gather
information about, and subsequently improve, the ways their particular educational
setting operates, their teaching, and their student learning’ (Creswell, 2014, p. 609).
They are often small-scale interventions in how the real world functions. The
practitioner closely examines the effects of such an intervention (Cohen, Manion, &
Morrison, 2017).
Action research is a cyclic process of identifying a problem, planning, performing an
action (an attempted positive intervention), observing/collecting/analysing data,
reflecting and evaluating the experience. In light of these results, the researcher may
then go on to plan and implement changes based on their previous findings. They will
perform and evaluate further action in order to continue to improve outcomes,
repeating this process until a satisfactory conclusion is achieved (Creswell, 2014; Kemmis
et al., 2014; O'Leary, 2014).
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Plan

Reflect

Act

Observe
Figure 3.2: Action Research Cycle

The action research cycle (see Figure 3.2 above), based on the model by Kemmis et al.
(2014), rarely occurs as neat, self-contained cycles of planning, acting, observing and
reflecting. In reality, ‘the stages overlap and initial plans quickly become obsolete in the
light of learning from experience … in reality, the process is likely to be more fluid, open
and responsive’ (Kemmis et al., 2014, p. 18). Reason and Bradbury (2008) define action
research as:
A participatory process concerned with developing practical knowing in the pursuit
of worthwhile human purposes. It seeks to bring together action and reflection,
theory and practice, in participation with others, in the pursuit of practical solutions
to issues of pressing concern to people, and more generally the flourishing of
individual persons and their communities. (p. 4)
An important aspect of doing an action research study, is that ‘researchers seek to
empower, transform, and emancipate individuals from situation that constrain their selfdevelopment and self-determination’ (Creswell, 2014, p. 609). In fact, action research
departs from the notion that the researcher is the expert and that the participants are
‘passive participants of scientific knowledge’ (O'Leary, 2014, p. 167). Its strength, which
was of particular importance in this study, was that it is a ‘collaborative research
approach that could empower [all] stakeholders to improve their own practice’ (O'Leary,
2014, p. 167). It is common for action research practitioners to desire ‘real and
immediate change that involves the engagement and involvement of stakeholders as
collaborators or co-researchers; prolonged involvement in learning cycles; the
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production of rigorous, credible knowledge; and the action of tangible change’ (O'Leary,
2014, p. 167). Classroom action research ‘typically involves the use of qualitative,
interpretive modes of enquiry and data collection by teachers with a view to teachers
making judgements about how to improve their own practices’ (Kemmis et al., 2014, p.
11).
In summary, action research enables the researcher to examine their own work more
closely, attempt to discover what could be improved, and then to proceed to improve
their work. By evaluating their own work, action research practitioners influence the
learning of others (McNiff & Whitehead, 2006).
3.3.1.1

Critical Participatory Action Research.

The three phases of this study employed an action research design in that Phase 1
informed the planning for Phases 2 and 3. Phase 3 of this study considers the third-year
mentors’ mathematical knowledge for teaching. Because these PSTs were very much
collaborators and partners in the program, it was vital that they were included in the
actions throughout the program. In this regard, each week became a cycle of planning,
acting, observing and reflecting. Specifically, the researcher was interested in including a
style of research which allowed a broader view of the relationship between education
and social change. Critical participatory action research (CPAR) allows for a strong
commitment to participation and the possibility of educational institutions to redress
such things as ‘the alienation of students from schooling and the circumstances that lead
to it’ (Kemmis et al., 2014, p. 13). Since CPAR involves the investigation of actual
practices, it was a most suitable method to employ. ‘Critical Participatory Action
Research (CPAR) is a social process of collaborative learning for the sake of individual
and collective self-formation, realised by groups of people who join together in changing
the practices through which they interact in a shared social world’ (Kemmis et al., 2014,
p. 20).
A study such as this one would ‘begin in classrooms with teachers and others interested
in making small but significant changes in ‘making a difference’ in their own settings’
(Kemmis et al., 2014, p. 13). Furthermore, these contributions have the potential to
benefit not only ‘the education of the people involved, but also to wider social
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movements in the interests of the whole human community’ (Kemmis et al., 2014, p.
13). These latter benefits, although not discussed in this study, will form the basis of
future work by this researcher. The action research cycles in later years, i.e. 2016 to
2018 would explore the benefits to the wider community in terms of the professional
development offered to local schools and the Mathematics Association of Victoria.

3.3.1.2

When is Action Research used and why is it important?

Action research is used when there is a distinct issue to be dealt with. The research
needs to be planned and systematic. The researcher collects evidence, reflects on their
own practice and finds answers to the questions. Babkie and Provost (2004, p. 261) note
that all teachers can conduct research and effect change in their classrooms by ‘planning
when, where, and how they will collect information, as well as how that information will
be used … a potentially easy and efficient way … to increase student success, and collect
the measurement data to prove it’. Using action research for this study was important
for the reasons that follow. Action research
-

encourages change, thereby enhancing some aspect of human life

-

fosters a democratic approach to education by enabling people to participate in a
cooperative manner

-

empowers individuals through collaboration on projects, freeing them from
difficult conditions

-

seeks to narrow the gap between practice and one’s vision of education by
positioning educators as learners

-

encourages educators to reflect on their practices

-

promotes the testing of new ideas

-

builds a community of learners by way of its participatory methods (Creswell,
2014; Mills, 2007)
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3.3.1.3

Why choose Action Research for this study?

Knowing that ‘action research is done by people who are trying to live in the direction of
the values and commitments that inspire their lives’ (McNiff & Whitehead, 2006, p. 23)
was the foremost reason for choosing this form of enquiry. What the researcher values
most as an educator, the principles that guide her actions, would be used to benefit her
students.
The elements of action research that were important to the researcher:
-

The researcher could work on an area of concern that was of great interest to
her: improving students’ numeracy skills as well as helping to free them from
past negative influences or restraints (self or externally imposed) regarding
mathematics and that the researcher wanted to positively influence her students
by empowering them with the skills and confidence they needed

-

Action research methods are collaborative and participatory – the researcher
sought to conduct research that would benefit her students whilst
simultaneously improving her practice. The self-evaluations and reflections of all
involved (mentors, mentees and researcher) encouraged professional
development. Action research by nature is a democratic process. These aspects
are important for all teachers.

-

To advocate for a change in practice at the researcher’s institution (the results
would show that placing PSTs in mentoring positions improves their outcomes as
teachers) thereby hoping to influence the way courses are written. For example,
peer mentoring could potentially become a formal part of the mathematics
course.

-

That students could opt in to the project voluntarily, thereby taking control of
their own learning

-

Action research methods promote social justice and equality

Fundamentally, in addition to the lack of work undertaken in this vital area, this study
was important for the following two reasons:
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1. The researcher wanted to discuss episodes of practice that showed the
developing educational influence of my own learning, and
2. To discuss episodes of practice that showed their educational influence in the
learning of others (McNiff & Whitehead, 2006, p. 131).
Considering the research question ‘How would a Mentoring Partnership model of
engagement further enhance mathematical proficiency (both cognitively and
pedagogically) in preservice teachers in an undergraduate teaching degree?’, this
presented a specific educational problem that needed to be solved. Creswell (2014, p.
608) states that ‘of all the research designs, action research is the most applied, practical
design … with an aim toward developing a solution to a problem’ and in particular
‘action research seeks to improve specific, local issues’ (p. 612).
3.3.1.4

Criticisms of Action Research

There are concerns by some researchers that action research is not an accepted form of
investigation (Creswell, 2014, p. 610); ‘…the design may not have the rigor and
systematic approach found in other designs.’ However, action research plays a
meaningful role for teachers as researchers since at the heart of every teacher is a desire
to improve their practice. It is natural for every teacher to reflect on their lessons and
plan for future improvements.
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3.4. Research Method

This study sought to investigate the benefits of using peers as mentors in a numeracy
intervention program. To achieve this overall goal, the study employed an action
research design as its overarching method. The study incorporated both qualitative and
quantitative elements during the three phases of the study, discussed below. It is
important to note here that action research is not a method in the traditional sense, but
rather a strategy or an orientation to inquiry for social research (Denscombe, 2007;
Reason & Bradbury, 2008). Therefore, action research studies can use a variety of
techniques for data collection. It is used to solve practical, real-world problems, but it’s
unique feature is that the research needs to be undertaken as part of practice rather
than an addition to practice (Denscombe, 2007).
Phase 1: The changes in PSTs’ mathematical content knowledge after an intervention
(2013). This part of the study employed quantitative methods.
Phase 2: The changes in PSTs’ non-cognitive elements after an intervention (2015). This
part of the study employed quantitative methods.
Phase 3: The roles and attributes required of mentors (2015). This part of the study
employed qualitative methods, with a particular focus on critical participatory action
research.
3.4.1

Quantitative Method.

Kervin, Vialle, Howard, Herrington, and Okely (2016, p. 32) note that quantitative
research is ‘research that involves analysing numerical data’. Furthermore, quantitative
research design derives from the positivist philosophical belief ‘which assumes that
there are certain general principles underpinning our world, be they physical or social
phenomena. The role of the researcher is to uncover these underlying general principles’
(Kervin et al., 2016, p. 32). Quantitative research seeks to determine a relationship
between variables such as whether the NW program is effective in improving PSTs
mathematical literacy (i.e. showing increases in PSTs’ scores on a mathematics test).
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Quantitative research designs were for many years, believed to be superior methods,
and hence dominated educational research. However, many researchers, particularly
those in educational fields, came to realise that these quantitative methods alone did
not adequately answer the kinds of questions relevant in educational settings, and in
fact were limited in capturing the complex nature of human behaviour (Kervin, Vialle,
Herrington, & Okely, 2006). The result has been an increase in qualitative studies (see
below) ‘that allow insight into these complex educational contexts’ (Kervin et al., 2006,
p. 35).
In fact, ‘many educational research projects now utilise a mixed-mode design, drawing
on both approaches to answer different questions within the research topic’ (Kervin et
al., 2016, p. 35). The use of both quantitative and qualitative approaches, known as a
mixed methods design, is favoured since together these methods can achieve a better
understanding of the central problem (Creswell & Plano Clark, 2007) .
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3.4.2

Mixed Methods.

Mixed methods designs utilise both quantitative and qualitative data in a single study.
Kervin et al. (2016, p. 35) quote Hammersley who proposed that quantitative and
qualitative methods could be combined in three distinct ways:
1. The use of one approach to confirm the findings of the other approach
2. The use of one approach to provide a starting point for the other approach
3. The use of both to complement each other (p. 35)
The mixed methods design is also known as triangulation since it is ‘using more than one
source of data to confirm the authenticity of each source’ (O'Leary, 2014, p. 132). For
this research study, the quantitative study in 2013 (Phase 1 – the effectiveness of the
NW program) provided a starting point for the quantitative study in 2015 (Phase 2 –
Mindset beliefs of first-year PSTs). Part 1 of this second phase (First-year PSTs’ mindset
beliefs on the nature of mathematics) provided a starting point for the quantitative
study in Part 2 (Mindset beliefs (non-cognitive factors) of mentee first-year PSTs). The
results from Phase 2 allowed the third-year mentors and researcher to plan their
approach in the final phase of this study. The qualitative study in Phase 3 (attributes and
roles of the third-year mentors) provided the researcher detailed insights into the final
aspect of this study (MKT), thus allowing for a more thorough account of the mentoring
partnership.
3.4.3

Qualitative Method.

Qualitative research design is a particularly suitable approach for studying social
phenomena occurring in natural settings since it ‘draws on phenomenology - the belief
that our worlds are independent, messy, unique and therefore the qualitative researcher
aims to understand this complexity rather than to uncover a ‘knowable truth’’ (Kervin et
al., 2016, p. 32). Rather than the more objective measures used in quantitative research,
qualitative research explores the more subjective experiences such as the ideas and
feelings of participants (Kervin et al., 2006). There are those who criticise these methods
and ‘question the validity, reliability and generalisability of qualitative studies because
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they typically use smaller numbers of participants and do not use standardised
measures’ (Kervin et al., 2016, p. 34), however, the researcher in this study employed
this method for its strengths as described below.
Phase 3 of this study employed qualitative research methods, for their strength to
describe the operation of the program and the outcomes observed. In particular,
‘educators have welcomed the richer and more varied insights into educational settings
that qualitative research produces’ (Kervin et al., 2016, p. 34) . This qualitative element
acknowledges the emphasis that is now placed in mathematics education research, that
can provide valid inferences from the incorporation of such data collected from
interviews and other qualitative methods (Goldin, 1997). Particular consideration was
given to avoid any measurements which might cause participants stress or to react
differently during the research. Although qualitative research is not completely free of
interference, its methods, being less formal, and using less obtrusive strategies can
reduce ‘distorting reactions’ (Patton, 1987, p. 34). Qualitative analysis, in its purest form,
is directed by an inductive approach. ‘Inductive analysis means that the patterns,
themes, and categories of analysis come from the data; they emerge out of the data
rather than being imposed on them prior to data collection and analysis’ Patton (1980,
p. 306). However, Srivastava and Hopwood (2009, p. 77) argue that ‘patterns, themes,
and categories do not emerge on their own, but are driven by what the inquirer wants to
know and how the inquirer interprets what the data are telling’. Phase 3 of this study
will use both inductive and reflexive (premeditated) ideas in categorising themes.

3.5. Setting of the Study

This study took place at a regional campus of a large university in Victoria. It involved
first and third-year preservice teachers undertaking an undergraduate Bachelor of
Primary Teaching degree. Phase 1 of the study takes place in semester one of 2013 with
24 third-year PSTs who had voluntarily chosen to participate in the numeracy workshop
program. Phase 2 takes place in semester two of 2015 with first-year PSTs. Part One of
this second phase involved collecting background data from the entire cohort of firstyear PSTs, to get a base-line understanding of their mindset. Part 2 (of Phase 2) involved
collecting data from the 36 first-year PSTs (the ‘mentees’), before and after their
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voluntary involvement in the peer-mentored numeracy workshop program. Phase 3 of
this study takes place in semester two of 2015 with 12 third-year PSTs (the mentors)
involved in the peer-mentored numeracy program.
2015 was to become the first year of an innovative peer mentoring project involving first
and third-year undergraduate PSTs. The mentoring occurred during voluntary lessons
conducted beyond their formal mathematics education program. In subsequent years
(2016 – 2018), the program continued to evolve. Data collected from later years will
form the basis of future studies.
3.5.1

Numeracy Workshops.

It is well known that once at university, many students find themselves ill-equipped to
deal with the mathematics subjects offered in their undergraduate course. In fact a
recent study showed that ‘nearly three quarters of PST participants reported fear,
loathing, and ambivalence towards mathematics’ (Itter & Meyers, 2016, p. 136).
Furthermore, a prevailing finding from this study was that a ‘teacher-centred,
procedurally focused, and text-book oriented enactment of the mathematics curriculum
constrained engagement, self-efficacy, motivation, and authentic approaches to
learning’ (Itter & Meyers, 2016, p. 136).
To mitigate the effects of teacher-centred practices, the researcher in this study initiated
a voluntary program that allowed for a more student-centred learning environment. This
program came to be known as the Numeracy Workshop (NW) program. These additional
mathematics classes aimed to support PSTs through their formal university mathematics
subjects by helping them consolidate their MCK. The NW project began in 2007 and ran
each year concurrently with the PSTs formal mathematics subject i.e. in their first and
third-year. This outcome allowed students extra support at the time of need. The
researcher developed and taught these classes. The NWs allowed PSTs to investigate
concepts deeply with a primary emphasis on their attaining a conceptual understanding,
followed by procedural fluency. The initial aim of these NWs was primarily to help
students improve their competence in mathematics, that is, their MCK.
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The workshops began as informal drop-in sessions during which students could work on
any mathematical topic that was problematic for them. Over the years, the NWs
continued to evolve with more students attending each year. Student numbers grew
from only five participants in the first year of the program (2007) to multiple classes of
20 to 30 students (2016).
The workshops allowed for the modelling and practice of effective mathematics
teaching, based on the work of Sullivan (2011) in which he presents the six key principles
for effective teaching of mathematics. These principles align with social constructivist
theories such as the need for students to make connections between the knowledge
they possess and that which would be found. The principles discuss the need for PSTs to
foster engagement in their students by ‘using a variety of rich and challenging tasks that
allow student time and opportunities to make decisions and which use a variety of forms
of representation’. The principles discuss the need to individualise student learning by
differentiating challenges. The principles promote structuring lessons that promote
communication, fluency and transfer. These principles align with the components of
mathematical proficiency discussed in section 2.3.1, above.
3.5.2

Numeracy Workbook.

Over the years, the researcher came to understand that there were certain topics with
which students had particular difficulty. Students were asked at the beginning of
semester to rate the topics they felt they most strongly needed help with. This
information was used to decide which topics to concentrate on, and the best order in
which to teach them. A dedicated numeracy workbook (NWB) was developed in
response to the students’ most pressing concerns. PSTs valued this workbook as a
resource, with many students, even after graduation, noting that it was most useful to
them in their daily teaching.
3.5.3

Structure of the Workshops.

The classes ran for one hour each week for ten weeks. These occurred in the first
semester for third-year PSTs and in second semester for first-year PSTs. The topics were
taught in a particular order (for example, operations involving whole numbers came
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before fraction arithmetic) however, there was much flexibility in the way the lessons
ran. In other words, the students were encouraged to guide the direction of the lesson.
This sort of personalised learning was a source of motivation for the students. A
significant part of the workshops was to allow students to practise being teachers in
whatever way they felt comfortable to do so. If they wanted to explain on the board,
they were strongly encouraged to do this as often as possible.
3.5.4

Positive Effects of participation in the voluntary Numeracy Workshops.

Students valued the workshops highly and the preliminary research in 2013 showed a
significant increase in their mathematical competence (see section 4.2). PSTs’ content
knowledge was assessed at the beginning and at the end of the series of workshops.
Students completed a pre- and post-test in numeracy. Scores were analysed using ttesting procedures and Wilcoxon signed-rank testing. The results were highly significant,
and the conclusions drawn were that the numeracy workshops contributed to the
improvement in PSTs’ numeracy skills.
Furthermore, students took part in a focus group at the end of the workshop program.
The transcripts showed that not only do the workshops help students improve their
mathematical skills and their competence in teaching others, but the emergence of
additional benefits. Students showed a decrease in their fear or anxiety related to
mathematics and an increase in their confidence. In fact, most students showed an
increase in their overall disposition towards mathematics. Many students showed a
desire to question more deeply and therefore learn conceptually, a deeper
understanding of how the human brain learns mathematics and the ways to teach
mathematics that are both fun, socially constructive and retain deep learning. The
numeracy workshops were undoubtedly a success.
3.5.5

Goals of the Workshops.

Each year the researcher added to the goals of the workshops. Goals over the years:
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2007 – 2014
-

To teach PSTs ways of problem solving in order to gain a deep (conceptual)
understanding, not just surface procedures

-

To practice flexible thinking or number sense (Boaler, 2009, 2015a)

-

For PSTs to see mathematics as a connected, integrated, useful, creative, fun

-

To allow time for students to delve more deeply into concepts, and realise that
being good at mathematics does not mean having to be fast at it

-

To understand that to become better at mathematics, one has to do
mathematics

2015 – 2018
-

To allow third-year PSTs to reflect deeply on the roles and attributes of an
effective teacher of mathematics.

-

To give third-year PSTs more practise at teaching mathematics - achieved by
allowing them to become peer mentors, with the further goals of helping firstyear PSTs:
o To change fixed mindsets to growth mindsets (improve attitudes, beliefs,
behaviours, motivation and confidence)
o To help them ‘heal any maths hurts’
o To teach PSTs about how the brain learns mathematics, thereby
understanding why working memory can be affected and result in
‘mental-blocks’
o To model excellence in mathematics teaching
o To experience firsthand a calm, productive classroom environment that
fosters enquiry based mathematics, social constructivism and growth
mindset messages
o To understand that making mistakes can be a great learning opportunity.
Working through how to fix their own mistakes, or watching how the
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teacher or another student works through fixing their mistakes, should
play an important role in each lesson for as Nillsen (2004, p. 5) states ‘an
awareness of one’s ignorance, or of the inadequacy of one’s conceptual
framework should rightly be viewed as a form of knowledge’.

3.5.6

First and Third-Year PSTs’ Formal Mathematics Subjects.

The third-year PSTs who became peer mentors in this study had participated in one unit
of mathematics in their first year of study (Semester two of 2013, Working
Mathematically, EDU1WM, taught by staff not involved in this project). This outcome
provided them the opportunity to develop an understanding of how children learn
mathematics (through problem solving, early number, counting, the four operations and
fractions) and how to teach mathematics, through a range of approaches, strategies and
system guides. In semester two of 2015, 234 first-year PSTs were enrolled in this core
subject.
With no mathematics education scheduled in the second year, the PSTs next
encountered mathematics education in their third year (Semester one, Teaching
Mathematics, EDU3TM, 2015, taught by the researcher. 192 third-year PSTs were
enrolled in this core subject). This subject drew upon concepts from the Australian
Curriculum for Mathematics, including the content strands – Number and Algebra,
Measurement and Geometry, Statistics and Probability, and the Proficiency strands –
Understanding, Fluency, Problem Solving and Reasoning. In this third-year subject, PSTs
explored the nature of mathematics, the structure of the mathematics curriculum, the
attributes of effective mathematics teaching, and strategies to engage, support and
assess children’s learning. They had opportunity to broaden their quantitative literacy
through developing knowledge and confidence with basic mathematical and analytical
concepts and operations required for problem solving and investigation, real world
applications, and for effective teaching of mathematics. PSTs examined how such
approaches contribute to their own learning, and the implications this learning has for
learners in schools.

72

3.5.7

Peer Mentoring – the beginning.

The third-year formal mathematics subject as well as the additional NW program, placed
high importance on learner preparedness to engage with mathematics. The third-year
PSTs who had participated in these voluntary additional classes in semester one of 2015,
expressed concern at what they themselves had felt as first-years, two years previously,
now through the lens of what they had learnt in terms of growth mindset and
conceptual understanding. The third-year PSTs were concerned that many first-year
PSTs would have anxiety and low resilience, and possibly, a belief that they were just not
mathematically minded. The NW classes held concurrently with the formal third-year
subject (and taught by the researcher), with their strong focus on establishing nurturing
learning environments and positive mindsets (Boaler, 2015a) directly addressed these
issues. The impact of the work was so well received that 12 PSTs offered to further
extend their engagement with learning to teach mathematics, by volunteering to
participate in a mentoring program during the following semester. These PSTs
volunteered their time to work with their lecturer (the researcher in this study) to
mentor the new first-year PSTs, during their own NW classes in semester two. Thus
began a program of peer mentoring, that is, third-year PSTs mentoring first-year PSTs
under the guidance of their lecturer (the researcher in this project). The 12 third-year
PSTs became known as the peer-mentors, herein referred to as the PMs.

3.6. Participants (Sample Selection)

3.6.1

Phase 1: Participants.

Phase 1 of this study occurred in the first semester of 2013 with 24 volunteer third-year
PSTs. These participants were self-selected.

3.6.2

Phase 2: Participants.

Phase 2 of this study occurred in the second semester of 2015 with self-selected firstand third-year PSTs. Part 1 consisted of 212 first-year PSTs completing a survey of their
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mindset beliefs in week 1, a response rate in excess of 90%. This survey was a standard
means of gathering base-line information for the subject being taught (Working
Mathematically). No post survey was administered. Part 2 participants consisted of 36
volunteer first-year PSTs (the mentees). The 36 volunteer first-year PSTs completed preand post- mindset beliefs surveys (also referred to as the non-cognitive elements
survey). The researcher had access to the first-year volunteers (mentee sample) in the
second semester of 2015 since many of these students had high anxiety about
mathematics, and when offered extra tuition, were motivated to do something about it.
3.6.3

Phase 3: Participants.

Phase 3 of this study occurred in the second semester of 2015 with the sample
consisting of 12 third-year PSTs volunteering to become mentors. The researcher had
access to the third-year volunteers (mentor sample) since they had just completed the
third-year semester one subject and were inspired to continue the work that had so
changed their own mindset and understanding of mathematics. The mentors were selfselected. The 12 volunteer third-year PSTs acted as participant researchers. These 12
mentor PSTs recorded field observations in personal journals throughout the mentoring
program, took part in weekly group interviews and finally participated in one-on-one
interviews. The qualitative data collected from the mentors would provide a wealth of
information to help answer the research questions in Phase 3.
Table 3.1 below summarises the three phases of this study. Appendix C (p. 176),
provides further information of the first- and third-year PSTs in 2015 and an overview of
the project schedule.
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Table 3.1: Participants and Data Types
Phase
of
Study

Semester
& Year

Phase 1

Semester
1, 2013

Part 1

Semester
2, 2015

Part 2

Semester
2, 2015

Phase 2

Phase 3

Semester
2, 2015

Sample

Intervention

24 thirdyear PSTs

NW with
researcher
only as
teacher
212 firstBase-line
year PSTs
first-year
– the
mindset
cohort
data preintervention
36 firstNW with
year PSTs researcher
– the
and mentors
mentees
as partner
teachers
12 third- NW with
year PSTs researcher
– the
and mentors
mentors as partner
teachers

Type of
Data

Source

Quantitative
Data

Pre- and
Postmathematics
test
Quantitative
Survey Data: Week
mindset
1 before any
beliefs:
classes
nature of
mathematics
Quantitative
Pre- and
Data: Week Post- Survey
1 and Week
- mindset
10
beliefs:
dispositions
Qualitative
Journals,
Data:
meeting
Throughout
minutes,
semester
transcribed
interviews

Note: 102 first-year PSTs attended one or more NW classes in semester 2 of 2015. The
researcher did not want to exclude any first-year student who wanted to attend these
voluntary classes. However, the research for phase 2, part 2 involved only the 36 mentee
volunteers who completed the before and after survey questionnaires relating to the
peer mentored NWs and who attended regularly (at least 8 out of the 10 NWs) and so
were in a position to be able to discuss their experience. The remaining first-year PSTs
chose only to attend workshop classes that corresponded to specific areas of need,
thereby only attending 2 or 3 sessions over the semester, therefore were not part of the
sample in phase 2, part 2. The 12 third-year mentors’ observations include notes from all
10 lessons and all 102 students mentored.
It is important to note, that in attending the voluntary workshops, there was no
attributable grade value for either group. The mentors and mentees attended because
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they were self-regulated learners in control of what and how they learn, and in earnest
about becoming valuable teachers of mathematics.

3.7. Research Design

This section describes the research design for the three phases of this study.
3.7.1

Phase 1: Quantitative Analysis – NW program, 2013.

Phase 1 involved collecting quantitative data from 24 third-year PSTs using 10 focus
questions from a pre- and post-numeracy intervention mathematics tests (see Appendix
B, p. 169).
The quantitative results provided preliminary evidence showing the significant impact of
the NWs in terms of PSTs content knowledge. PSTs responses to a pre- and postmathematics test were analysed using statistical methods (t-test and Wilcoxon SignedRank Test) in Excel and in SPSS, as described below. Further analysis of the responses in
these pre- and post-tests allowed the researcher to discover elements of mathematics
proficiency that needed investigation. For example, the response rate in the ‘undecided’
category dropped dramatically for certain questions, even when the students’ actual
response was incorrect. This data was evidence that students’ confidence in their ability
may have increased because of the intervention. The researcher used this information to
plan for Phases 2 and 3.
3.7.1.1

Diagnostic Test Items.

The pre- and post-workshop diagnostic test consisted of 30 multiple-choice items, of
which 10 were chosen as focus questions for this study (see Table B.1 and Table B.2 in
Appendix B, p. 169). PSTs were allowed 50 minutes to complete the test without the use
of calculators. Test items were sourced from publicly released mathematics
assessments. These were available online or adapted from research in the field of PSTs’
mathematical content knowledge (Afamasaga-Fuata’i et al., 2006; Australian Council for
Educational Research (ACER), 2007; Ball, 1990; L. Ma, 1999; National Assessment of
Educational Progress (NAEP), 2007). The NAEP and TIMSS (Trends in International
76

Mathematics and Science Study) items were included for their reliability and validity.
This diagnostic test, used in weeks 1 and 10 each year since 2007, was found to be a
useful indicator of students’ success in terms of their MCK.
3.7.1.2

Matched Pairs t-test.

The matched pairs t-test (also known as the repeated-measures or dependent-samples
t-test) is used when there is data from only one group of participants. That is, an
individual obtains two scores under different levels of the independent variable. Data
are collected from the same group of participants. Studies employing pre- and post-test
designs are commonly analysed using repeated-measures t-tests. The participant obtains
a score on the pre-test and, after an intervention, they obtain a score on the post-test.
The researcher wishes to determine whether the difference between means for the two
sets of scores is the same or different (Coakes, 2013, p. 72). This type of test is suitable if
the following assumptions are met:
1. The data are at the interval level of measurement
2. The scores are randomly sampled from the population of interest
3. The scores are normally distributed in the population
4. The difference between the scores for each participant should be normally
distributed (for 30+ participants violations of this assumption are not of concern)
3.7.1.3

The Wilcoxon Signed-Rank Test (WSRT).

The WSRT is a non-parametric (distribution-free) test for comparing two paired
(dependent) data sets (Coakes, 2013, p. 172). It can be used in conjunction with, or as an
alternative to the matched pairs t-test when the data does not meet the assumptions of
normality.
The data is in this study was suitable for the WSRT since it had the following elements:
-

The two groups were related (i.e. the pre-test and post-test scores were related
since each pair of scores belonged to one individual)

-

There was only one dependant variable (the quiz test score)
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-

There were 24 observations (and the minimum required for this test is 5)

-

This WSRT is commonly used for pre-test and post-test designs

The assumptions were as follows (Coakes, 2013, p. 161):
-

The paired samples were random and independent (i.e. one student’s results did
not depend on another student’s results)

-

The distribution of differences between the groups needed to be symmetrical
(i.e. the new variable, difference = post-test – pre-test, had a symmetrical
distribution, checked using a box plot (see Table B.4)

-

3.7.2

No assumption of normality was required for the two groups

Phase 2: Quantitative Analysis – Mentee Data, 2015.

After many years of offering NW classes, the researcher was conscious of the stressors
PSTs experienced when having to do mathematics, particularly evident in the NW
volunteers. Foremost, the researcher wanted the students to feel free of any concerns
related to testing and fast-paced lessons. Hence, for this phase of the study, the
researcher wanted to offer mathematics help to students that would be devoid of any
type of testing. The results of the 2013 study (Phase 1), had shown that the NWs were
successful in terms of improving PSTs’ quantitative literacy skills. In other words, there
was a significant increase in students’ MCK, particularly in their conceptual and
procedural understanding, in their problem solving and in their reasoning skills. The
results also indicated that a change in mindset was occurring. This outcome was the
impetus for planning the next phases.
Phase 2 would investigate the changes in mindset factors, once the PSTs had completed
the 10-week NW program, this time with the inclusion of peer mentors in partnership
with their teacher. The researcher wanted to know how the workshops changed firstyear PSTs’ attitudes, behaviours, beliefs, motivation and confidence towards
mathematics.
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Phase 2 involved collecting quantitative data from first-year PSTs in two parts. Part 1
involved collection of quantitative data on mindset beliefs about the nature of
mathematics. This data was collected at the beginning of semester 2 in 2015, from 212
first-year PSTs out of 234 enrolled first-year PSTs. These 212 students, referred to as the
first-year cohort, completed the Mindset Beliefs survey questionnaire using the Qualtrics
tool accessed from the PSTs’ learning management system (LMS) university site (see
Appendix D, p. 178). The survey responses would allow the researcher to form a baseline
understanding of first-year PSTs’ Mindset beliefs on the nature of mathematics. In
addition, Question 14 (Appendix E) and Question 13 (Appendix F) on the pre- and postmentee survey (see Part 2 below) served to compare the mindset beliefs of PSTs who
chose to participate in the NWs with the main cohort of first-year PSTs. The themes that
emerged from this part of the study assisted the researcher and the mentors in planning
for the forthcoming peer-mentored NW lessons. The 24 Mindset Beliefs survey
questions were based on the work of Jo Boaler: How to learn math for teachers and how
to learn math for students (Boaler, 2014a, 2014b). The researcher, in preparation for this
study, had completed these publically available online courses.
Part 2 involved collection of quantitative data, before and after completing NWs in
Semester 2, 2015. The participants were the 36 first-year PSTs (the mentees) who
completed a paper survey. Likert scale questions on non-cognitive aspects (attitude,
behaviour, belief, motivation and confidence) as well as long-answer questions
appeared on these surveys (see Appendix E, p. 179 and Appendix F, p. 182). These preand post-NW questions allowed the shift in non-cognitive attributes to be analysed.
Excel was used to graph the data, allowing patterns to be readily seen.

3.7.3

Phase 3: Qualitative Analysis – Mentor data, 2015.

Phase 3 involved the collection of Qualitative data from the third-year PSTs (the
mentors) before, during and at the end of semester 2, 2015. Data sources consisted of
journal reflections (LMS), field observation notes (recorded in personal journals), group
interviews (informal peer mentor ‘staff’ meetings) and transcriptions from structured
one-on-one interviews.
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The qualitative data will be analysed in search of key information found from ‘critical
episodes of underlying learning … those that show new, clearly changed attitudes and
behaviours’ (McNiff & Whitehead, 2006, p. 136). This data will form evidence of
emerging themes. The recording of critical incidents would form a large part of the
observations gathered by the third-year mentors, hence the discussion of the critical
incident technique below.
3.7.3.1

Critical Incident Technique.

The critical incident technique (CIT) originated with Flanagan (1954) who defined this as
Any observable human activity that is sufficiently complete in itself to permit
inferences and predictions to be made about the person performing the act. To be
critical, an incident must occur in a situation where the purpose or intent of the act
seems fairly clear to the observer and where its consequences are sufficiently
definite to leave little doubt concerning its effects. (para. 3)
Flanagan (1954) described this technique for collecting observations of human
behaviour for the purposes of solving practical problems or developing general
psychological beliefs. The observations need to be of critical incidents that have special
significance and meet defined criteria. However, Flanagan (1954) emphasises that the
CIT is not a rigid set of rules, but a flexible set of principles that need to be adjusted to
meet the specific situation.
CITs are often associated with education and training environments and the findings
support practical outcomes. CIT is ‘a well proven qualitative research approach that
offers a practical step-by-step approach to collecting and analysing information about
human activities and their significance to the people involved. It is capable of yielding
rich, contextualized data that reflect real-life experiences’ (Hughes, 2007, p. 1).
Observing, recording and reflecting on critical incidents was a most appropriate method
for the mentors (and researcher) to study the purposefully collected significant human
experiences that were occurring throughout the project. This process would allow the
participants to ‘identify similarities, differences and patterns and to seek insight into
how and why people engage in the activity’ (Hughes, 2007, p. 1). Kain (2004) noted that:
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People assign meanings to their experiences, and when we group together
collections of such meanings in order to make sense of the world, we
engage in a kind of research, a seeking of understanding. The critical
incident technique provides a systematic means for gathering the
significances others attach to events, analyzing the emerging patterns, and
laying out tentative conclusions for the readers consideration. (p. 85)
CIT, as created by (Flanagan, 1954), offers a clearly defined, systematic and sequential
research process, consisting of five steps. This process is described below (Hughes,
2007).
1. Establish the general aim – the activity to be studied: the first-year numeracy
workshops. The aim of the activity: To use peer mentored numeracy workshops
to help mentor and mentee PSTs improve their MCK and MKT and in the process,
to answer the following question: what are the key attributes of an effective peer
mentor/teacher?
2. Establish plans and specifications – A detailed plan for data collection, including
how to identify critical incidents and how to record critical behaviors (Flanagan,
1954; Hughes, 2007) involving the following key considerations:
a. Situation – the location, conditions, participants and activity is specified
(see section 3.5. p. 67)
b. Relevance – the type of critical incident relevant to the study is specified
(incidents that had a significant impact on mentee and/or mentors’ study
experience) and the type of critical behaviour relevant to the study is
specified (significant actions of both the mentor and mentee, including
cognitive or affective responses).
c. Extent – the criteria for collecting critical incidents is specified, based on
their significance
d. Observers – the researcher ensured all mentors were familiar with the
activity being studied, and understood the criteria for collecting critical
incidents.
3. Collect the data – collecting critical incidents relating to the activity: mentors
directly observed the mentees (and their peers), mentors participated in group
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interviews (the weekly ‘mentor meetings’), mentors recorded their reflections
weekly using journals and the learning management system (LMS), and finally the
mentors were involved in focus interviews at the conclusion of the project. To
ensure accuracy, the participants were asked to focus only on ‘incidents that they
have recently taken part in or observed first-hand, [to] describe one or several
incidents that represent positive and/or negative aspects of the activity being
studied … to provide factual reports, rather than interpretations, of what
happened’ (Hughes, 2007, p. 5).
Examples of prompting questions follow (Hughes, 2007) :
a. Consider an effective/ineffective episode of teaching (either your own or
your peer).
b. Describe the nature of this incident.
c. Explain why you consider this incident to be significant
d. Describe what you or your peer did or said to render the incident
effective/ineffective
e. Describe the outcome(s) or result of the incident

4. Analyze the data – ‘involves an inductive data analysis process that aims to
classify critical incidents and identify critical behaviours. These points are
arranged into a series of well-defined, mutually exclusive categories and subcategories of decreasing generalisability/increasing specificity’ (Hughes, 2007, p.
7). This work can be visualised as in Figure 3.3 below, which is based on the work
of Denscombe (2007, p. 294). Flanagan (1954) and Hughes (2007) describe these
categories further as requiring:
a. A frame of reference – the researcher develops a set of broad categories
for classifying the critical incidents. These categories should reflect the
aim of the activity and relate to the intended application of the data
b. Category formulation – the researcher examines the critical incidents,
identifies critical behaviors and sorts them into categories and subcategories as the information emerges.
c. Specificity – the researcher determines the appropriate level of analysis,
according to the aim of the activity and intended use of the data. This
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work involves balancing the relative merits of specificity against
generality. The former affords greater complexity and detail, while the
latter results in a simpler, broader overview (Hughes, 2007). In seeking to
retain a close connection to the participants’ comments, the researcher
worked inductively with the data to develop the categorisation
framework. This work consisted of colour-coding the transcripts and using
margin notes to identify categories, then using a spreadsheet to organise
the categories.

Generalised conclusions

Category

Category

Code A

Code B

Code C

Code D

Code E

Qualitative Data

Figure 3.3: Qualitative Data Analysis

5. Interpret and report the data - Hughes (2007, p. 10) states that ‘CIT does not
require a specific report format, but the results often include a set of critical
behaviors that define the activity studied.’ Furthermore, in order to establish the
credibility of the findings, Flanagan (1954) discussed the need to carefully explain
and justify how the previous four steps had been carried out, and to specify
precisely the circumstances in which the findings could be said to apply. In this
study, the findings will be presented in the form of a thematic narrative. This
outcome will ‘create a practical and conceptual knowledge-base with potential to
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inform, support and promote information’ (Hughes, 2007, p. 10), specifically, the
use of peer mentoring partnerships in mathematics education.
3.7.3.2

Types of Qualitative Data Collected.
Observations.

PMs and researcher kept weekly class notes in personal journals throughout the
mentoring program. Journal entries included reflections on observations from the past
week’s activities and notes on improvements to be made for the coming week’s lessons.
These observations also contained hand-written examples detailing content to be
taught, revisions made during the lesson to this content, and enlightening moments
from the perspective of mentor, mentee and researcher. Photos and video recordings of
lessons were used to reflect on the teaching.
PMs adopted the role of a Participant Observer during the NWs since it was imperative
that they took part in the activities along with the mentees. This step was so that we
could ‘truly learn about a situation … [by becoming]…involved in activities at the
research site … this offers excellent opportunities to see experiences from the views of
participants’ (Creswell, 2014, p. 236).
Mentor Meeting Minutes.
Notes were kept from the NW classes as well as the mentor meetings, which were often
referred to as ‘staff’ planning meetings. These weekly staff meetings allowed the
mentors and researcher to reflect, discuss and plan for the next week’s lessons. Notes
were kept from these meetings and whilst at the time were used to ensure that all
mentors were well prepared for the coming week’s lessons, they have formed additional
information for discussion in this study.
Transcribed Interviews.
At the conclusion of the mentoring program (2015), an experienced research assistant
conducted one-on-one focused interviews with the PMs. All 12 peer mentors were
interviewed individually. Each interview was audio-taped prior to transcription in order
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to improve accuracy and quality of the data (Wellington, 2000). This process was the
most suited technique since as Creswell (2014, p. 240) states, ‘they are ideal for
interviewing participants who are not hesitant to speak, who are articulate, and who can
share ideas comfortably.’ The mentor PSTs responded to structured questions however,
when elaboration was required, or the questions evoked further inquiry, this was
explored by further questioning. The interviews were scheduled to take one hour to
complete, however, with the approval of the mentors, the research assistant allowed
the time for completion to be extended. The average time taken to complete these oneon-one interviews was one and a half hours. The focus questions appear in Appendix K
(p. 194).
Exploring and Coding the data.
The first step in analysing qualitative data will be a preliminary exploratory analysis. This
work consists of reading through each transcript, meeting notes etc. in their entirety,
noting ideas and thinking about the organisation of the data (Creswell, 2014). It was
decided that the data would be analysed by hand rather than by computer program for
the following reasons:
-

the database was small and we could ‘easily keep track of files and locate text
passages’ (Creswell, 2014, p. 264)

-

it was important for the researcher ‘…to be close to the data and have a handson feel for it without the intrusion of a machine’ (Creswell, 2014, p. 264)

-

the researcher had ‘time to commit to a hand analysis, … to manually sort,
organise, and located words in a text database’ (Creswell, 2014, p. 264)

The next step in the analysis of the data involved the process of coding. This work
involved ‘segmenting and labelling text to form descriptions and broad themes’
(Creswell, 2014, p. 267). ‘Codes are labels used to describe a segment of text’ (Creswell,
2014, p. 268) and can address topics such as the perspectives held by the participants,
the participants’ ways of thinking about people, processes, activities, strategies,
relationship and social structure (Creswell, 2014).
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The next step is to identify similar codes and aggregate these into a major idea, or
theme. The themes that emerge will allow the research question to be answered, thus
‘forming an in-depth understanding of the central phenomenon’ (Creswell, 2014, p.
271). Matrix tables were used to organise and code the data thematically, initially into
numerous segments, and finally into broad themes (Creswell, 2014).
Findings are represented using a comparison table (Table 4.9, p. 110) and reported in
the form of a narrative discussion (Section 5.4.3, p. 129), specifically ‘a discussion about
how participants are empowered or changed’ (Creswell, 2014, p. 280).
Inductive Codes, Reflexive Codes and Emerging Themes
The preliminary exploratory analysis performed on the qualitative data allowed the
researcher to note common ideas under reflexive (premeditated) codes. Reflexive codes,
driven by what the researcher wanted to know, were imposed on the data prior to
collection. These premeditated codes described segments of text from the mentors’
during and post NW qualitative data. This allowed for analysis of the data from the
mentors’ perspective, about the ideas they felt were most important to the success of
the PM-NW program. On completion of the preliminary analysis, further patterns and
categories of analysis emerged from the data, requiring the addition of inductive codes.
Both the reflexive and inductive codes are listed in the third column of Appendix L (p.
196) under the heading ‘Reference Codes’, and described briefly below.
The reflexive (premeditated) codes appear as the first word in the dot points below. The
inductive codes appear as the words in the explanations beside the dot points below.
-

Procedural – memorisation, rules, fluency, skill

-

Conceptual – different methods, higher-order thinking, student-centred,
connections, different representations, innovative

-

Strategic Competence – problem-solving, real-world, non-routine problems

-

Reasoning – discourse, ability to explain their thinking, ability to communicate
their ideas to others, understanding from another’s perspective

-

Productive Disposition (Mindset) – behaviours, beliefs, motivation (effort and
persistence), confidence (in own mathematical ability, in public speaking, in own
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ability to teach), use of strategies to reduce anxiety, advice, reassurance,
encouragement, enjoyment, growth mindset strategies (no one left behind,
mistakes as valuable learning opportunities, positive attitudes and positive
norms)
-

Repetition – the opportunity to revisit mathematics content using the NW
program and the associated NWB

-

Practise – practical methods such as use of the board and whole-class
explanations

-

Partnership – relationships of respect, collegiality, inclusive practice, valuing each
member, ensuring no one feels lost when it comes to content knowledge, likeminded, COP, cooperative teaching and learning, participation, team-teaching

-

Classroom Atmosphere – flexible content and flexible groupings, ensuring
understanding before moving on, feeling welcome to come to the board and
teach anytime, ensure everyone is engaged, relaxed, safe, fun, teacher
personality – passionate and welcoming and a strong bond with the students,
ensuring no one feels embarrassed, atmosphere of support, empathy, friendship,
being listened to and watched carefully, free to discuss any concerns – overall
positive and personal classroom atmosphere

-

MKT – flexible teaching strategies, ability to adapt, individualised teaching, ability
to impart various types of information regarding university work in general,
feedback, showing initiative, using effective discourse and correct mathematical
vocabulary, building trusting, sharing relationships, engaging, mentoring,
teaching effectively – and modelling good teaching, planning thoroughly, working
efficiently, being accountable, showing leadership and responsibility, practise
(teaching each other and using the board), reflecting on teaching, ability to guide
and scaffold, knowing one’s students, building a good rapport and ability to
interact

-

Commitment – passionate about the flow-on effect of the NW program,
commitment to the NW program, to their own learning, to the learning of others,
vision and aspirations for the good of their future learners, belief in the PM-NW
program as a unique experience
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Once the reference codes were assigned to the segments of text, the frequency of
occurrence was recorded (see final column in Appendix L, titled ‘Total’). These reference
codes described the attributes that the mentors felt were important in becoming
effective teachers of mathematics, thereby answering the third research question: What
are the attributes of an effective mathematics teacher?
The next step in the analysis of the qualitative mentor data was to identify similar codes
and aggregate them into major ideas. These major ideas were classified under the
heading ‘analytical codes’ (see column two in Appendix L) which was a step along the
way to developing the major themes. The analytical codes allowed the researcher to
begin to form an in-depth understanding of the roles that mentors assumed within the
PM-NW program. The complex themes that emerged from the data (see first column in
Appendix L, titled ‘Themes’), allowed the researcher to answer the question: What role
do mentors assume within the peer mentored NWs?
Unused Data - Future Work
Due to the great amount of data collected throughout the years of this study (and in
later years 2016 – 2018), it was decided that only certain areas of focus would be
presented in this work. Remaining unused data, along with data from later years, will
form the basis for future work.

3.8. Limitations

3.8.1
3.8.1.1

Sampling Concerns.
Non-representative Sample.

All PSTs were offered the opportunity to participate as learners in the NWs (2013) and in
the peer-mentored NWs (2015). Those that did choose to participate may have felt
particularly induced by the possibility of overcoming their fear toward mathematics, and
their need to address their limited mathematical content knowledge. These factors may
have influenced the participants’ motivation and engagement in the intervention
program. Conversely, PSTs whose past negative experiences with mathematics are so
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entrenched, may have avoided the offered intervention so as not to relive negative
experiences.
3.8.1.2

Participant Self-Selection.

Phase 1 (2013: third-year PSTs, n=24) of this study investigated PSTs’ responses in a
mathematics test before and after an intervention program. Phase 2 (2015: first-year
mentee PSTs, n=36) analysed mentee PSTs’ mindset beliefs before and after an
intervention program. Phase 3 (2015: third-year mentor PSTs, n=12) analysed mentor
PSTs’ data regarding attributes of effective mathematics teaching. Participation in each
phase was voluntary; hence, the sample was not random. Any PST who wished to
participate in the NW program (2013) or the mentoring partnership program (2015),
were granted the opportunity to take part. The results therefore, can only provide
‘tentative and limited support for drawing conclusions’ (Grivas, 2007, p.71). This
outcome may constitute a major limitation since the self-selected participants may not
be representative of all the PSTs in their respective year level, or to PSTs from similar
tertiary institutions. This process may result in bias in the variables studied and an
inability to generalise results to a larger population. If the samples studied were not
typical, this study may not have good external validity. However, pilot studies conducted
in the years preceding this study and the years after this study, were able to replicate
the results, thereby ameliorating the effects of self-selection.
3.8.1.3

Sample size.

Small sample sizes often constitute a significant limitation, since larger samples provide
information that is more accurate (Creswell, 2014; Selvanathan, Selvanathan, Keller, &
La Trobe Business School, 2015). The sample sizes in the quantitative phases of this
study are not small enough to compromise the results (Creswell, 2014, p. 164). In fact,
the size in Phase 1 is sufficiently large to give valid results especially when the resulting
p-values were so small. In any study using only samples, conclusions drawn are
somewhat limited since they are based only on observations drawn from the sample. To
strengthen the evidence found from the initial t-test, an additional test, the Wilcoxon
Signed-Rank Test was performed. While it is true that the sample data did seem to come
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from a non-normal population, hence the need for the WSRT, the results from both tests
were consistent, thereby giving substantiating evidence from which to draw conclusions.
3.8.1.4

Lack of control variables.

Phases 1 and 2 of this study did not have control variables. Whilst the results may have
reduced reliability, the research for these phases could be easily replicated and modified
to include control variables. Recommendations for future research is discussed in
chapter 6.

3.8.2

Researcher Interpretation.

Interpretation of qualitative data can be subjective. The researcher may record and
report on only observed incidents that support the theories felt to be important. To
minimise researcher bias, a research assistant was employed to interview, record and
transcribe the mentors’ responses to the focus questions. The data gathered in this way
was consistent with data gathered by alternative means (observations, meeting minutes
etc.).
3.8.3

Observer bias.

The observers i.e. the researcher and the mentors, when reflecting on the mentoring
process, may have unconsciously distorted what they observed so that it resembled
what they hoped to see (Grivas, 2007, p.76). This ‘experimenter effect’ can occur when
the observer hopes to see certain things and unwittingly records inaccuracies. The
researcher was aware of this possible influence, and took steps to ensure the mentors
reported their observations accurately, in an attempt to minimise any personal biases.
Reflection and discussion took place in the weekly mentor meetings with most or all
mentors present at each session, enabling shared observations to be noted thereby
lessening the possibility of observer bias.
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3.8.4

Failure to observe critical incidents.

During busy lessons, there is a possibility of failing to observe, or judging as irrelevant,
certain behaviours or critical incidents. However to avoid the possibility of this occurring,
the 12 mentors would discuss the critical incidents at their weekly meetings, thereby
‘double-checking’ that important observations were not overlooked.
3.8.5

Intentional omission of information.

The individuals in the mentee sample (2015) provided the data for Phase 2 of this study
by way of responses to questionnaires. If these participants have not remembered
clearly what they have experienced, or if they have intentionally changed or omitted
information they do not wish to reveal, then this would affect the results reported for
this section.

3.9. Ethical Issues and Risks

Ethics approval for this study was granted through La Trobe University’s Human
Research Ethics Committee: FHEC Approval R006/13 Tracking the development of
preservice teachers’ mathematical content knowledge. Appendix A, (p. 165), contains
the information statements, consent forms and withdrawal of consent forms used for
this study. Appendix Q (p. 206) contains further information on the ways in which any
possible risks were minimised.

3.10. Position of this study in the larger action research project

Appendix M (p. 200), provides a full view of the learning schedule for the years 2007 to
2018. The NW, and later peer-mentored NW, program has continuously evolved over
the aforementioned years. This thesis presents the findings from the years 2013 and
2015. Future work will present the findings for the years 2016 to 2018 – the remaining

91

years of the peer-mentored NW program. Following is a brief summary of the action
research cycles undertaken.
2007 – 2014 – Numeracy Workshop Intervention program offered to first and third-year
PSTs with the researcher acting in the role of tutor.
2015 - First Year of Mentoring Program – third-year PSTs mentor first-year PSTs under
the guidance of the researcher. The third-year PSTs present at the Mathematical
Association of Victoria (MAV) conference.
2016 - Second Year of Mentoring Program – third-year PSTs mentor first-year PSTs,
third-year PSTs produce instructional videos & deliver professional development (PD)
session for in-service teachers at a local primary school.
2017 - Third Year of Mentoring Program - Two fourth-year PSTs (who were also 2016
third-year mentors) mentor as Peer Learning Advisors (PLAs) within the core third-year
mathematics subject. These two fourth-year PSTs along with the research, present at the
2017 MAV conference & become leaders of the PD group that ultimately presents three
PD sessions at a local primary school.
2018 – Fourth year of mentoring program – Two fourth-year students mentor within the
core third-year mathematics subject.

3.11. Summary

This study investigated the changes in PSTs’ content knowledge and mindset beliefs
towards mathematics after an intervention program. The researcher employed an action
research design for its strength in allowing for collaborative work with participants with
the overall desire for all stakeholders to improve their practice. This embraces the view
that understanding in mathematics develops through a student-centred, social process.
The quantitative element establishes the significant impact that the NWs had in terms of
PSTs’ content knowledge and improvements in mindset toward mathematics. The
qualitative element sought to investigate PSTs’ knowledge of the attributes and roles
necessary to teach mathematics effectively.
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The emphasis throughout the NW intervention program was on PSTs gaining deep,
conceptual understanding of mathematics content whilst at the same time reducing
mathematics anxiety and improving mindsets towards the subject. The qualitative and
quantitative methods together would give a richer, more in-depth analysis of the
questions in this study.
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Chapter 4. Findings

4.1. Introduction

Within this chapter are the findings from the three phases of this study. Section 4.2.
displays the results for the quantitative study conducted in 2013 (Phase 1) along with
the statistical analysis showing the significance of these results. The statistical analysis
includes a bar graph of pre- and post- test scores in order to readily see the shift in
scores after the numeracy intervention. This information is followed by two statistical
tests: a matched pairs t-test and a Wilcoxon Signed-Rank Test. These tests give strong
evidence of the positive effects of the numeracy intervention program.
Section 4.3. presents the findings from Phase 2 of this study in two parts: Part 1 displays
the mindset beliefs about the nature of mathematics held by all first-year PSTs whilst
Part 2 displays the disposition of the first-year volunteer mentees before and after
participation in the peer-mentored NW program. Section 4.4. presents the findings from
Phase 3 of this study, including pre-mentoring reflections from the third-year mentors
and during and post-mentoring data from the mentors. Section 4.5. summarises the
findings for the three phases of this study.
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4.2. Phase 1 - Preliminary Data: 2013 Study Findings

4.2.1

Pre- and Post-test Scores.

The table and chart below show the pre- and post-NW mathematics test scores (2013,
third-year PSTs, n=24). These results show a significant improvement in mathematical
content knowledge amongst the volunteer PSTs with the mean score almost doubling.
Appendix B (p. 169) contains the full set of statistical results, and section 5.2. (p. 112)
provides a detailed discussion of these results.
Table 4.1: Pre- and Post-Test Scores (2013)
2013 Student ID
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
Mean
Standard Deviation

PRE Workshops
Score for 10 focus
questions
7
3
2
3
5
6
4
5
5
4
3
2
5
2
9
6
1
3
3
5
3
5
3
6
4.2
1.9
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POST Workshops
Score for 10 focus
questions
8
10
5
10
6
7
8
7
8
8
9
7
10
6
10
8
8
6
10
8
10
6
9
8
8.0
1.5

12

Score out of 10

10
8
6
4
2
0
1

2

3

4

5

6

7

8

9

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Student Number

Pre NW score for 10 focus quest

Post NW score for 10 focus quest

Figure 4.1: Pre- and Post- Mathematics Test Scores

4.2.2

Statistical Tests.

Statistical analysis for the data was performed using the software package known as
SPSS (Statistical Package for Social Sciences) and in some cases, confirmed using Excel
(see Appendix B: Phase 1 – 2013, p. 169, for the full results).
4.2.2.1

Matched Pairs t-Test.

In a matched pairs t-test the researchers wishes to ’determine whether the difference
between means for the two sets of scores is the same or different’ (Coakes, 2013, p. 72).
To answer the question ‘Is there a significant difference between the means of the two
related groups?’, the t-test will provide a p-value (shown as ‘sig.’ on the output). A small
p-value provides strong evidence against the null hypothesis, thereby concluding that
the result is significant. The null hypothesis is that the mean of the differences between
the pairs is zero. The alternative hypothesis is that the mean of the differences between
the pairs is greater than zero.
Table B.3 (p. 171) provides descriptive statistics for the differences between the pre- and
post-test scores. The 95% confidence interval for the mean difference is [2.8878,
4.7789].
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Table B.6 (p. 174) (and confirmed in Table B.7) supplies the results for the t-test. The
mathematics test scores after the intervention were significantly higher than before the
intervention. That is, a significant difference exists between the pre- and post-test
scores. The NW intervention program significantly improves the students’ achievement
level on the mathematics test, 𝑝 < 0.0001.
Shapiro-Wilk Test of Normality.
Table B.4 and Figures B.1 to B.4 (pp. 171 – 173) provide the tests of normality for the
differences between the pre- and post-test scores. The null hypothesis for the ShapiroWilk Test is that the data is normally distributed. The alternative hypothesis is that the
data is not normally distributed. The null hypothesis is rejected when the significance
level is less than 0.05. The significance value for this test is 0.011482. Since this is less
than 0.05, the null hypothesis is rejected, meaning it cannot be assumed that the data is
drawn from a normal population. This result is supported by the remaining measures of
normality (see the histogram of differences, Q-Q Plot, detrended Q-Q Plot and Box Plot
of the differences which can be found in Appendix B, Figure B.1 to Figure B.4).
Although the Kolmolgorov-Smirnov test does not indicate non-normality (sig = 0.200),
the Shapiro-Wilk and plots do indicate non-normality, but this may be more to do with
the sample size of 24 which is not considered large.
Whilst the t-test results are highly significant, they are taken with some caution, since
the tests of normality were not fully satisfied, that is, it cannot be assumed that the data
are normally distributed. This issue will be addressed by using a non-parametric test
such as the Wilcoxon Signed-Rank Test (WSRT), which does not require the data to be
normally distributed.
4.2.2.2

Wilcoxon Signed-Rank Test.

Table B.9 (p. 175) and Table B.10 (p. 175) provide the SPSS output for the WSRT. The
absolute differences were calculated for the 24 pairs of observations. There were no
negative differences, thus the rank sum for negative differences = 0. The rank sum for
positive differences = 300. The WSRT statistic is therefore 𝑊𝑆𝑡𝑎𝑡𝑖𝑠𝑡𝑖𝑐 = 0 (the smaller of
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the two rank sums calculated). The critical value for the test statistic is 𝑊𝐶𝑟𝑖𝑡𝑖𝑐𝑎𝑙 = 91
(for a one-tail test, 𝑛 = 24, ∝ = 0.05).
The null hypothesis is that the median of the differences between the pairs (pre- and
post-test) is zero. The alternative hypothesis is that the median of the differences
between the pairs is greater than zero. The null hypothesis will be rejected if the test
statistic is less than the critical value, that is, if 𝑊𝑆𝑡𝑎𝑡𝑖𝑠𝑡𝑖𝑐 < 𝑊𝐶𝑟𝑖𝑡𝑖𝑐𝑎𝑙 .
An examination of both the z-score value and the two-tailed p-value needs to occur
when interpreting the WSRT (Coakes, 2013, p. 174). Since the 𝑊𝑆𝑡𝑎𝑡𝑖𝑠𝑡𝑖𝑐 = 0, is less than
𝑊𝐶𝑟𝑖𝑡𝑖𝑐𝑎𝑙 = 91, the null hypothesis is rejected in favour of the alternative hypothesis (∝
= .05). The output indicates that there is a significant difference in scores for the preand post-tests, 𝑧 = −4.299, 𝑝 < 0.0001 with higher scores in the post-test. There is
strong statistical evidence to support the hypothesis that the median difference
between the pairs is greater than zero. In other words, the test is significant, and it can
be concluded that the post-test scores are significantly higher than the pre-test scores
i.e. the intervention worked.
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4.2.3

Further Analysis of the Ten Focus Questions.

4.2.3.1

Table and Bar Charts of Pre- and Post- Percentage of Correct and Undecided
Responses.

Table 4.2: Pre- and Post- Percentage of Correct and Undecided Answers
Before NWs

Question
Number

1
2
3
4
5
6
7
8
9
10

% of students with
correct answer
before NW
50%
25%
54.20%
16.70%
58.30%
75%
37.50%
29.20%
4.20%
66.70%

After NWs

% of
students
who were
undecided
0%
12.50%
4.20%
37.50%
16.7%
0%
33.30%
20.80%
70.80%
8.30%

% of students with
correct answer after
NW
75%
50%
79.20%
87.50%
87.50%
83.30%
91.70%
87.50%
58.30%
100%

% of
students
who were
undecided
0%
0%
4.20%
0%
0%
4.20%
4.20%
0%
16.70%
0%

Table 4.2 above, and Figures 4.2 and 4.3 below present an analysis of the ten focus
questions from data collected in 2013, from 24 third-year PSTs, undertaking the NW
program as students. The orange-coloured bars in Figure 4.2 clearly show an
improvement in the percentage of students with correct answers after the NW program.
Figure 4.3 shows a pleasing decrease in the percentage of students who did not know
how to answer the focus questions. The orange bars (percentage of students undecided
after NWs) in Figure 4.3 are significantly fewer and lower than the green bars
(percentage of students undecided before the NWs).
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Figure 4.2: Percentage of Students with Correct Answer (before and after NW)
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Figure 4.3: Percentage of Students who were undecided (i.e. did not know how to
answer the question) before and after NWs
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4.3. Phase 2 - 2015 Findings

4.3.1
4.3.1.1

Part 1: Mindset Beliefs about the Nature of Mathematics of First-Year PSTs.
First-Year Cohort (n=212) and Mentee (n=36) Mindset Beliefs.

A breakdown of age and gender of the first-year PSTs can be found in Table C.1 (see
Appendix C, p. 176). In 2015 212 first-year PSTs complete the survey, a response rate of
over 90%. This information gave the researcher ‘base-line’ information of the beliefs
held by first-year students in general before any mathematics subject. The second
column in Table C.1 gives the gender and age breakdown for the 36 First-year PSTs who
volunteered to participate in the peer mentored NWs.
Table C.2 (see Appendix C, p. 176) provides additional information about the first-year
PSTs who went on to become mentees. This background information explores the type
of students who volunteer for numeracy workshops, as discussed in Chapter 5.
Table 4.3 below shows the beliefs held by 212 first-year PSTs at the beginning of
Semester 2, 2015, before having undertaken any tertiary mathematics education study.
The table also shows the beliefs held by the first-year PSTs (the n=36 mentees) who
chose to participate in the NWs. These 36 mentees were surveyed before and after the
peer-mentored NWs, that is, at the beginning and at the end of semester 2, therefore it
is important to note that at the end of semester, they had also completed their core
mathematics subject, Working Mathematically, which may have had some influence on
the ‘after’ results. A detailed discussion of these results can be found in section 5.3.1,
but the data below shows that overall, the mentees had more fixed mindset beliefs than
the general cohort of first-year PSTs, before the NW program. After the NW program,
the mindset beliefs of the mentee PSTs had improved to levels close to those held by the
cohort at the beginning of semester.
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Table 4.3: First Year PSTs' Mindset Beliefs

Theme

Statement

Conceptual
(Deep
Understanding)

1. It is more important
to understand the
process than it is to get
the right answer
2. It is confusing to
have more than one
way to solve a problem
3. Mathematical
concepts can’t just be
accepted as right, they
each need to be used,
tested and reflected on
4. In maths it is really
important to
understand how maths
concepts inter-connect
5. It is important to
learn a number of
different ways to solve
maths problems
6. Maths is all about
learning lots of rules,
methods, facts and
procedures
7. In maths it is
important to be taught
topic by topic
8. You have a certain
amount of maths
intelligence and you
can’t really do much to
change it
9. There are limits to
how much people can
improve their basic
maths ability
10. When I work hard,
it makes me feel as
though I’m very smart
11. If I work hard at
maths, I know I will get
better at it

Procedural
Understanding

Mindset –
Intelligence

Mindset –
effort &
perseverance

Beliefs held by
212 First-year
PSTs (2015)
before any
maths subject
undertaken
True

Beliefs held
by 36 Firstyear PSTs
(2015) before
NW classes
(mentees)
True

Beliefs held
by 36 Firstyear PSTs
(2015) after
NW classes
(mentees)
True

92%

42%

89%

55%

64%

14%

95%

56%

94%

97%

57%

94%

94%

78%

89%

91%

94%

41%

75%

83%

54%

15%

46%

16%

27%

69%

33%

87%

46%

85%

96%

47%

94%
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Theme

Mindset mistakes

Mindset speed
Mindset disposition

Statement

Beliefs held by
212 First-year
PSTs (2015)
before any
maths subject
undertaken
True

Beliefs held
by 36 Firstyear PSTs
(2015) before
NW classes
(mentees)
True

Beliefs held
by 36 Firstyear PSTs
(2015) after
NW classes
(mentees)
True

54%

57%

21%

94%

83%

85%

88%

53%

88%

25%

78%

17%

61%

54%

24%

71%

47%

9%

12. I give up easily
when the problem
seems too hard
13. Knowing that with
effort, everyone can
improve their maths
14. I like work that I’ll
learn from even if I
make a lot of mistakes
15. The most
important thing in
maths is to get the
answer right
16. Making mistakes
show that I am not
good at maths
17. People who really
understand maths will
get an answer quickly
18. All learners must
engage with
mathematics
19. Maths is boring and
tedious work

100%
94%

64%
3%

20. Maths is fun and
creative work
Relevance,
21. Mathematics plays
Connectedness, a very important part
Social Activity
in my day to day life
22. Mathematics
knowledge stands
alone from other
subjects
23. Working on my
own shows that I am
good at Maths
24. Learning from each
other’s ideas/ways of
solving problems adds
to my own knowledge
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61%

57%

33%

21%

97%

86%

83%

89%

37%

56%

42%

61%

67%

19%

71%

73%

100%

4.3.2

Part 2: Disposition of Mentees (First-Year PSTs) before and after Numeracy
Workshops.

The following series of tables and figures describe the attitudes, behaviours, beliefs,
motivation and confidence of the 2015 First-year PSTs (the mentees, n=36), before and
after the peer mentored NWs (See Appendix G, p. 185, for tables showing the full
description of each disposition studied).
4.3.2.1

Mentee Attitudes.

Table 4.4: Attitude of Mentees Before and After NWs (Brief Description)
Attitude

Hate

Dislike

Neutral

Like

Love

Before
After

17%
0%

31%
11%

19%
8%

17%
56%

17%
25%

60%

56%

50%

Axis Title

40%
31%
30%
20%

25%
19%

17%
11%

10%

17%

17%

8%

0%
0%
Hate

Dislike

Neutral

Like

What is your Attitude to Maths?
Before

After

Figure 4.4: Attitudes of Mentees Before and After NWs
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Love

4.3.2.2

Mentee Behaviours.

Table 4.5: Behaviour of Mentees Before and After NWs (Brief Description)
Behaviour

Very Anxious

Before
After

11%
0%

A little
anxious
36%
8%

Neutral

Quite Happy

Excited

17%
11%

33%
58%

3%
22%

70%
58%

60%
50%
36%

40%

33%

30%

22%
17%

20%

11%

11%

8%

10%

3%

0%
0%
Very Anxious

A little anxious

Neutral

Quite Happy

Excited

How does having to do maths make you react/behave?
Before

After

Figure 4.5: Behaviour of Mentees Before and After NWs

4.3.2.3

Mentee Beliefs.

Table 4.6: Beliefs of Mentees Before and After NWs (Brief Description)
Beliefs

Non-existent

Poor

Average

Quite Good

Very good

Before
After

6%
0%

22%
6%

39%
14%

22%
56%

11%
25%
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60%

56%

50%
39%

40%
30%

22%

20%
10%

25%

22%
14%

6%

11%

6%
0%

0%
Non-existent

Poor

Average

Quite Good

Very good

What do you believe about your maths ability?
Before

After

Figure 4.6: Beliefs of Mentees Before and After NWs

4.3.2.4

Mentee Motivation.

Table 4.7: Motivation of Mentees Before and After NWs (Brief Description)
Motivation
Before
After

None
19%
0%

Very little
19%
6%

Neutral
28%
19%

60%

Good
28%
56%

56%

50%
40%
28%

30%
20%

19%

19%

10%

28%
19%

19%

6%

6%

0%
0%
None

Very litte

Neutral

Good

I am motivated to work on maths problems
Before

After

Figure 4.7: Motivation of Mentees Before and After NWs
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Very Good

Very Good
6%
19%

4.3.2.5

Mentee Confidence.

Table 4.8: Confidence of Mentees Before and After NWs (Brief Description)
Confidence
Before
After

None
8%
0%

Very little
31%
0%

Somewhat
44%
33%

Quite
14%
58%

Very
3%
8%

70%
58%

60%
50%

44%

40%

33%

31%
30%
20%
10%

14%
8%

8%
0%

3%

0%

0%
None

Very little

Somewhat

Quite

Very

How Confident in your ability to do maths?
Before

After

Figure 4.8: Confidence of Mentees Before and After NWs

Tables 4.4 to 4.8 above show brief descriptions of the questions asked of the 36 firstyear PSTs who completed pre- and post-NW survey questionnaires (see Appendix E, p.
179, and Appendix F, p. 182), on their thoughts relating to the non-cognitive elements
(attitudes, behaviours, beliefs, motivation and confidence). Tables showing full
descriptions of the questions asked can be found in Appendix G (p. 185). Tables 4.4 to
4.8 along with their corresponding figures, above, show an overwhelming positive shift
in all the non-cognitive factors after the NW intervention. A full discussion of these
results appears in section 5.3.2.
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4.4. Phase 3: Mentor (Third-Year PSTs) Findings

Why did the mentors choose to be part of this project? One important reason was to
gain experience in teaching mathematics, the researcher also knew that these third-year
PSTs had been inspired by the experiences they had had during semester one, during
their regular mathematics classes, but mostly, during the NWs. This involvement is
where they had learnt about growth mindset and experienced the sort of learning that
they themselves wanted to pass on. The researcher gathered this initial information (see
Appendix H: Phase 3 – Pre-Mentoring Reflections, p. 189), and it is discussed below.
4.4.1

Pre-Mentoring Reflections.

To help stimulate their thoughts on past mathematics experiences, the third-year
mentor PSTs were asked to read the article ‘I Hate Maths!’ (Swan, 2004) and then to
share any critical incidents. Students noted this activity in their personal journal, and in
addition, discussed these incidents in a focus group with the researcher and their
mentor peers.
Mentors discussed what constituted a ‘critical incident’ (Refer to the definition in section
3.7.3.1, p. 80). In addition, the following statement was used to prompt this discussion:
‘A critical incident need not be a dramatic event: usually it is an incident which has
significance for you. It is often an event which made you stop and think, or one that
raised questions for you. It may have made you question an aspect of your beliefs,
values, attitude or behaviour. It is an incident which in some way has had a significant
impact on your personal and professional learning.’ (Monash University Research and
Learning Online, 2019).
Mentors’ responses were most insightful, and the researcher noted that they were
incredibly generous in sharing their past experiences.
4.4.2

During- and Post-Mentoring Findings.

In the second semester of 2015, meetings were held weekly between mentors and
researcher. The researcher and the third-year PSTs came to refer to these meetings as
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‘staff planning meetings’ since the participants were essentially working as a team to
plan their work. Minutes were taken and distributed via email so each mentor could
revise and plan for the following week. A dedicated learning management system (LMS)
site was created so that these minutes along with supporting documents (content skills
and strategies that were discussed in the meetings) could be uploaded and viewed by all
the mentors and the researcher. This LMS site was also used for the mentors to upload
their reflections. Only the researcher had access to these reflections. The data collected
was from the journal reflections (LMS), field observation notes (personal journals), group
interviews (informal PM weekly ‘staff’ meetings) and transcriptions from structured oneon-one interviews. Appendices I and J (p. 191 and p. 193) contain excerpts from the data
documents. Appendix L (p. 196) displays the results from the qualitative analysis of the
data for this final phase. A preliminary analysis of the data for this part allowed for initial
(or reference) codes to be recorded. The codes can be thought of as the attributes that
mentors possess that aid mentees develop a growth mindset. An initial analysis of these
codes led to their grouping into analytical codes, which assisted the researcher to
eventually collapse the information into the final themes. These themes summarise the
roles mentors assumed within this study (see Table 4.9 below).
The findings in Table 4.9 below are discussed fully in section 5.4.3, however it is
important to note at this point that the results below clearly show that the mentors
value the NW program for its ability to help them improve their level of expertise. The
mentors have become competent instructors, adept at using mindset strategies. They
have built trusting relationships in their learners, created safe, inclusive and supportive
learning environments. The mentors have inspired their learners and successfully
modelled quality teaching. They have shown excellent leadership qualities and an ability
to adapt to new situations and accommodate different learning styles. The mentors
have shown successful teamwork and a deep commitment to the profession. Mentors
became skilled at encouraging their learners and giving advice and reassurance. The PMNW program enabled the third-year PSTs to develop their vision of an effective teacher
of mathematics.
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Table 4.9: Thematic Analysis of the Mentor Data
Roles - Themes
Instructors
Mindset Skills
Trust & Relationship Building
Creating a Safe Environment
Model & Practise
Inclusion Togetherness
Support
Vision
Leadership and Responsibility
Adapt
Collaboration & Active Participant
Commitment
Encouragement
Advice & Reassurance
Reflect & Document Development
Feedback
Communication & Interaction
Initiative
Information

During

Post

60
46
33
13
17
17
17
14
10
11
13
4
8
8
7
3
3
1
0

90
85
12
30
17
15
14
13
11
4
2
10
5
2
1
3
1
1
1

Total Code
frequency
150
131
45
43
34
32
31
27
21
15
15
14
13
10
8
6
4
2
1

4.5. Summary

Work within this chapter presents the findings of the data collected from the three
phases of this study. Each phase of the study informed the direction that the subsequent
phase would take. The preliminary findings regarding the NW program (Phase 1), gave
sufficient evidence to conclude that the NW program was effective in helping PSTs
improve their mathematical content knowledge. Phase 2 (part 1) focused on first-year
PSTs’ mindset beliefs regarding the nature of mathematics whilst part 2 focused on the
changes in mindset beliefs (non-cognitive factors: attitude, behaviour, belief, motivation
and confidence) of 36 first-year PSTs (mentees) before and after a peer-mentored NW
program. The results of the initial survey of mindset beliefs showed that in general, the
first-year PSTs who volunteered to undertake further mathematics help classes (i.e.
those that became the mentees) harboured, by far, more negative mindset beliefs than
their first-year peers. This information would prove to be invaluable to the third-year
mentors when it came to planning the direction of the PM-NWs. The final findings
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(Phase 3) of the study provided a wealth of qualitative information from the perspective
of the mentor third-year PSTs. The analysis of this data allowed the researcher to record
the many attributes required of teachers if they are to be effective in teaching
mathematics. Further sorting and categorizing of the data allowed for the emergence of
themes relating to the roles that mentors saw themselves assuming in order to be
effective mentors within the PM-NW program.
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Chapter 5. Discussion

5.1. Introduction
The NW program was established in 2007 to help PSTs develop their mathematical
literacy. PSTs in both their first and third years were given the opportunity to attend the
NW classes which not only supported their studies within their regular mathematics
classes, but also gave them much-needed opportunities to develop their MCK. However,
it was clear that more support was needed in order that the students develop their
confidence, motivation, beliefs and behaviours towards learning and teaching
mathematics. In Semester One of 2015, the researcher began to focus heavily on
teaching mindset strategies within the NW program being offered to third-year PSTs. A
number of these participating PSTs were inspired to continue this work in the second
semester of 2015, hence the commencement of the peer-mentoring program. The PM
program enabled PSTs, both in their first and third year, to simultaneously develop their
mathematical literacy and their overall disposition towards learning and teaching
mathematics. Whilst there have been numerous studies conducted that describe
numeracy intervention programs, no similar study has been located in the current
literature that addresses the multi-faceted nature of this project. This project is unique
in its use of current first- and third-year PSTs working in partnership on aspects of both
MCK and MKT.

5.2. Phase 1: Discussion – The NW program, 2013
This first phase of the study focused on the improvement in PSTs’ mathematical content
knowledge after the NW intervention program. 24 third-year PSTs undertook a 30question diagnostic test before and after the NW program. This study focused on 10 of
these 30 questions (see Appendix B, Tables B.1 and B.2) , in order that they may be
discussed herein. The 10 questions focused on Number, with generally poor results in
the beginning (see Table 4.1: Pre- and Post-Test Scores (2013), p. 95). For example, just
over half (54.2%) of the PSTs correctly answered the subtraction question (7003 −
4078), half of the PSTs correctly answered the multiplication question (27.06 × 100).
The poorest results, not surprisingly to mathematics educators, were the fraction
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problems with only 25% of students correctly answering the question 0.8 expressed as a
4

8

fraction is 5 . Over one third of the PSTs thought the answer should be 100 showing a
concerning lack of understanding of place-value, and about one third of PSTs thought
1

the answer should be 8 – again a concerning misconception about decimal to fraction
24

conversion. Question 27 showed that only 29.2% of PSTs could correctly convert 40 to a
percentage and only 4.2% were able to correctly answer Question 28:
3
5

3

4

+ (10 × 15).

Figure 4.1, p. 96, displays the pre- and post-test scores for the 24 third-year PSTs. Quite
clearly, there is a marked improvement in the number of correct answers for each
individual PST in the post-test scores. Of particular note, Q.28 discussed above as having
only 4.2% of PSTs correctly answering before the NWs, post-NW, this increased to
58.3%.
The post-test questions were altered slightly from the pre-test questions, since the test
was administered within the same semester. This alteration was done to ensure that PST
did not use memorisation as a means of getting the correct answers.
Whilst each question showed an improvement in the number of students answering
correctly, statistical tests were performed in order to ascertain whether these results
were significant. A matched pairs t-test concluded that the mathematics test scores after
the intervention (NW program) were significantly higher than before the intervention. A
further statistical test was performed in order to confirm this result. The Wilcoxon
Signed Rank Test concluded that the post-test scores are significantly higher than the
pre-test scores.
Since no control group was used in this phase of the study, these results enabled only a
preliminary quantitative analysis of this data. Further studies in future will use both
control and experimental groups to draw conclusions about the impact of the NW
intervention program. However, for the purposes of this study, this preliminary
conclusion allowed the researcher to continue with the next phase of the study.
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Whilst it was encouraging to note that PSTs showed an improvement in the number of
questions completed correctly, what remained evident was that the PSTs still needed
more work in order to improve in their MCK. Six of the ten questions answered in the
post-test had above 80% of the PSTs attaining the correct answer. However, some
questions were still showing concerning results. For example, even though twice the
number of students answered Q. 2 correctly, this was still only 50% of the PSTs. One
semester of NW intervention was simply not enough time to allow for a satisfactory
result for all PSTs in terms of their MCK. The researcher recommends that the NW
intervention program would need to run for at least two semesters in order for all PSTs
to consolidate their MCK.
The inclusion of the ‘undecided’ answer column (Tables B.1 and B.2) enabled the
researcher to gather further valuable information. PSTs were asked to circle the
‘Undecided’ (U) option rather than guessing an answer to any question they did not
know how to complete. The researcher could then extract more information about each
question, and this would ensure PSTs did not achieve a correct answer just by guessing.
Table 4.2 (p. 99), Figure 4.2 (p. 100) and Figure 4.3 (p. 100) display the results for the
percentage of correct and percentage of ‘undecided’ answers pre- and post-testing.
These figures paint a very interesting picture about the students’ belief and confidence
in their ability after the NW program. Apart from one question, all questions had less
than 4.2% of PSTs as ‘undecided’ about the answer after the NW program. In fact, six
questions post NW program had all students believing they could answer correctly. It
can be seen by the percentage of correct answers that in fact not all PSTs did answer
correctly, but that they had attempted the question believing they could do it. This
outcome was encouraging evidence that something else was ‘at play’. The students’
attitude – possibly their belief in self, their behaviour, motivation and confidence – had
changed due to the intervention program. Remarkably, Q. 9, which initially had 70.8%
of PSTs undecided before, showed a very large decrease (to 16.7%) ‘undecided’ after
the NW program. Even though only 58.3% of PSTs correctly answered the question,
most now felt they could answer it. Although there is further valuable information that
could be extracted from these results, the purpose of including these preliminary results
in this study, is to set the background picture for the importance of the next phase of the
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study. In other words, the NW program up until this point, focused on PSTs’ MCK in
terms of attempting to improve their understanding of mathematics conceptually and
procedurally, in their reasoning and in their strategic competence. Quite clearly, PSTs’
attitudes i.e. disposition towards mathematics was changing and these mindset changes
would form the research focus for the next phase of this study.

5.3. Phase 2: Discussion – The Mentee PSTs, 2015

5.3.1

Part 1: Discussion - Mindset Beliefs on the Nature of Mathematics

The researcher had offered NW support classes to both first- and third-year PSTs since
2007, and administered pre- and post-diagnostic tests each year to the volunteer thirdyear PSTs, with similar findings as in the preliminary study discussed above. However,
2015 was the first time that first-year PSTs were surveyed. Their responses enabled the
researcher to gain a background understanding of first-year PSTs’ mindset beliefs, which
would then be used by the researcher and mentors to plan the peer-mentored NW
classes delivered.
The 212 first-year PSTs (2015) who completed the preliminary survey on Mindset Beliefs
consisted of 71% female students and 29% male students, with the majority (91%)
being below 25 years of age. From this number, 36 PSTs became the volunteer mentees,
of which 78% were female students and 22% were male students again with the
majority (80%) being below 25 years of age (See Appendix C, Table C.1 and C.2, p.176).
To gain a brief understanding of the general experiences the 36 first-year mentee PSTs
had with mathematics prior to entering university, responses to the following questions
were recorded (Appendix C, Table C.2, p. 176). When asked ‘How well did you do in your
last mathematics class?’, 20% responded ‘Not very well’ and 44% responded ‘OK’. In
other words, only 36% of PSTs stated they performed ‘Quite well’ or ‘Extremely well’
(i.e. above 70%) in their last mathematics class undertaken before university.
Furthermore, almost half of these first-year PSTs (46%) had experienced mostly
negative experiences with mathematics. The most problematic areas of mathematics for
first-year PSTs included having to perform fraction and decimal calculations and
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multiplication and long division algorithms. The mentees volunteered to participate in
the NW classes for the following four reasons: the need to improve their mathematical
understandings to a deeper level, to refresh or extend their current understanding of
mathematics, to learn how to teach mathematics and to increase their confidence.
Table D.1 (Appendix D, p. 178) displays the questions asked about the first-year PSTs’
mindset beliefs about the nature of mathematics. These questions were based on the
work of Jo Boaler (Boaler, 2014a, 2014b). Two examples of the types of questions asked
follow: ‘It is more important to understand the process than it is to get the right answer’
and ‘It is more important to think deeply and make sense of the work than getting the
right answer’. The 24 statements were arranged randomly within the questionnaire.
On analysis of the results from this survey, the researcher noted emerging themes and
hence grouped these into areas of interest to the researcher (see Table 4.3, p. 102), and
the statements were then numbered 1 to 24 for ease of discussion. It is important to
note here that the researcher was not gathering data on the first-year PSTs’ proficiency
in mathematics (i.e. conceptual, procedural, strategic competence, reasoning and
disposition), but in their beliefs about the nature of mathematics. The researcher
wanted to gain a base-line understanding of what first-year PSTs believed about
mathematics learning.
From past experiences, the researcher had noted that many first-year PSTs had fixed
mindset ideas about mathematics, and that the PSTs who volunteered to participate in
NW classes may in fact have more fixed mindset beliefs than their peers. The mentees’
beliefs about the nature of mathematics would give valuable insights that would inform
the next phase of the study. The three columns showing percentages of PSTs who
believed the statements were ‘True’, were arranged side-by-side in order that
comparisons could be drawn between the main cohort and the volunteer mentees. In
other words, the beliefs held by most of the first-year PSTs (i.e. the 212 first-year PSTs at
the beginning of semester before any formal mathematics class was undertaken), and
the beliefs held by the 36 volunteer mentees, before and after the NW intervention
program (i.e. at the beginning and end of semester).
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Note: The first-year cohort was not asked to respond to this survey again at the end of
semester (as the mentees were) because at the time it was difficult to gain access to the
same 212 PSTs. This outcome is a noted limitation, and in future studies it would be
worthwhile to ensure the same PSTs were surveyed at the conclusion of the semester in
order that any changes could be noted. For the purposes of this study, the researcher
was interested in the difference in mindset beliefs between the majority of first-year
PSTs and the volunteer mentee first-year PSTs.
The first striking finding was that in most questions the mentees had more fixed mindset
beliefs than the general cohort of first-year PSTs. The second important finding was that
after the NW program, the mindset beliefs of the mentee PSTs had improved to levels
close to those held by the cohort at the beginning of semester. This outcome seemed to
indicate that the NWs assisted the mentees, who initially had more fixed mindset
beliefs, develop a more positive disposition, that is, to have improved mindset beliefs
about mathematics, and in some cases, to have better mindset beliefs than the cohort
had shown originally.
Statements 1 to 6 were grouped for their connection to the ‘conceptual understanding’
aspect of one’s mathematical proficiency. Less than half (42%) of mentees believed that
‘it is more important to understand the process than it is to get the right answer’
(statement 1) compared to 92% of the first-year cohort, at the beginning of semester.
At the end of the NW intervention program, 89% of mentees believed this statement to
be true, more than doubling the percentage. 95% of the cohort initially believed that
‘mathematical concepts can’t just be accepted as right, the each need to be used, tested
and reflected on’ (statement 3), whereas initially only 56% of mentees believed this
statement to be true, but after the NWs, 94% of mentees believed this statement was
true, again, a very good shift in mindset.
Statement 6, ‘maths is all about learning lots of rules, methods, facts and procedures’
shows similar percentages for the cohort and mentees at the beginning of semester
(91% and 94% respectively) but after the NW program, only 41% of mentees believed
this was true. This result is an important shift in mindset about the nature of
mathematics, showing that the NWs assisted first-year PSTs in their understanding that
mathematics is not just about memorising rules and learning procedurally.
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The often-heard statement ‘you either have a maths brain or you don’t’ was analysed in
statement 8 i.e. ‘you have a certain amount of maths intelligence and you can’t really do
much to change it’. Only 15% of the cohort of first-year PSTs believed this to be true but
of great concern was that almost half of the mentees (46%) believed this to be true
before the NWs. After the NW program, only 16% of mentees believed this statement
to be true. Statement 9 relates to this mindset belief about intelligence: ‘there are limits
to how much people can improve their basic maths ability’. A staggering 69% of
mentees believed this statement to be true compared to 27% of the cohort, before the
NW program. Once again, at the conclusion of the intervention, the percentage of
mentees who believed this statement was true had more than halved to 33%.
Statement 10 related to effort and perseverance: ‘when I work hard, it makes me feel as
though I’m very smart’. 87% of the cohort believed this to be true at the beginning of
semester, but only 46% of mentees held this belief. At the conclusion of the
intervention, the percentage of mentees who believed that hard work actually made
them feel smart had increased to a very pleasing 85%. Statement 12 also relates to
perseverance: ‘I give up easily when the problem seems too hard’. Whilst the
percentages believing this statement was true, were similar at the beginning for both
cohort and mentee PSTs (54% and 57%), at the conclusion of the NW program, the
percentage of mentees who believed it was true had more than halved to 21%.
Interestingly, statement 13 (‘Knowing that with effort, everyone can improve their
mathematics’) had similar percentages for both cohort (94%) and mentee (83%) in the
beginning and for the mentees post NW (85%). This result was initially surprising since
statement 11 (‘if I work hard at maths I know I will get better at it’) showed that 47% of
mentees in the beginning felt that working hard meant they would get better at maths.
The difference in percentages may be due to the beliefs the mentees had about the
words ‘work hard’ and ‘with effort’. Working hard may have held a negative connotation
for the mentee PSTs since only 47% (statement 11) compared to 83% (statement 13)
believed these to be true. However, after the NW program, the percentage of mentees
who believed that effort related to improvement was similarly high for both statements
(94% for statement 11 and 85% for statement 13).
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Statements 14 to 16 relate to mindset beliefs about mistakes in mathematics. When
asked if they believed the statement ‘I like work that I’ll learn from even if I make a lot of
mistakes’, only 53% of mentees felt this was true before the NW program, but this
percentage increased to 88% after the NW program – the same percentage as the
cohort at the beginning of semester. A staggering 78% of mentees believed that ‘the
most important thing in maths is to get the answer right’ (statement 15) before the NW
program compared to only 25% of the cohort. After the NW program, the percentage of
mentees who believed this to be true dropped dramatically to 17%.
It is interesting to note that the mentees’ mindset belief relating to speed of completion
of mathematics problems was initially better than that of the cohort. Statement 17,
‘people who really understand maths will get an answer quickly’ showed that 71% of
the cohort believed this was true whilst only 47% of mentees believed this was true
before the NW program, but this dropped to only 9% after the NW program.
Statements 18 to 20 relate to PSTs’ disposition towards mathematics. Whilst 94% of the
cohort believed that ‘all learners must engage with mathematics’, only 64% of mentees
believed this was true before the NW program. However, once again, at the end of the
program, the mentees showed an excellent improvement in their beliefs in this area
with 100% of PSTs believing this statement to be true. Only 3% of mentees felt that
mathematics was boring and tedious work at the end of the program, compared to 57%
initially believing this was true (and 61% of the cohort). In fact, 97% of mentees
believed that ‘maths is fun and creative work’ (statement 20) after the NW, compared to
21% initially, and 33% of the cohort initially.
Statements related to the relevance of mathematics in everyday life and its connection
to other subjects (statements 21 and 22) did not show any dramatic increases in mindset
beliefs after the NW. However, mentees’ beliefs on the importance of learning
mathematics as a social activity, revealed much-improved beliefs. Statement 23,
‘working on my own shows that I am good at maths’ had similar percentages for both
cohort and mentee PSTs at the beginning of semester (61% and 67% respectively). At
the end of the NW program, only 19% of mentees believed this statement to be true;
again, a marked improvement in mindset beliefs. Finally, when asked if learning from
each other’s methods added to their own knowledge, initially the percentages were very
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similar (71% for the cohort and 73% for the mentees), but at the conclusion of the NW
program, 100% of mentees believed this final statement to be true, again showing a
great increase in mindset about mathematics.

5.3.2

Part 2: Discussion - Disposition of Mentees before and after the NW program

The 36 first-year mentee PSTs completed pre- and post-NW survey questionnaires (see
Appendix E, p. 179, and Appendix F, p. 182). Likert scale questions 8 to 12 were used in
Phase 2, Part 2 of this study. The mentees chose answers from these 5-point scales that
most represented their thoughts relating to the non-cognitive elements (attitudes,
behaviours, beliefs, motivation and confidence). For ease of comparison, their responses
to these questions were grouped into ‘before and after’ tables for each aspect studied.
The tables showing the full descriptions of questions asked, along with the percentage
results can be found in Appendix G, Phase 2, Part 2 – Disposition of Mentees before and
after NWs, p. 185). Tables showing brief descriptions of questions asked along with the
percentage results can be found in section 4.3.2 (p. 104).
The most overwhelming results, presented in Table 4.4 through to Table 4.8, particularly
when viewed from Figure 4.4 through to Figure 4.8, is the positive shift in all the noncognitive factors after the NW intervention. These positive shifts in mentees’ noncognitive elements meant that respondents moved from the lower end of each scale e.g.
for ‘attitude’, items such as ‘I hated doing maths’ showed a positive shift towards the
upper end of the scale, to the item labelled as ‘I now love doing maths’. This notable
positive shift is apparent in each of the non-cognitive elements, readily seen by viewing
the orange shading of each figure compared to the green shading.
The second interesting result arises from each of the five non-cognitive elements
studied. The lower-most category (for example ‘I hate doing maths’, ‘I feel very
sick/anxious/afraid’, ‘I believe my maths ability is non-existent’, ‘I have no motivation’
and ‘I have no confidence at all in my ability’) after the NWs, was not chosen at all by
any mentee. The greatest drop for this lower-most category was for motivation. Initially
19.44% of mentees responded that they had no motivation at all to even begin a
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mathematics problem, whilst at the end of the NW program, no mentee assigned a
value to this category.
The second-highest point in each of the five non-cognitive factors also paints an
interesting picture. The percentage of mentees who marked this second-highest
category doubled for the motivation element (28% to 56%), almost doubled for the
behaviour element (33% to 58%), almost tripled for the beliefs element (22% to 56%),
more than tripled for the attitude element (17% to 56%) and more than quadrupled for
the confidence element (14% to 58%).
Where initially (i.e. before the NWs) there appeared to be a more even spread between
the five points in each scale (e.g. see the green bars in Figure 4.4 and Figure 4.7), or a
greater spread towards the lower three points on the scale (see Figure 4.8), quite clearly,
after the NWs, the spread in each of the five elements was concentrated in the upper
three categories of each scale. These stirring results confirmed the researcher and
mentors’ reflections throughout the program, that the peer-mentored NW program was
making a significant contribution to the mindset beliefs of each first-year mentee. In
other words, mentees showed an improved attitude towards mathematics. An improved
attitude is desirable since it plays a key role in building and maintaining motivation, and
affecting the effort one puts into completing a task. Mentees certainly displayed more
effort, persistence and motivation in their work as the semester progressed. Mentees’
belief in their own ability to carry out mathematical problems also showed
improvement. An improvement in one’s belief is desirable since it ultimately affects
achievement of their goals. The mentees noted an improvement in their physical
reactions or behaviours when doing mathematics after the NWs and a greater
confidence in their abilities. Mentees were willing to move beyond their ‘safe’ level,
willing to try more challenging problems.
‘Many of the mentees revealed they had significant gaps in their learning leading to
fear and a progressive hatred of maths over time with their future goals aimed at
regaining their own confidence.’ (Sam)
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5.4. Phase 3: Discussion – The Mentors, 2015

5.4.1

Pre-Mentoring Reflections

The twelve third-year PSTs had developed a sense of interest and belonging in the
mathematics education space, hence volunteering to be mentors in the program. From
their previous work two years prior, whilst undertaking numeracy classes as first-year
PSTs themselves, they understood many of the issues detrimental to success in
mathematics. They were alert to feelings of failure stemming from past negative
experiences, a lack of motivation, feelings of anxiety about learning and teaching
mathematics, a ‘learned helplessness’ of ever being capable of learning mathematics, a
conviction of simply not being ‘maths minded’. As demonstrated below in a series of
comments from these PMs, it was clear that many of these understandings came from
personal experience:
You either love or hate maths. After much research and participation in university
tutorials, I realise that attitudes and current perceptions about maths often relate to
past learning experiences. I once loathed mathematics myself so I understand that to
give students positive, engaging, meaningful and relevant learning experiences I had
to overcome my fears and anxieties. (Ava)
I hated Mathematics at school and was absolutely terrified of doing further classes at
university. I believed I knew enough mathematical content. But after attending these
third-year workshops I realise how much I still need to learn. (Julia)
As third-year PMs we’re well placed to share with the first-years. They will soon
realise that these workshops allow them to develop metacognitive skills. This
understanding is gained from positive experiences that can change attitudes to
mathematics. (Ben)
As mentors, we can show how maths can be fun and engaging. We can demonstrate
flexible ways of working with number. Using conceptual methods and concrete
materials, I’m now part of a positive change. We want peers to enter future
classrooms confident and excited about teaching maths, to be part of what Swan
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(2004) calls a positive ‘flow-on’. We’re part of a group consolidating skills and
knowledge and helping to build expert learners. (Ava)
Previous maths experiences left me with a complete lack of confidence. In high school
I was treated as if I was not making an effort, I ended up left behind. So I understand
what it’s like to feel overwhelmed and the anxiety evoked from that. These feelings
easily transform into negative thinking and low self-confidence. The NW program has
helped me change from having a fixed to a growth mindset. I now believe I can do
maths, and more importantly I can teach it. (Alex)
These examples demonstrate that many of the PMs were aware of issues that led to an
attitude of avoidance and continued negativity toward mathematics. Of course, the
group included others, who shared a more positive experience, and wanted to be part of
the journey for other reasons:
During different practicums, I’ve had teachers tell me I was welcome to teach all the
maths because they didn’t really feel comfortable teaching it themselves. If this was
their attitude, how could they teach it effectively? Maths always made sense to me, I
was surprised to find ‘maths phobia’ so prevalent in our schools. Toward the end of
first-year, I realised many peers shared this phobia. So, I decided to become a primary
school mathematics teacher, believing this is where the fear of mathematics begins.
When I tell people, I want to teach maths, they are usually surprised. “Oh, why would
anybody want to teach maths? I hate maths; it doesn’t make sense”. I have a huge
job ahead of me. (Sam)
The first challenge the PMs were determined to address was that of poor attitudes and
incorrectly held beliefs – that is, challenging fixed mindsets. They decided that to set
peers on a path of enjoying and engaging with mathematics, they needed to share their
own experiences, as appropriate. They considered that in acknowledging personal past
difficulties, negative attitudes and beliefs, they would be able to build a strong
relationship, to lead by example, and be able to demonstrate the gains acquired by
creating and sustaining nurturing classroom environments (see Appendix H (p. 189) for a
detailed summary of the mentors’ reflections).
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5.4.2

During-Mentoring Discussion

Mentees were constantly surprised at the many and varied ways of solving problems. At
times mentors would present new strategies to the mentees, whilst at other times, the
mentees were guided to ‘discover’ their own methods. Ultimately, sharing each other’s
strategies within small groups or by presenting on the board allowed all students to
learn from each other and to practice teaching. Gaining this deep conceptual
understanding of a topic first, allowed PSTs to uncover faster or more efficient ways of
working on the problems, thereby gaining procedural fluency.
As the mentees determined how to address problems, they also focused particularly on
building ‘number sense’ through effective reasoning. The work presented was in line
with that of Boaler (2015a, p. 2), who discusses ‘the fact that students achieve more
highly in mathematics if they have number sense [and that] … number sense is the
foundation for all higher-level mathematics’.
Following is an example of a typical numeracy workshop lesson, which explored
multiplication in depth. It begins with asking students how they would solve 18 × 5
without writing down or using the traditional algorithm (Boaler, 2009, p. 156). To
highlight the importance of learning to use each other’s methods, PSTs were constantly
encouraged to discuss different ways they thought about the problem. For, as Boaler
(2015a, p. 1) explains, ‘People with number sense … use numbers flexibly’. Examples of
how different students think flexibly about how to calculate 18 × 5 follow:


10 × 5 = 50 then 8 × 5 = 40 then 50 + 40 = 90



20 × 5 = 100 then 2 × 5 = 10 then 100 − 10 = 90



9 × 5 = 45 and 9 × 5 = 45 then 45 + 45 = 90

Mentees were guided through the different stages of understanding the multiplication
concept, starting with arrays. ‘Using arrays to represent both the multiplication and
division concepts allows multiplicative thinking to be viewed as interconnected
knowledge’ (Booker et al., 2014, p. 269), thus supporting the quest for conceptual
understanding. Using counters, students built arrays, discussed the correct recording of
multiplication problems and the appropriate language to use. The commutative property
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was discussed as in the following example where 3 rows of five items or ‘3 fives’ (Figure
5.1) has the same number of items as 5 rows of three items or ‘5 threes’ (Figure 5.2).
5
×3
15

3
×5
15

Figure 5.1: Three rows of five
Figure 5.2: Five rows of three
The distributive property of multiplication was explored by sectioning parts of the
arrays, for example: 3 × 5 was represented as 3 × 2 + 3 × 3 (see Figure 5.3, below).

Figure 5.3: Distributive Property of Multiplication using arrays
Using region models with grid paper followed, and led into the more efficient ways of
representing arrays for larger numbers. For example: 123 × 3 would require drawing 3
rows of 123 items, an obviously inefficient method. This region model (also known as an
area model or multiplication diagram) was the next step in studying the multiplication
concept (see Figure 5.4: Multiplication Diagram).

3

100

20

3

300

60

9

123
 3
9
60
300
369

Figure 5.4: Multiplication Diagram

Figure 5.5: Multiplication by Parts

As presented in these diagrams, there is value in showing the different ‘parts’ to a
multiplication problem; it assists learners by leading them into the preliminary vertical
recording ‘by parts’ (Figure 5.5), and finally the traditional recording of the multiplication
algorithm (not shown here). Next, place value mats and base 10 materials were used to
visually represent the multiplication problem. Further methods such as lattice
multiplication and Japanese multiplication using lines were also investigated. The
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mentees shared their surprise with mentors on learning the many varied approaches to
solving problems. Their sincerity and positive approaches encouraged the class as a
community of learners to think deeply, to represent solutions in as many ways as
possible, to discuss the mathematics with their peers and to reason through all the
processes undertaken. The mentors, as much as the mentee PSTs, further developed
their conceptual understanding. Selected quotes, below, from the third-year mentors,
highlight these developments:
In first-year I attended the mathematics workshops. I had no idea then that they
would transform my understanding. Now as a third-year mentor, blending a
learner's perspective with a teaching perspective, I have further broadened my
understandings. (Viv)
I grew up through the procedural style of mathematics instruction, so engaging
with mathematics in a conceptual way was a revelation to me. I now see how
ideas relate. For example, what occurs when the ‘1’ is ‘carried’, how multiplication
and division relate to each other as well as to fractions. Mathematics is constantly
revealing new ways of thinking and calculating. There were so many simple details
I’d missed or misunderstood. I enjoy mathematics now. (Alex)
This program helped us review, revise, and refresh our maths understanding. We
de/re-constructed mathematical equations and connected our thinking with
different teaching methods. We had opportunity to practise appropriate language
and methods, gaining more than just deeper understandings. Practising newer
methods of teaching and learning is so relevant and appropriate, not just for us
but also for our future students. (Kath)
Using appropriate language and demonstrations of techniques helped us deepen
understanding, knowledge, and teaching practices. Our explanations use correct
maths language, which is often difficult to master, but it really assists everyone to
understand procedures and reduces misunderstandings. The material is delivered
in a manner that emphasises understanding of underlying concepts, by using
concrete materials and pictorial representation. Many times I heard ‘this just
makes so much sense’ which indicates that the first-year PSTs are not just gaining
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greater understandings but also an awareness that teaching maths is both
possible and enjoyable. (Jessie)
Number sense is where I see all the wonder in mathematics. I’ve had more ‘Aha!’
moments from sharing different ways to solve problems than in any other part of
my maths experiences. Number sense is integral to my success and to a student’s
success. I need to support my students to recognize and understand the
differences in their ways of thinking. (Alex)
As the PMs explained, demonstrated and questioned the mentees’ level of
understanding, they were also aware that they were addressing what Boaler (2015b)
discusses as ‘the core of mathematics’; that is, reasoning and thinking through why
methods make sense and discussing with others why different methods work. As
explained by one PM, the explicit nature of this style of teaching involved first-year PSTs
watching the third-year PMs demonstrate the concept using materials, ‘then everyone
working together and finally independently in a manner which demonstrates
understanding’ (Jessie). The following quote kept the PMs on task: ‘Reasoning
mathematically involves observing patterns, thinking about them and justifying why they
should be true in more than just individual instances’ (Reys et al., 2012, p. 99). The
pedagogical considerations were not lost on the PMs, as explored here:
The PM program assisted first-year PSTs to learn about teaching mathematical
operations. It’s hands-on learning that provides a critical review of teaching
processes. As PMs, we gathered weekly to discuss not only the mathematical
operation but also the different ways it could be taught. All operations were
modeled, discussed, explained and refined to allow continuity in transfer of
learning between mentors, lecturer and students. (Kath)

In one session, a jubilant learner finally understood a multiplication algorithm
once demonstrated as in the example above. In another, a learner questioned the
use of the factor tree, seeing it as time consuming. We discussed how an
understanding of factors is useful when simplifying fractions. He later said, “I see
the value now; it’s good to understand terms such as factors, prime numbers,
composite numbers and multiples”. In another session, learners were asked how
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they would demonstrate the problem 42 - 13 using a place value mat and base 10
materials. One student placed both numbers (42 and 13) on the place value mat
(as would be done if adding), then struggled to explain how this subtraction could
be demonstrated. ‘I know the answer is 29; I don’t know how to show it’. We
modeled the problem through to completion. (Ava)

Educators now understand the consequences of acquiring procedural knowledge
without the associated conceptual knowledge. Indeed, the omission of any one of the
five areas of mathematical proficiency may lead to developmental problems. Learners
may develop a limited understanding of mathematics; being able to perform certain
procedures but not understand the correct context within which to use them nor have
the capacity to make sense of their answers. Learners may compartmentalise subject
knowledge and hence show an inability to make connections between mathematical
ideas. Learners may see classroom mathematics as tedious or unexciting with no
relationship to real-life situations. Learners may become anxious at the thought of doing
or indeed whilst trying to work on mathematics. Their motivation, belief in their own
ability, their attitude and confidence may decrease to the point where it affects their
future career choices.
PSTs realised that in order to learn a concept fully, they need to experience it in a variety
of forms (Sullivan, 2011). PSTs practised using materials (including models, drawings and
physical materials), correct vocabulary and finally symbolic representations (including
traditional algorithms) to represent solutions. By communicating ideas with each other –
explaining their thinking, always verifying if their answers were reasonable, being
diligent in their methods and always trying to relate concepts learnt to the real world, all
PSTs were practicing aspects of the five mathematical proficiencies.
Mentees witnessed expert teaching in a variety of ways. Watching the PMs and their
teacher model different teaching methods (not just the varied content methods
discussed previously, but social methods such as one to one, small group, whole group
etc.), then allowing mentees the opportunity to practise teaching others, has been a
highlight of this program. These opportunities allowed students to gain invaluable
experience in all the practical considerations needed when teaching mathematics:
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where to situate themselves whilst up ‘at the board’ and how to write on the board in
order that learners can clearly see and understand. Students practised how best to use
their voice, how to recover from mistakes that they made especially whilst at the board
and how to use these as valuable learning opportunities for all. In clinical teaching
studies it has been found that teachers spend far too much time talking to rather than
with their students, ‘with teachers out-talking students by a factor of three’ (Hattie &
Yates, 2014). When students are allowed more time to discuss, far more learning occurs,
and students are more engaged in their work. These strategies were also practised in
NWs. Far more group work and discussion occurred in these lessons than typical
‘teacher at the front’ lessons. There is, in fact, an abundance of literature supporting the
importance of mathematical discourse. Discourse facilitates shared meaning, supports
participation, helps to develop and clarify thinking patterns (Berenger, 2018; Fennema et
al., 1999; McClain & Cobb, 2001; Skemp, 2009). When students critically examine each
other’s reasoning and participate in the resolution of disagreements, students learn to
monitor their own thinking. This outcome advances their reasoning skills about
mathematical concepts (Artzt & Yaloz-Femia, 1999). The PM-NWs encouraged PSTs’
understanding that ‘argument and controversy, which rely on mathematical reasoning
for validation, are naturally a part of mathematical discourse’ (Pape et al., 2003, p. 181).
Along with the practical teaching practice, PMs were passionate in their delivery of
growth mindset messages. Together with their teacher, PMs were confident that by
sharing their own growth experiences with the first-year mentees that negative
attitudes could be mitigated. Finally, mentors reflected regularly on their experiences,
allowing them to improve their future behaviour. This ability to reflect is a characteristic
of good professionals, for as Korthagen (2017, p. 392) notes ‘strong professionals learn
from their experiences in a conscious and systematic manner’.

5.4.3

Post-Mentoring Discussion – Attributes and Roles

The mentor data collected from journal reflections, field observation notes, group
interviews and transcriptions, formed a vast body of information. Initially, the text was
analysed in order to extract the elements mentioned by the mentors as being critically
important to them in their role. These elements, called reference codes, can be found in
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Appendix L (p. 196). Each code had a specific meaning. For example, ‘Flexible’ meant
that mentors felt they needed to be flexible in their approaches to teaching, whilst
‘Flexible Grouping’ meant that PMs felt that being flexible in terms of how they grouped
their mentees for optimal learning, was important. Once these codes were analysed
further, similar codes were aggregated together, thus forming the main themes.
The themes are arranged below in order of frequency of occurrence. That is, the number
of times the mentors mentioned a particular element (code) was recorded and totalled,
then these codes were collapsed into the 19 themes (roles). The dot points below each
of the 19 ‘Roles’ are the ‘Attributes’ of an effective mathematics teacher. Whilst each of
the 19 roles assumed was obviously important within the program, clearly the most
important roles as discussed by the mentors, related to being instructors, to teaching
mindset theories, to building relationships and creating safe classroom environments
(note the associated frequencies).

1. Instructors (f = 150)


Mentors plan for lessons thoroughly



Mentors explicitly demonstrate current best-practice teaching (vocabularymodel-symbolic) methods in primary school mathematics



Mentors use a variety of lesson instruction styles e.g. exploratory lesson
techniques that allow mentees to ‘discover’ their own understanding, direct
instruction and investigative-type lessons, constantly aiming to engage each
learner



Mentors integrate their knowledge with practice, explicitly demonstrating the
skills needed in all aspects of MKT, particularly focusing on helping the mentees
understand the importance of higher-order thinking



Mentors focus on using the five areas of mathematical proficiency (MCK),
specifically instructing mentees in conceptual and procedural practices, of using
mathematical discourse to reason mathematically and to instruct mentees in the
various strategies that can be employed in problem-solving, hence in becoming
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more strategically competent. Mentors noted the value of repetition in
consolidating their MCK and MKT – especially the importance of repeating the
NW program in PSTs’ first and third-years

2. Mindset Skills (f = 131)


Mentors decided they need to use the Positive Classroom Norms information
(Boaler, 2015b) prior to any mathematics content instruction. Teaching growth
mindset strategies explicitly in the beginning, then reinforcing these learnings
throughout the workshops, they felt, was most successful for the first-year PSTs
o Mentors helped mentees ‘face their fears’, i.e. acknowledge negative
feelings surrounding mathematics, thereby reducing anxiety
o Mentors helped mentees remain calm and relaxed during lessons
o Mentors continually monitored any negative self-talk and reminded
mentees of the consequences of this damaging dialogue
o Mentors helped mentees explore all options in terms of seeking help to
work on mathematics (during and outside of lessons)
o Mentor and mentee work together to decide what action to take in times
of doubt
o Mentors helped mentees review and reflect on their actions in attempts
to change fixed mindsets to growth mindsets
o Mentors showed mentees the value of mistakes as learning opportunities
o Mentors promoted depth in understanding rather than just the final
answer or having to work fast



Mentors particularly noted their own growth in confidence due to their
experiences in this mentoring program (f = 38)



Mentors noted the enjoyment they now had with teaching mathematics, the
important role they had in inspiring learners and in ensuring no one was left
behind.



Mentors were persistent in their own efforts with the mentees, but also noted an
increasing persistence by the mentees themselves as the program progressed
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3. Trust and Relationship building (f = 45)


Mentor and mentee share their own current beliefs and understandings but are
open to changing these as they work together to form new understandings



Mentors note that mentees increasingly act on their suggestions as the lessons
progress and that
o Mentees become increasingly open about their weaknesses and therefore
more confident to initiate discussions on areas of need
o Mentees are ultimately willing to take risks because of the trusting
relationships that have been built



Mentors note particularly the importance of knowing their students (the
mentees), and of building a good rapport as they interact with them

4. Creating a safe environment (f = 43)


Mentors actively use Growth Mindset strategies to create a classroom
atmosphere in which learners feel safe and willing to take risks (f = 36)



Mentors continuously make a conscious effort to always be welcoming, friendly,
pleasant, calm, happy, non-judgemental, empathetic



Mentors have the ability to manage the organisational aspects of the lessons
conducive to forming a positive environment

5. Model and Practise (f = 34)


Mentors demonstrate specific teaching strategies (one-on-one, small group,
whole-class)



Mentors model use of voice, positioning in classroom or at the board



Mentors demonstrate how to incorporate theory with practice



Mentors share learnings on mindset practices and model these values
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Mentors note that mentees become increasingly willing to practise teaching
methods with each other

6. Inclusion and Togetherness (f = 32)


Mentors allow as many opportunities as possible for the mentees to ‘teach’
during the NW



Mentors work to actively treat mentees as colleagues, valuing each members’
contributions



Mentors work alongside each other for the same goal – learning and teaching
together



Mentors share experiences with each other and with their mentees, ensuring
each member feels included



Mentors actively encourage partnerships between each party i.e. between
mentor, mentee and teacher, thus forming and inclusive community of practice.

7. Support (f = 31)


Mentors support mentees in their learning and in their professional development
as a teacher e.g. by scaffolding learning.



Mentors get to know their mentees well during the course and are therefore able
to give them guidance and support in their specific needs



Mentors support each other’s professional development by researching,
planning, discussing, practising lessons



Mentors support their teacher by assisting with planning lessons, discussions, by
executing teaching lessons of different duration, by endorsing why certain
practices are best, etc.
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Mentors support the mentees by encouraging them to attempt problems that
are more challenging. The mentees take on these more ‘risky’ mathematics
problems because they feel well supported by the mentors

8. Vision (f = 27)


Mentors possess a vision for the sort of mathematics teacher students need



Mentors are passionate about inspiring current first-year PSTs and their future
school-students and desire to give them similar experiences as they themselves
have had within this unique NW program



Mentors mention the desired flow-on positive effects of this particular NW
program, and the hope that the current mentees will continue to pass on these
positive effects when they themselves become mentees, but also with their own
future school students

9. Leadership and Responsibility (f = 21)


Mentors have the ability to lead by empowerment, support and challenge



Mentors have a preparedness to accept overall responsibility for the successful
teaching and learning occurring



Mentors have the ability to contribute to the decision-making process (e.g.
collectively plan, teach and evaluate lessons) and expectations of the program



Mentors feel accountable for their actions within the classes, and this
accountability grew to the point where the teacher could step right back from
the teaching, as the program progressed

10. Adapt (f = 15)


Mentors have the ability to accommodate different learning styles



Mentors modify their teaching according to students’ individual needs, including
various physical grouping arrangements



Mentors cope and adapt when faced with unplanned situations
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Mentors work flexibly with their teacher and their mentees by, at times,
readjusting their expectations without judgement


Mentors harmonize their own teaching with their peer mentors

11. Collaboration and Active participant (f = 15)


Mentors practise cooperative learning strategies to ensure mentees share an
equally important role in the NWs



Mentors use team-teaching strategies with each other and their lecturer –
working together to improve skills and knowledge



Mentors understand the importance of a mutual sharing of ideas and methods,
forming a community of shared practice



Mentors reflect together on teaching (success and failures)



Mentors participate in discussions with their mentees (and with each other preand post-session) in order to help elucidate thinking



Mentors work together efficiently to achieve a common goal

12. Commitment (f = 14)


Mentors are fully involved and committed to this extra-curricular activity, shown
by the number of hours they have dedicated to this program (see Appendix C,
Table C.3, p. 177)



Mentors show unwavering dedication to the cause of helping others overcome
their mathematics anxiety and to learn to have a growth mindset in mathematics



Mentors are committed to passing on the knowledge they have learned over the
time spent in the NW program

13. Encouragement (f = 13)


Mentors encourage mentees to try new or different methods, thereby helping
them to expand their repertoire of knowledge
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Mentors encourage mentees to begin new problems using various prompts



Mentors encourage mentees to work on more challenging problems

14. Advice and Reassurance (f = 10)


Mentors explain expectations for university work for the current mentees’
subject and for the subjects in the years ahead



Mentors share information of their own progress from first to third-year, thereby
reassuring the mentees



Mentors share constructive comments on areas of weakness



Mentors advise mentees in areas of professional experience practices, thereby
giving the mentees a ‘heads-up’ of what to be on the lookout for during
upcoming practicum placements.

15. Reflecting and Documenting development (f = 8)


Mentor and mentee reflect, discuss and document their learning (discussions,
observation notes, work records - ‘ah-ha’ moments as well as challenging
moments) in order to continue to develop as learners and teachers. Mentors in
particular:
o Reflect on their own thinking and understanding – metacognitive skills
o Reflect on their own teaching practice
o Reflect on their mentees’ learning
o Reflect on the use of their teaching models with the ‘class’



Mentors debrief with their teacher and from these reflections, strengthen the
effectiveness of their strategies and tailor future lessons on the knowledge of
what they have learned
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16. Feedback (f = 6)


Mentors give immediate feedback on progress during a task, whilst sitting next to
the mentee or when they work at the ‘board’ with them, thereby increasing
learning efficiency



Mentors note that mentees act more readily on timely feedback to improve their
practice

17. Communication and Interaction (f = 4)


Mentors familiarise themselves with their learners and work to become attuned
to their needs. They do this by initiating discussions, and encouraging positive
interactions with the mentees



Mentors encourage open communication – mentor and mentee understand the
need to watch and listen carefully, at all times respecting and valuing each
other’s ideas



Mentors encourage mentees to communicate their needs – mentors address
specific areas of concern (particular mathematics topics, teaching strategies,
university work habits, negative or fixed mindsets)



Mentors have the ability to interact with peers in order to assist, observe and
provide diagnostic comments (both within their own year level and with the firstyear mentees)

18. Initiative (f = 2)


Mentors increasingly take on more responsibility during NWs



Mentors have the ability to be innovative – e.g. drawing on a range of teaching
strategies as well as creating strategies of their own



Mentors note that their mentees increasingly volunteer for more teaching
practise (especially in the role of whole-class teacher)
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Mentor and mentee are conscious of and take responsibility for their own
learning

19. Information (f = 1)


Mentors provide (or know who to refer to) resources to assist learning (student
support services, learning tools, mathematical resources)



Content knowledge information: mentors consolidate their own MCK and help
mentees to learn mathematical skills, because they view the content from the
perspective of a teacher i.e. a teacher learns best by having to teach the work

Current literature abounds with information regarding the importance of preparing PSTs
to be effective members of the profession. Laureate Professor John Hattie states in
AITSL’s Strategic Plan for 2019 – 2022 that educators need to work together to ‘secure a
high-quality education system … by improving the level of teacher expertise’ (Australian
Institute for Teaching and School Leardership (AITSL), n.d., p. 1). Bahr and Mellor (2016,
p. iii) discuss the multifaceted nature of teachers’ work stating that ‘it is easy to see that
teaching has become a difficult profession’. In particular, Bahr and Mellor (2016, p. iv)
question whether teacher education programs are preparing teachers for the many and
varied challenges they will face in the workplace: ‘it is evident that the new work order is
demanding a very different type of worker: one that is self-initiated and collaborative;
responsive and reactive; is able to … communicate [effectively] and is capable of creating
new social identities’.
The findings discussed in section 5.4.3 are significant in the context of this current
literature, clearly showing that the peer-mentored numeracy intervention program is
helping to improve the level of PSTs’ expertise. The mentors have become competent
instructors, adept at using mindset strategies. They have built trusting relationships in
their learners, created safe, inclusive and supportive learning environments. The
mentors have inspired their learners and successfully modelled quality teaching. They
have shown excellent leadership qualities and an ability to adapt to new situations and
accommodate different learning styles. The mentors have shown successful teamwork, a
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deep commitment to the profession. Mentors became skilled at encouraging their
learners, and giving advice and reassurance.
Findings 15 to 19, although low in frequency of occurrence, are included in this
discussion, for the sake of completeness. The success of the program relied on each of
the roles and attributes listed, and in any future iteration of this program, each of the 19
roles and attributes would be used as a basis for training discussions with new
volunteering mentors.
The mentors showed that they were prepared to be fully-fledged teachers. Some of their
sentiments from direct quotes follow:
‘This ability to recognise my own weaknesses and how being made to feel
mathematically inadequate, will now become a strength in my teaching career’(Ava)
‘I will not allow a student within my classroom to feel that they cannot achieve a level
of mathematics accomplishment that they can be proud of’ (Viv)
‘The major advantage I have when entering a teaching career is that I understand
what it feels like to be the kid with the learning difficulties and I will actively endeavor
to make my learning environment cater for all learning needs’ (Alex)
‘The worst mistake is not to ask for help but sometime it’s the hardest thing to ask
for’ (Ben)
‘I have to remind myself that I have become a teacher for many good reasons but
also due to those bad experiences. I hope to never make or let my students feel that
way about anything they do’ (Sam)
‘I have begun to understand that I do not have to be a genius at mathematics. I do
however have to know how to teach maths effectively. I need to teach mathematics
in a way that my students can understand and want to understand. I hope to learn
about maths daily with my students, gaining help from my peers, colleagues, parents,
friends and students along the way. I will always be honest about my maths abilities,
for hiding away from the problem will never solve it’ (Jessie)

139

5.5. Summary

Offering additional mathematics support, i.e. the NW classes, and using the dedicated
numeracy workbook, has helped improve PSTs’ proficiency in many aspects of MCK.
Their conceptual and procedural understanding of the most problematic topics in
mathematics has increased. PSTs demonstrate their mathematical proficiency by their
ability to answer questions in multiple ways, or use a variety of models to explain
mathematics to others using combinations of models such as verbal, symbolic or use of
models. These classes are beyond the regular university mathematics classes, and help
improve PSTs’ content knowledge – both conceptually and procedurally. The NW classes
assist with PSTs’ strategic competence and reasoning skills in mathematics. Pre- and
post-NW mathematics tests showed a significant improvement in PSTs’ mathematical
literacy, but further studies involving control groups are needed to confirm these results.
Underlying issues such as mathematical anxiety and fixed mindset are inhibitors in the
development of mathematical understanding; hence, the researcher helped PSTs
overcome these by instigating an additional component to the traditional NW classes,
that is, the use of peers as mentors, to allow other PSTs to become more resilient with a
greater capacity to learn. Third-year PMs and researcher embodied and taught growth
mindset theories, based on Jo Boalers’ positive classroom norms (Boaler, 2015b) in each
NW lesson. The first-year PST mentees showed an overwhelming improvement in their
disposition towards mathematics. After the NW intervention, mentees had improved
attitudes, behaviours, beliefs, motivation and a greater confidence in their abilities.
The researcher and PMs, with a mutual underlying social constructivist alignment,
worked in partnership to assist first-year PST improve their MCK and their MKT. PSTs
who chose to become mentors clearly displayed attributes of effective teachers of
mathematics, and assumed a number of roles that were important in the mentoring
relationship. Amongst other things, the success of the mentoring program relied on the
mentors’ leadership and vision for what teaching should be. The PMs showed an
overwhelming commitment to the program and by far the greatest roles they reported
as important were those of instructor and purveyors of mindset theories.
Mentors also noted increases in their own mathematical proficiency and satisfaction as
successfully helping to change fixed mindsets to growth mindsets in their mentees.
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Mentors noted improvements in their own self-efficacy and communication skills and an
increased understanding of leadership qualities. Their sense of purpose and
responsibility affirmed their dedication to the teaching profession.
Setting up and modeling positive norms in the classroom (Boaler, 2015b) using positive
messages and approaches toward mathematics, has seen all learners develop in
confidence. The PMs were used to working in environments such as this, from their past
NW experiences, therefore they accepted the value in building environments where, it is
safe to take risks, useful to rise to challenges, and worthwhile to dismiss preset levels of
comfort. The following quotes demonstrate how well the PMs valued the act of carefully
listening to and questioning mentee PSTs to uncover misconceptions, and to expose
current knowledge:
As a PM, I’m able to provide reassurance that it takes time to become efficient i.e.
keeping up with modern and often unfamiliar mathematical language. I have
clarified my learning and understanding, which has had a really positive influence
on my confidence. I’m now better able to provide enriched learning experiences
and I understand why we need to continue with current research. (Viv)

We are comfortable asking questions and sharing misconceptions. We see how
content taught well can clarify understanding. (Eve)

Over the last few years, maths has turned into constant ‘Aha!’ moments. I’ve
overcome long-existing negative beliefs. The challenge was at times frustrating
but encouragement and persistence prevailed. I’m now confident and eager to
teach mathematics. (Ava)

Mentoring for me is applied learning. The opportunity to practice, to make
mistakes and to learn in a much deeper way, can only be recommended. Be open,
be flexible, listen and enjoy the social atmosphere of mutual learning in a safe
environment. (Alex)
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For some learners, this has been a first-time experience and has elicited a sense of
social and emotional safety. (Ava).

The PMs used and modelled positive feedback techniques, encouragement on
persistence, unpacking of mistakes, and so on, and found they increased motivation in
themselves as much as in the mentees.
As discussed previously, past negative experiences and mathematics anxiety affect
learning. For successful learning to occur, one must have an awareness and an
understanding of their own thought processes and their internal responses to learning.
These metacognitive skills are critical to helping improve one’s mindset, and the
mentors’ deliberate attempts to cultivate a positive attitude to learning was of benefit
not only to the mentees, but also to themselves. Furthermore, both groups benefitted
from these extra opportunities to practise teaching mathematics. This result is especially
true since many PSTs note not having enough time to adequately do so in their school
placement schedules.
Being involved in this process was noted as enabling the PMs to better understand
the traps and difficulties of teaching mathematics for understanding and was noted
as providing opportunity to teach more empathetically. The PMs found that in talking
and doing mathematics in interactive, relevant and engaging ways, in being part of a
positive environment, they were attuned to the value of ensuring opportunity for a
social aspect - working together to construct knowledge and justify solutions, as key
in helping the adoption of more positive attitudes toward mathematics. They became
aware of their teaching style and became more confident that they were mastering
something important, something that would demonstrate to others why they were
unique as beginning teachers, that they had something of import to share with
everyone in their profession, pre-service as well as in-service teachers.
I was extremely grateful for the support I received in first-year and felt that
involvement in these workshops would allow me to give something back. After fourweeks I realised this program was still giving me more than I was giving out. Being in
a real team-teaching environment and reflecting on current teaching methods
allowed me to engage in meaningful discussions. I’ve been involved in creating some
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amazing dialogue. As a direct result, I am determined to become the best maths
teacher I can and I am going to do this by integrating maths right across the
curriculum. (Sam)

These numeracy classes have strengthened my mathematical knowledge. I continue
to gain rich understandings as I explore, teach and explain the problems with my
peers. Tina’s workshops allowed me to become confident with content. Now I love
maths! The workshops dramatically increased my confidence. Many first-years had
the same terrified attitude I had. Through involvement in the numeracy classes we’ve
all had the opportunity to develop stronger understandings and are all inspired to
encourage others. (Julia)

We connect with first-year PSTs, we relate to their experience, share familiar stresses
and easily track a deep dislike for maths back to misunderstandings, negative beliefs
and lack of confidence. As PMs we reassure that mindsets can change. Our work is
friendly and supportive, rewarding and wholesome, it reflects an authentic teamteaching experience in a versatile, supportive and inclusive environment. First and
third-year students and the lecturer share high quality teaching/learning outcomes.
(Viv)

The environment of safety and trust builds rapport. We get to know learners on a
personal and professional level. We’ve been able to find learners’ current perceptions
of maths and where they’d like to be. Teachers are accountable for their students’
academic, personal, and social success. Learners need to face any fears and improve
any areas of weakness. By engaging in these extra classes, researching, and
examining proven approaches on how to set up positive norms, I now know about
addressing student needs, through understanding learning styles and preferences.
Valuing mistakes is a key component in learning and teaching for both the teacher
and the student as it underlines the fact that none of us are perfect and allows us
room for growth. (Ava)
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During the workshops, working in intense mentoring sessions, we discovered we can
fully support, guide and encourage and we learnt the importance of not moving on to
the next step unless everyone is ready. The mentoring experience reached everyone.
Every day there was another enlightening experience. As future teachers, we share
an ambition of providing mathematical learning environments that foster a love for
learning and doing. We’re enriching experiences and positively influencing everyone’s
mindset. (Viv)

First-years willingly shared ideas through small group and whole class discussion and
by answering questions on the whiteboard, demonstrating a real growth mindset.
They shared ideas with confidence and came to understand that mistakes are useful
in building deep learning. Rarely are ideas completely incorrect and students now
take comfort in finding what is right, value working things through and using the
knowledge of others. They now work together, think critically and are deep, confident
learners. We have created a sense of ease. Students are confident to answer
questions and to pose problems. (Ben)

We value mistakes and the process of solving problems. In authentic situations, we
overcome issues and challenges, such as admitting the mistake, documenting them
on a ‘mistakes chart’ and re-assessing the problem, to find where things went wrong.
Unpacking work always exposes the foundation of a problem, helping those
struggling to see what’s required. Our work encourages positive mathematical
discourse, which helps to remove negative attitudes, myths, stigmas, and barriers
that restrict learners from seeing the beauty of maths. (Ava)
In the workshops, PSTs began to believe in themselves and their mathematical ability.
They became comfortable in acknowledging that mistakes can be opportunities for
learning. PMs modeled how mistakes could be addressed. Mentors valued every
question asked and made sure students justified their solutions. Mentors stressed that
all students should refuse to go on if they did not understand any aspect of their work.
They tried to find as many different ways as possible to represent solutions to problems,
thereby hoping to explain the many and varied needs of learners. Mentors showed the
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value of effort and depth in understanding over speed or the outcome of tests. All
mentors acknowledged the importance of reflecting on their own learning and teaching
practices.
A common saying by some ITE educators is that it is better for a teacher to be the ‘guide
on the side rather than the sage on the stage’. Mentors were so well prepared, due to
weekly preparation (staff) meetings and their own past experiences in NWs, that once in
the classroom with their mentees, PMs were able to successfully navigate the intricacies
of each lesson with very little input from the educator. Mentors noted on many
occasions that the weekly preparation meetings were a highlight of their week at
university. These meetings included animated discussions about the best ways to teach a
topic, excitement about possible strategies to try, and satisfaction when discussing
previous successful lessons. When teaching in previous lessons did not live up to the
mentors’ expectation, they reviewed and planned alternative strategies showing their
own growth mindsets at work. It was not uncommon for the mentors to extend their
meeting time by one or two hours. The mentors’ enthusiasm for planning was evident.
Mentors became increasingly confident in defending their belief in best strategies and in
supplying evidence from their own research to support these beliefs. Mentors realised
that they had reached the pinnacle of this program, as they displayed excellent qualities
of teacher readiness and had begun to cross the divide from student to colleague.

Conceptual Understanding and Procedural Fluency
Learners are given more time to investigate and therefore make sense of concepts by
unpacking and organising their thinking which ultimately gave them opportunities to
correct errors and misconceptions. They have time to make meaningful connections by
exploring alternative solution paths or by representing mathematical ideas in multiple
modes: manipulatives, pictures, real-life contexts, verbal and written symbols. PSTs felt
this more focused teaching on topics to be beneficial not only because they could share
their own methods, but also because they could then discuss the more formal researchbased methods of recording algorithms.
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Strategic Competence and Reasoning
Students had more opportunities to discuss mathematical ideas and for justifying their
reasoning. Students did this work by sharing and comparing different solution strategies.
This engagement enabled them to practise mathematical vocabulary and methods in
making effective, logical and deductive arguments thereby empowering them to justify
their thinking and defend their answers.
Productive Disposition (Growth Mindset)
In structuring the PM-NW environment, mentors kept in mind that ‘mathematics
teaching involves building students’ trust, … structuring time and space in ways that are
conducive to learning [requiring] both pedagogical know-how and interpersonal skills’
(Thames & Ball, 2010, p. 222). The mentors challenged the mentees’ fixed mindset
beliefs by firstly teaching them simple ideas about how the brain works, helping them
feel calm, safe and completely included in this special partnership between mentor,
mentee and teacher. PSTs also valued the discussions held about the relationship
between mathematics concepts being taught in the classroom and the real world. From
the constant encouragement and confidence building language, mentors aimed at and
expected excellence, and the mentees were able to attempt greater challenges and
persist on their work for longer. The mentees explanations became more sophisticated
over time, and they came eagerly to each NW class, noting how much they looked
forward to attending the voluntary lessons, and showing their enjoyment in being
challenged and learning new methods.

Mathematical Knowledge for Teaching

PSTs had time to physically practice mathematics teaching in a variety of forms: one-toone, small group, whole group – and to watch mathematics teaching by a more
experienced peer or teacher. This modelling between peers and from teacher to peer
was invaluable, particularly because PSTs felt they were in a safe environment, i.e.
before PSTs had to teach children.
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The peer-mentored numeracy workshop program created an innovative learning and
teaching environment that fostered continuous improvement in teaching practice. As
such, this program addressed a gap in current literature, thus providing valuable
research in mathematics education.

‘Whilst undertaking this role, as mentors, we are consolidating our own skills and
knowledge in helping to build expert learners and teachers’ (Ava)
‘The mentoring sessions have enabled … a workshop that facilitates one-to-one
learning experiences for first-year students, peer-to-peer teaching and learning
experiences for first and third-year students and a fun environment where we all
share and learn from each other.’ (Viv)
For some learners, this [PM-NW program] has been a first-time experience and
has elicited a sense of social and emotional safety (Ava).
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Chapter 6. Conclusions

6.1. Introduction
This study investigated how a cross-year level mentoring partnership program was
established and used to enable PSTs consolidate their mathematical content knowledge
and their mathematical knowledge for teaching. The inclusion of a peer-mentored
numeracy intervention program would prove to be overwhelmingly successful in terms
of helping first and third-year PSTs overcome anxiety associated with mathematics
learning and teaching. This final chapter summarises the achievements for each of the
phases of the study in terms of the research questions posed in chapter one. Limitations
and recommendations for future research will be discussed before ending with the
overall conclusions of this study.

6.2. Research Questions

The overall objective of this study was posed in the form of this original question:
‘How can I help my PSTs become better teachers of mathematics?’ which was then
expanded to include elements that would be used within this specific study:
‘How would a Mentoring Partnership model of engagement further enhance
mathematical proficiency (both cognitively and pedagogically) in preservice teachers in
an undergraduate teaching degree?’
The most important influences on a students’ learning of mathematics and therefore
achievement level in mathematics, is their teacher’s content knowledge and their
teacher’s mathematical knowledge for teaching (Ball et al., 2005; Fennema et al., 1999).
Furthermore, these two types of knowledge are interwoven and therefore must be
considered together in any ITE program. Research clearly shows that some PSTs exit
their degrees with an inadequate level of MCK and MKT, and that often it is their
inherent fear of mathematics or past negative experiences that hinder their own
learning. To explore ways to help PSTs enhance their mathematical proficiency both
cognitively and pedagogically, the study was divided into three phases, resulting in a
further breakdown of the original question, as discussed below.
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6.3. Phase 1 - Research Question (NW classes)

Q.1. Does the NW intervention program significantly improve PSTs’ mathematical
content knowledge?
The NW program allowed PSTs time to learn mathematics with understanding. Learners
were encouraged to construct understanding as they engaged in critical activities that
focused on solution strategies that combined the first four proficiencies: conceptual
understanding, procedural fluency, reasoning mathematically and problem solving. To
help learners construct relationships between mathematical ideas, all instruction was
represented in multiple ways, thus exposing PSTs to a variety of alternative solution
strategies. Learners were encouraged to reflect on and articulate their thinking.
Fennema et al. (1999, p. 314) summarise the result of this type of learning:
‘Understanding is constructed, reflected on, and articulated by the learner and the
knowledge that results is his or her own’. Not only were the PSTs consolidating their
MCK, but they were also learning valuable lessons in their MKT. Pre- and post-NW
mathematics tests showed preliminary results that the NW program significantly
improved PSTs mathematical content knowledge.
Improving PSTs’ level of quantitative literacy will also have a great impact on their
success at university. Researchers Kremmer, Brimble, Freudenberg, and Cameron (2010,
p. 1) suggest that ‘commencing student attributes will influence graduate attributes’ and
that a preliminary analysis of their numeracy (and literacy) skills will predict their
retention, engagement and success at university. This outcome has important
implications for ITE providers in terms of ‘student satisfaction, learning and graduate
outcomes and hence the institution’s overall teaching and learning performance’
(Kremmer et al., 2010, p. 2). The diagnostic mathematics test conducted within the NW
program has the potential to assist with the prediction of PSTs’ success at university.
Furthermore, in answering research question one, the researcher has supplied evidence
of an important finding: ITE providers continually seek to find ways to support PSTs in
preparing for LANTITE testing. This program would be an important inclusion in any ITE
program.
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6.4. Phase 2 - Research Question

Q.2. How are PSTs’ attitudes, behaviours, beliefs, motivation and confidence affected
by participating in peer-mentored NWs? In other words, how is their disposition
towards mathematics changed?
The mental action of attaining knowledge (cognition) and the technique and practice of
teaching (pedagogy) are inextricably linked. These processes, referred to as PSTs’
acquisition of MCK and MKT, are hindered by mathematics anxiety and fixed or negative
mindset beliefs. The researcher was interested in exploring ways of helping PSTs
increase their cognitive and pedagogical knowledge by helping them to overcome
incorrectly held mindset beliefs.
Being capable in mathematics, that is, one’s competence in their MCK is a combination
of their proficiency in five aspects of mathematics. The fifth aspect of mathematical
proficiency is the possession of a positive disposition towards mathematics. Research
has demonstrated that one’s disposition, also referred to as one’s mindset or one’s
attitude in this study, has a great impact on their achievement. Ashman (2016, p. 46)
summarises this effect well by stating that ‘a student’s perceptions influence their
approach to the subject being studied and that approach is directly linked to outcomes
which may be positive or negative’. In order to help first-year PSTs improve their
disposition, certain non-cognitive, or mindset, factors were addressed in Phase 2 of this
study for as the researcher and third-year mentors strongly believed, when ‘trying to
encourage a love of learning, the teacher must try and create circumstances whereby
this occurs spontaneously’ (Nillsen, 2004, p. 3).
PSTs in their first year of study showed significant improvements in their attitudes,
beliefs, behaviours, motivation and confidence towards mathematics. These
advancements occurred with the assistance of third-year PSTs as mentors in the NW
classes. The mentors focused on teaching the mentees mathematics in order that all five
proficiency areas were addressed. However, the mentors found that it was crucial to
teach the mentees about how the brain learns mathematics and about mindset theories
before any content-specific teaching occurred. This development is due to studies in
neuroscience, particularly the area of brain ‘plasticity’, strengthening the argument that
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educational intervention can benefit all learners. Thompson (2014, p. 2) quotes
neuroscientist Steve Miller when he states that these studies continue ‘to fundamentally
change the way we think about learning [and] intervention’. This contention is
supported by many others in the field and summarised well by Dweck (2006, p. 5):
‘scientists are learning that people have more capacity for lifelong learning and brain
development than they ever thought’. This notion that individuals, with purposeful
effort and engagement, can change their intelligence, is the basis of growth mindset
theories.

6.5. Phase 3 – Research Questions

Current research confirms that teachers’ attributes have a strong influence on their
students’ achievement and on their self-efficacy, and that these attributes are greatly
dependent on the positive relationship between teacher and student. However, much of
this research is based on short-term outcomes rather than the important long-term
outcomes such as ‘improved self-esteem, motivation and engagement with learning’
(Bahr & Mellor, 2016, p. 60). Furthermore, Bahr and Mellor (2016, p. 62) state that
‘there is increasing evidence available that attributes … can also be actively developed
through demonstration, modelling, and the impact of an influential teacher’. The third
phase of this study actively sought to address the issue of quality attributes. Whilst
certain key personal attributes such as showing kindness, having a positive attitude to
teaching, a sense of humour and high expectations, repeatedly appear in the literature
(Bahr & Mellor, 2016), this study sought to define the particular attributes needed for
effective teachers of mathematics, and hence the roles that mentors assume within the
NW program.
Q.3. What are the attributes of an effective mathematics teacher?
Q.4. What role do mentors assume within the peer-mentored NWs?
In analysing the data in the final phase of this study, the attributes of an effective
mathematics teacher were grouped into themes that revealed the specific roles that
mentors in this project assumed, hence the consideration of these two questions
together.
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In undertaking this project, the mentors espoused each of the Australian Professional
Standards for Teachers. The mentors got to know their mentees and how they learn,
they knew the content and how to teach it, they planned for and implemented effective
teaching and learning, created and maintained supportive and safe learning
environments, provided feedback on student learning and engaged in professional
learning activities (Australian Institute for Teaching and School Leadership (AITSL), 2017).
The mentors were able to put theory into practise as Boyer (1991, p. 11) states that
effective teaching ‘builds bridges between the teacher’s understanding and the
student’s learning’ by the careful planning of pedagogical procedures that must relate
directly to the subject being taught and then examining these procedures at the
conclusion of teaching.

Q.5 Is the peer-mentored NW intervention program an important inclusion for any
undergraduate ITE program?

A peer-mentored NW intervention program is an important inclusion in any
undergraduate ITE program for a number of reasons. The PM-NW program assists PSTs
improve their attitude towards mathematics. This outcome is important because
negative attitudes and perceptions often inhibit PSTs’ capacity to develop mathematical
understanding (Kilpatrick et al., 2001b; Sousa, 2008). In addition, the PM-NW program
supports PSTs’ in developing their MCK and MKT, therefore benefiting them also in their
regular mathematics subject and in helping to prepare for the compulsory LANTITE.
Furthermore, it is critical that our PSTs display the skills and qualities that future
employers are searching for in graduate teachers. Mentors have displayed an ability to
adapt in changing work environments and an ability to work in partnership with others
to achieve common goals. PSTs involved in the mentoring program have greater
opportunities to develop these necessary workplace skills, thereby increasing their
employability status. At the conclusion of their degrees, most of the mentors named this
program as pivotal to their gaining employment, noting in many cases that in their job
interviews, the panel representatives were most impressed by this voluntary project and
the PSTs spoke with confidence, enthusiasm and authority about this initiative.
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PSTs also have more opportunities to build a network of professional contacts within
primary schools and with academics from other institutions, due to their participation in
the MAV conference.

6.5.1

Successful Aspects of the PM-NW Program

The researcher introduced an innovative model of engagement whereby third-year PSTs
would, in partnership with their teacher, become mentors to first-year PSTs. By
practicing growth mindset strategies, the PMs became role models that allowed learning
to occur in both MCK and MKT for both mentor and mentee. In other words, the
benefits of this program were two-fold: PSTs could learn mathematics for themselves
and learn how to teach mathematics effectively to others, supported by underlying
growth mindset theories.
The PM-NW program had the following important successful aspects:
-

Like-minded PSTs coming together in a safe environment, feeling free to discuss
problems without people ‘good at maths’ around them. This safe classroom
atmosphere was instrumental in allowing PSTs to change their attitude to
mathematics, their behaviours, beliefs, motivation and confidence.

-

It is important that these sessions were learning not performing classes. Students
felt safe to simply come and ‘do some maths’ with the knowledge that there was
no assessment attached. This outcome gave them the freedom to take as much
time as they needed to complete problems, to delve more deeply into each
concept, to discuss work thoroughly with others and to practise teaching the
mathematics to their peers.

-

The inclusion of a specially designed Numeracy Workbook that promotes deep
conceptual understanding and procedural fluency in mathematics. Interestingly,
PSTs years later, once they are teachers in schools, mention how this resource
continues to be a great reference for them.

-

Ensuring connections were always made between different topics, so that
students realise that mathematics is not a series of disconnected topics. For
example, the topic of fractions involved students studying the links with division
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(2 thirds can be represented as 2 wholes shared amongst 3), the link with
decimals, percentages and ratios.
-

Showing that in most cases, mathematics questions could be explained and
ultimately solved in multiple ways; that different representations (visual (models,
diagrams, drawings), verbal, symbolic) are necessary in order to make sense of
and for a deep understanding of the concept

-

Discussing with PSTs the main inhibitors in the development of mathematical
understanding (underlying issues such as anxiety and mindset). At the same time
as addressing curriculum issues, the aforementioned inhibitors were overcome
by practicing positive classroom norms (Boaler, 2015b) in each lesson. This
outcome allowed students to become more resilient with a greater capacity to
learn, for example:
o At the beginning of the program, time is spent communicating to students
the current science about how the brain learns mathematics (Boaler,
2000, 2014c, 2015a; Deak, 2015; Dweck, 2006, 2015; Organisation for
Economic Cooperation and Development (OECD), 2002; Sousa, 2008;
Thompson, 2014). For example, clarifying to learners that effort, struggle,
challenges and learning from mistakes are important opportunities for
learning. As Nillsen (2004, p. 6) notes ‘It is a challenge for the teacher to
create a fear-free environment in which wrong answers can genuinely be
felt to be leading towards understanding’.
o Constantly encouraging students to take their understanding to a deeper
level, that this is by far the most important thing they can do, rather than
trying to finish work quickly. As discussed above this outcome requires
students to make connections between topics, finding as many ways as
possible to answer questions.
o Encourage discourse between students and teacher. This act of social
interaction helps to construct knowledge. One of the most important
sentiments that mentors kept reminding mentees about was that they
had the right to refuse to move ahead to another topic or another part of
the lesson until they truly understood what they were currently working
on. Mentees felt liberated to state they did not understand, even in their
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minds, the simplest concepts because the NW environment was a safe
space in which to make this admission. Years later, as in-service teachers,
many mentors have noted that this sentiment has had a great impact on
their teaching.

6.6. Limitations

The conclusions in this study are limited in a number of ways. The NW program runs for
ten weeks of any one semester. The time to cover topics is therefore quite short. In
future years, it is hoped that the full program can run for twenty-four weeks, that is, for
an entire year, in order that all mathematics topics can be covered.
The length of each phase of the study was restricted to 10 weeks within one single
semester. A more comprehensive representation of the changes (or anticipated
improvements) in PSTs’ mathematical content knowledge could be established with a
study that spanned the entirety of a PST’s time at university. In fact, PSTs’ progress could
be tracked at various stages, for example, across a number of semesters or throughout
the full four years of their degree, in order to obtain a more systematic interpretation of
the actions.
As discussed in section 3.8. (p. 88), there are a number of other limitations to this study.
The participants in each phase were self-selected and hence may not have been an
adequate representation of all PSTs at the regional campus under investigation. Mindset
factors such as attitudes, beliefs, behaviours, motivation and confidence, may have had
an impact on whether a PST chose to participate in each phase of the study. Sanders and
Morris (2000) classified three types of PST responses to a remedial program: those who
refused to accept they had problems, those who acknowledged they did have problems
but did little to resolve it, and those that accepted they had problems but were
determined to remedy the situation. The intervention group in Phase 1 and the
volunteer mentees in Phase 2 of this study are reflective of this last group in the Sanders
and Morris study. The concern, therefore, is that these self-selected PSTs’ commitment
and motivation may have been contributing factors to their subsequent improvements
in the intervention program.
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Further limitations surrounding this study was the lack of control groups in Phases 1 and
2. The results, therefore, must be viewed with caution since there is no assurance that
other variables have not had some effect on the outcomes observed. The research
cannot conclude with great confidence the causes behind the effects observed. A more
rigorous quantitative study in future is needed in order to draw more conclusive
evidence about the effects of the PM-NW intervention program.
Further limitations are the possible issues of observer bias (by the mentors), and
intentional omission of information (by the mentees) in Phase 3. Section 6.7.2 below
suggests a number of recommendations for improving these studies should they be
repeated in future.

6.7. Developments and Recommendations for Future Research

6.7.1

Developments in the following three years

The resounding success of the 2015 PM NW program resulted in the conclusion that the
third-year to first-year PST mentoring partnership program should be continued in
future years. A summary of the developments over the next three years follows.

6.7.1.1

2016 PM-NW program.

In 2016, this model would continue, that is, third- year PSTs would be offered NWs in
Semester one, still as a voluntary extra class. 20 – 30 third-year PSTs (from a cohort of
187) voluntarily attended the NW classes (2 sessions were offered for 10 weeks).
Expressions of interest would then be sought for these students to become mentors to
the new first-year PSTs in the coming second semester. Eight third-year PSTs became
mentors to first-year PSTs throughout the semester 2, 2016 NW program.
Expanding on the success of the mentoring partnership, the 2016 mentors were involved
in producing instructional videos during the mid-semester break. These videos were
used as a resource for all 2016 (and future years) first-year PSTs in their formal subject,
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Working Mathematically. Mentors worked in groups of two or three to explore in depth,
a particular topic in mathematics. They would become experts in these topics by
researching, planning, rehearsing, then finally video-recording the best-practice
methods to teach these topics. The mentors’ videos were uploaded to the public
platform, YouTube (see Appendix P, p. 205), and in the first-year LMS associated with
the formal mathematics subject.
The mentors would, in addition to the two aforementioned activities, plan and deliver a
series of professional development (PD) sessions for in-service teachers at a local
primary school. The mentors would work with the researcher to plan, rehearse, and
finally present their topics at a two 1.5-hour sessions in December of 2016. The mentors
spent between 25 to 35 hours over the semester in activities associated with this
project, including 10 weekly 1 hour meetings and 2 full days in production of the
instructional videos.
6.7.1.2

2017 PM-NW Program.

In the third year of the mentoring program, the voluntary NW classes were no longer
offered as a supplementary class. On the basis of the success of the PM-NW program
over the previous two years, the researcher decided to increase the regular tutorial class
time (for the formal third-year subject, Teaching Mathematics) to two hours per week
for all third-year students. The second hour of each tutorial was devoted entirely to
allowing all current third-year PSTs (166 in total) to experience the PM-NW program for
10 weeks of the semester. Two fourth-year PSTs (who were also 2016 third-year PMs)
became Peer Learning Advisors (PLAs) within the core third-year mathematics subject.
The work of a PLA (a casual university-funded position undertaken by current university
students) is to support other university students. The PLAs would spend a few hours
each week in the library awaiting any student in need to ‘drop-in’ if they needed
assistance with university work. The researcher initiated a new strategy, whereby two
past mentors who won the position of a PLAs, would work as mentors in the second
hour of the third-year mathematics subject tutorial. This new initiative of embedding the
PLAs as mentor teachers, within the regular subject tutorial, proved to be an exceptional
partnership that benefitted all parties involved.
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Furthermore, the two fourth-year PSTs became leaders of the second-semester PD
group; a voluntary group of 10 PSTs (five third-year and five fourth-year PSTs, including
one PST from the city campus). Not only was there now a mix of third- and fourth-year
PSTs working in partnership, but the inclusion of a peer from another campus
altogether, showed that distance was no barrier to this dedicated community of
practice. The PD group met weekly to plan a series of three PD sessions, subsequently
presented at a local primary school. In fact, the school requested the PD and the topics,
based on the previous years’ exceptional experience. The school’s numeracy coordinator
and principal were so impressed with the quality of the 2016 PSTs’ mathematical
knowledge that they asked for three sessions for this current year. The members of the
PD group spent approximately 35 hours each in voluntary weekly meetings: researching,
planning and rehearsing for the three sessions.
In addition to the above work, the two fourth-year PMs (also known as PLAs and PD
leaders to distinguish between the different roles they undertook) along with the
researcher, planned and presented a double conference session (2 hour and 20 min
presentation) for the 2017 MAV conference. Together, the researcher and the two
fourth-year PSTs produced an innovative numeracy ‘flip-book’ resource, which will be
discussed in a future paper. The fourth-year PSTs met with the researcher to plan the
conference article and presentation along with the flip-book and other resources. It is
estimated that the two PSTs spent approximately 40 hours in this voluntary activity.
Once again, this work is yet to be analysed and it is anticipated that it will become the
subject of future research.

6.7.1.3

2018 PM-NW program.

The PLA program would continue in 2018, with all third-year PSTs (149) participating in
the mentored numeracy hour, once again during the second hour of their scheduled
subject tutorial. Two PLAs would attend each of these second-hour sessions, enabling
the third-year PSTs to have, in effect, three teachers in the room at any one time. One of
the PLAs was in fact from a different discipline (i.e. not from the School of Education); a
new development for this iteration of the program.
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6.7.2

Recommendations for Initial Teacher Education

Numeracy intervention programs for ITE require:
1. An assessment tool - that accurately reveals a PSTs’ areas of weakness in
mathematics - both in their own MCK, and in their understanding of how
mathematics is taught (their MKT) in the first year of their undergraduate
teaching degree. The Basic Key Skills Builder (BKSB) (n.d.) online program was
subsequently introduced across all campuses of the university, and preliminary
data has shown this to be beneficial in assessing PSTs’ MCK.
2. Supplementary Studies - An intervention program (in addition to regular
mathematics classes) that will assist these PSTs improve in areas of deficit – both
MCK and MKT. In order that all content areas can be covered fully, this program
should ideally not be restricted to one semester, but available in both semesters
throughout each of the four years of a PSTs’ undergraduate degree. Participation
in the intervention program should be available for all first- and second- year
PSTs who are not at a minimum standard of mathematics, i.e. Year 9 level
mathematics. The program should be available as an optional additional class to
any third and fourth-year PSTs who wish to repeat the classes.
3. Learning not Performing Classes - The intervention classes should be ungraded:
any diagnostic assessment should be for the PSTs’ personal use, in order to
ensure they reach the minimum mathematics standard, not as part of their
regular mathematics subject assessment.
4. Focused Content Knowledge Teaching and Focused Teaching Practice - The
intervention program should allow for PSTs to experience and practise leading
teaching methods – teaching approaches that foster deep understanding of
content, discourse, communication, participation for all, and growth mindset
beliefs. The program must be flexible in that participants should be allowed, to a
certain extent, to dictate the direction of each lesson.
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5. Mindset Teaching Prerequisite – Lecturers, tutors and mentors should focus
initial lessons in mathematics education on mindset theories before any further
studies in MCK and MKT.
6. Offer Mentoring Opportunity - PSTs in their third or final year of study should be
offered the opportunity to mentor, that is, to support their tutor in delivering
mathematics intervention classes to first- and second-year PSTs. The mentoring
classes would aim at not only improving PSTs’ mathematical literacy and
mathematical knowledge for teaching, but to reduce anxiety and promote
growth mindset theories.

6.7.3

Recommendations for Future Research

A review of the outcomes and overall findings of this study has identified certain facets
that could be improved were the study to be replicated or expanded upon. The
quantitative study in Phase 1 could be repeated using a larger number of participants
and ensuring that volunteers were randomly selected and assigned to either a control
group or an experimental (intervention group). In addition, the study should occur
during the semester during which the PSTs were not also undertaking a formal
mathematics subject, that could potentially influence the improvements in PSTs’ MCK
and MKT. The mathematics test itself should also be enhanced because the 30-item test
used in this study may be inadequate in assessing PSTs’ mathematical understanding in
all the required content areas. Finally, once PSTs have attained information on the
general diagnostic mathematics test, more in depth content-specific tests could be
administered in order to inform and direct both student and teacher.
Similarly, in Phase 2 of the study, first-year PSTs should be asked to participate in the
survey on mindset beliefs during the first semester of the year since they have no formal
mathematics class until semester two. Once again, students should be randomly
selected, assigned to control and experimental groups, with pre- and post-surveys given
to both groups. It would also be beneficial for the research to be conducted in
conjunction with experts in the field of psychology. Collaboration between experts in
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mathematics teaching and in psychology would enhance the study in PSTs’ perceptions
and beliefs about the nature of mathematics.
Further analysis could also be performed to see the growth of individuals within each
category of the non-cognitive elements area. I.e. if the categories were labelled 1 to 5 –
a study could be performed to gather information about at an individual’s increase – to
see if their category growth was by none, one, two, three or four. This outcome could
potentially result in richer information about the effectiveness of the program.
The unanticipated abundance of qualitative data collected during Phase 3 of this study
meant that more information could potentially be extracted if further analysis were
undertaken. Further investigation into this data may reveal additional thought-provoking
themes to discuss in future work.
Furthermore, it would be beneficial to extend the study so that it spanned all the years
of a PSTs’ degree. Longitudinal data collection at critical points throughout the years
would enrich these further studies, ultimately benefitting all stakeholders. ITE providers
could then plan and deliver more effective teaching strategies in order that PSTs fully
develop proficiency in both MCK and MKT. Finally, it would be most beneficial to study
the long-term effects of the program, that is, to study the mentor and mentee teachers
once they are future teachers in-service. Discerning comments from the mentors who
have been in-service for over two years can be found in Appendix N (p. 202).

6.8. Summary

Teaching mathematics brings with it a responsibility – not only to help learners achieve
their best in terms of the subject matter, but a responsibility to ensure that they are not
hindered in that learning because of mathematics anxiety and fixed mindset beliefs.
Many PSTs need to overcome the combined hurdles of having to re-learn or learn
mathematics concepts for the first time, overcome fixed mindset beliefs, negative
attitudes and anxiety, as well as learning the best ways to actually teach mathematics.
At times, these problems seem unsurmountable for many PSTs.
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With limited experiences in teaching mathematics whilst on practicum, and insufficient
class time during regular university degrees, many PSTs graduate without the necessary
subject-specific knowledge and without the knowledge of how best to teach
mathematics. Ball et al. (2005, p. 1) summarise this concerning issue when they state:
‘We are simply failing to reach reasonable standards of mathematical proficiency with
most of our students, and those students become the next generation of adults, some of
them teachers’.
The researcher was passionate in her belief that all PSTs could and should become
better learners and teachers of mathematics. The researcher believed that by offering
specialised NW classes in which growth mindset theories were used in conjunction with
current best-practice teaching methods, that PSTs would improve their MCK and MKT.
Using peer mentors within the NW program was an outstanding development that
resulted in further successes in the aforementioned goals.
NW classes (before the mentor program)
Initially, PSTs at a regional university were given the opportunity to participate in extra
numeracy classes on a voluntary basis. They worked through a tailor-made numeracy
workbook studying topics in such a way as to develop their conceptual understanding
along with procedural fluency. PSTs were constantly surprised to learn of the many
varied approaches to solving problems. Exclamations of ‘why didn’t anyone ever show
me this before’ and ‘I’ve learnt more in this class than in all my school maths years put
together’ were common.
The classroom environment was a large factor in the success of these workshops. Using
growth mindset learnings, a safe learning environment was fostered from the outset.
For example, mistakes were acknowledged as great opportunities for learning, and
depth in understanding was encouraged over speed to complete work. PSTs knew they
could refuse to move on if they did not understand something. NWs were a time to
welcome opportunities to revise content and find alternative ways to teach the subject
matter. One of the most significant aspects of these workshops was the opportunity
given to the students to practise teaching in front of the whiteboard once they became
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comfortable to do so. Furthermore, students in these classes had many opportunities to
teach each other.
PM Program
In a further development (2015), third-year PSTs were invited to become mentors to the
first-year PSTs. Most of the third-year PSTs had participated in the NWs in their own first
year (2013) of study and again during semester one of 2015, alongside their core
subjects. These third-year volunteer mentors would then embark on a journey of
teaching first-year PSTs within their voluntary NWs during semester 2 (2015). Third-year
mentors would progress from being ‘learners’ to being ‘teachers’ of these workshops.
These third-year PST mentors attended weekly planning meetings prior to each NW
session, in order to discuss the content to be taught and the best ways to do this. This
step ensured that teaching strategies were in line with current best practice methods.
The mentors then attended one or more NW sessions throughout the remainder of the
week. The commitment of the mentors was such that it was not uncommon for them to
attend up to four lessons per week. Whilst the lecturer was ultimately still responsible
for the class, mentors were encouraged to take leading roles as they wished during the
lesson. Mentors worked flexibly with their mentees: in small groups, one-to-one or
addressing the entire group.
The NW classes (pre 2015) had been successful in helping PSTs improve their
quantitative literacy – and good headway was made into improving the volunteer
students’ mindset. The initiation of the mentoring partnership within the NW program
ensured PSTs were given more support than one teacher alone could offer. Both mentor
and mentee PSTs enjoyed numerous positive experiences in terms of learning and
teaching mathematics.
Mentees’ mathematical proficiency and mindset improved from having PMs as partners
in their learning. Mentees felt safe in the environment created within the workshops.
They knew the mentors were there to guide them in each lesson. The mentees felt
supported within a helpful and trusting relationship. The mentees saw the mentors as
role models and felt confident that topics would be scaffolded as needed. The result for
all mentees was an improved psychological wellbeing related to the learning of
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mathematics: improvement in overall attitude towards mathematics, increased belief in
their abilities, increased confidence and motivation and a decrease in anxiety towards
mathematics. Secomb (2008, p. 704) summarises this mentoring relationship noting that
‘peer-assisted learning or peer teaching and learning describes a collaborative and cooperative teaching and learning strategy; learners are active equal partners, students
are self-directed, share in interventions and actively participate in discussions and
feedback’.
This model of engagement was successful for many reasons but of greatest importance
was the genuine partnership between peer (within and across-year level) students and
teacher. The success of the program relied on developing effective communication,
effective relationships, safe classroom environments and many opportunities for PSTs to
develop in each of the areas of mathematical proficiency (MCK), with an emphasis on
positive mindset theories, and sufficient opportunities to practise teaching (MKT).
This project allowed students to experience what it is like to have constant positive
mathematics experiences, and has instilled a passion for teaching and learning in them
that will ultimately benefit all of society. This project has inspired, empowered and
transformed future teachers. The program itself had a powerful effect on these future
teachers, for in the wise words of Bruner, regarding curriculum design:
A curriculum is more for teachers than it is for pupils. If it cannot change,
move, perturb, inform teachers, it will have no effect on those whom they
teach. It must be first and foremost a curriculum for teachers. If it has any
effect on pupils, it will have it by virtue of having had an effect on
teachers. (Bruner, 1977, p. xv)
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Appendices
Appendix A: Ethics Approval, Information Statements and Consent Forms

Participant Information Statement
Title of Project: Tracking the development of preservice teachers’
mathematical content knowledge
Researchers:
Ms Diane Itter
School of Education
La Trobe University

Ms Tina Fitzpatrick
School of Education
La Trobe University

FHEC No: R006/13

Dear Third Year Preservice Teacher,
The above researchers would like to invite you to participate in a research project
that is being undertaken during 2014 and 2015, entitled Tracking the development
of Preservice teachers’ mathematical content knowledge. You have been
identified as a potential participant because you elected to enroll in the numeracy
support workshops that ran concurrently with the subject Teaching Mathematics
(Semester 1, 2015) and/or the Peer Mentoring workshops (Semester 2, 2015). This
study will investigate the effectiveness of the program of numeracy support
workshops for Preservice primary teachers, designed to assist participants develop
their mathematical content knowledge. It is envisaged that your participation in
workshops assisted you to develop your understanding of mathematics and
provided you with more confidence and experience with aspects of teaching
mathematics. The study will evaluate how you felt the workshops impacted on
your knowledge and your confidence of learning and teaching mathematics
concepts and procedures that you would be expected to teach in the primary
curriculum.
If you choose to volunteer for this project, your participation will involve a 30-60
minute group interview (audio-recorded) that will focus on your experiences of the
numeracy support program. Any of your responses that are used for this project
will be referred to with the use of a pseudonym to ensure your anonymity and
confidentiality of results. Additionally, participants involved in group discussions
will be asked and expected to maintain confidentiality. For that reason, if you
consent to be involved as a participant in this project, you will also be agreeing to
treat anything that is said within the discussion group, with confidentiality.
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The results from this study may be presented in a paper at an appropriate
educational conference, or as an article in an appropriate journal. The data
collected from the participants of this study may also be used in a study at a later
date, in order to explore the longer term effects of the numeracy support program.
Participation in this project is voluntary. Your participation in the numeracy support
workshops is in no way linked to the decision you make about participation in this
study, and you are free to refuse to participate in this study if you choose. You
have the right to withdraw from active participation in this project at anytime and,
further, to demand that data arising from your participation in this study are not
used in the research project provided that this right is exercised within four weeks
of the completion of your participation in the project. You are asked to complete
the “Withdrawal of Consent Form” or to notify the investigator by e-mail or
telephone that you wish to withdraw your consent for your data to be used in this
research project. Should you not wish to participate in this activity or choose to
withdraw at any stage, your participation in this subject Teaching Mathematics and
your final result will not be prejudiced in any way. La Trobe University, Bendigo
has special consideration and appeal mechanisms that will be explained to you
before the research begins. At any stage during the semester, if you feel that your
choice to participate or not in the research activity has resulted in bias in the way
you have been taught, or in your assessment, you may use these processes.

Any questions regarding this project may be directed to the Investigator (Tina
Fitzpatrick), of the School of Education on telephone number 54447825. If you
have any complaints or queries that the investigator has not been able to answer
to your satisfaction, you may contact The Senior Human Ethics Officer, Ethics and
Integrity, Research Office, La Trobe University, Victoria, 3086 (Phone: 03
94791443), email: humanethics@latrobe.edu.au.

A copy of this information statement and the consent form will be provided to you
for your reference.
Yours sincerely

Diane Itter

Tina Fitzpatrick

Note – The above document is an example of the consent forms used.
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Consent Form

Title of Project: Tracking the development of Preservice Teachers'
mathematical content knowledge

FHEC No: R006/13

I (the participant) have read (or, where appropriate, have had read to me) and
understood the participant information statement and consent form, and any
questions I have asked have been answered to my satisfaction. I understand that
even though I agree to be involved in this project, I can withdraw from the study
at any time, up to four weeks following the completion of my participation in the
research. Further, in withdrawing from the study, I can request that no information
from my involvement be used. I agree that research data provided by me or with
my permission during the project may be included in a thesis, presented at
conferences and published in journals on the condition that neither my name nor
any other identifying information is used. I also agree to treat the details of other
participants and any information that they provide for the purposes of this study
with confidentiality.
I consent to the audio recording of any interviews conducted for data collection
purposes of this study (please tick):
Yes

No

Name of Participant (block letters):
Signature:

Date:

Investigator: Diane Itter
Signature:

Date:

Investigator: Tina Fitzpatrick
Signature:

Date:
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Withdrawal of Consent for Use of Data Form

Title of Project: Tracking the development of Preservice Teachers'
mathematical content knowledge

FHEC No: R006/13

I, (the participant), wish to WITHDRAW my consent to the use of data arising from
my participation. Data arising from my participation must NOT be used in this
research project as described in the Information and Consent Form. I understand
that data arising from my participation will be destroyed provided this request is
received within four weeks of the completion of my participation in this project. I
understand that this notification will be retained together with my consent form as
evidence of the withdrawal of my consent to use the data I have provided
specifically for this research project.

Participant’s name:………………………………………………

Signature: …………………………………………………………

Date: …………………………………….
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Appendix B: Phase 1 – 2013
Table B.1: Pre- Numeracy Workshop Diagnostic Test

Q1

PRE-WORKSHOP DIAGNOSTIC Frequency of Responses for 10 Multiple Choice Items
A
B
C
D
E
0.2706
27.0600
2700.06
2706
270.6

U

27.06 × 100 =

8.3%

16.7%

20.8%

50%

4.2%

Q2
The number 0.8
expressed as a fraction
is

1
8

8
100

4
5

7
8

10
8

29.2%
2035

33.3%
2925

25.0%
3005

0%
3925

0%
3081

12.5%

20.8%

54.2%

4.2%

8.3%

8.3%

4.2%

Mean
only

Mean and
median

Mean and
mode

Mean and
range

Range
only

4.2%

20.8%

8.3%

16.7%

12.5%

Q5
7003 − 4078 =
Q6
Here is a set of 8
scores.
2,4,4,9,9,12,12,60
What will change if
score 60 is removed
from the set?
Q14
3
If 1 cups of flour are
4
needed for a batch of
biscuits, how many
cups of flour will be
needed for 3 batches?
Q15
3 + 15 ÷ 3 − 4 × 2 =
Q16
4.722 − 1.935 =
Q27
Glen scored 24⁄40 on a
mathematics test.
What is this as a
percentage?
Q28
3
3
4
+ ( ×
)=
5
10 15

Q29
Which expression is
equal to 53 × 252

4

1
2

3

3
4

5

1
4

5

1
2

5

0%

37.5%

3
4

16.7%

0%

58.3%

8.3%

−2

0

4

5

4.2%

75.0%

16.7%

0%

2.797

2.887

2.897

4.2%
3.787

0%

2.787
37.5%

8.3%

4.2%

0%

16.7%

33.3%

60%

70%

80%

65%

55%

29.2%

0%

0%

29.2%

20.8%

3
51

1
6

6
25

11
25

17
25

4.2%

8.3%

4.2%

4.2%

5×3
× 25 × 2

5×5×5
×5×5

5×5×5
× 25 × 25

8.3%
5×5×5
×5×5
×5×5
×5

12.5%

0%

66.7%

3

16.7%

1
3

20.8%

70.8%

16
× 625
12.5%

0%
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0%

8.3%

Table B.2: Post-Numeracy Workshop Diagnostic Test

Q1

POST-WORKSHOP DIAGNOSTIC Frequency of Responses for 10 Multiple Choice Items
A
B
C
D
E
0.2403
24.0300
2400.03
240.3
2403
24.03 × 100 =

Q2
The number 0.3
expressed as a fraction is
Q5
6002 − 4077 =
Q6
Here is a set of 8 scores.
2,4,4,9,9,12,12,60
What will change if score
2 is removed from the
set?
Q14
3
If 1 cups of flour are
4
needed for a batch of
biscuits, how many cups
of flour will be needed
for 2 batches?
Q15
(3 + 15) ÷ 3 − 4 × 2 =
Q16
4.722 − 1.9 =
Q27
Glen scored 30⁄40 on a
mathematics test. What
is this as a percentage?
Q28
3
4
4
+ ( ÷
)=
5
10 15
Q29
Which expression is
equal to 23 × 52

U

4.2%

4.2%

16.7%

0%

75.0%

1
3

3
100

10
3

6
20

3
1

12.5%
1035

33.3%
2005

0%
1925

50.0%
2925

4.2%
2081

0%

4.2%

4.2%

79.2%

8.3%

0%

4.2%

Mean
only

Mean and
median

Mean and
mode

Mean and
range

Range
only

4.2%

0%

0%

87.5%

8.3%

4

1
2

3

3
4

5

1
4

3

1
2

4.2%

8.3%

0%

87.5%

−2

0

4

5

83.3%

4.2%

8.3%

0%

2.787

2.797

2.822

4.2%

0%

60%

5

0%

3
4

0%

3

0%

0%

1
3
4.2%

4.703

0%
3.713

91.7%

0%

0%

4.2%

70%

80%

75%

55%

0%

4.2%

8.3%

87.5%

0%

21
10

35
45

6
10

6
5

24
30

58.3%
2×3×5
×2

0%
2×2×2
×5×5

8.3%
5×5×5
×2×2

16.7%

0%

150

6 × 10

0%

100%

0%

0%

0%

0%

16.7%

0%

Note: The pre- and post-test questions numbers are the actual numbers from the original tests.
For simplicity, the questions in the Findings and Discussion chapters have been re-numbered
from 1 to 10 (see Table 4.2 and Figures 4.2 and 4.3).
Yellow highlights throughout these appendices direct the reader to important information. In
the two tests above, the highlights show the correct answer and the percentage of students who
achieved this.
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Phase 1 - Quantitative Statistical Analysis

Table B.3: Descriptive Statistics for the Differences between Mean Scores Pre- and PostNW

Statistic
Diff

Mean

Std. Error

3.8333

95% Confidence Interval for

Lower Bound

2.8878

Mean

Upper Bound

4.7789

5% Trimmed Mean

3.8148

Median

3.5000

Variance

.45710

5.014

Std. Deviation

2.23931

Minimum

1.00

Maximum

7.00

Range

6.00

Interquartile Range

4.00

Skewness

.202

.472

-1.395

.918

Kurtosis

Table B.4: Tests of Normality for the Differences

Kolmogorov-Smirnova
Statistic
Diff

.145

df

Shapiro-Wilk
Sig.

24

Statistic

.200*

*. This is a lower bound of the true significance.
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.887

df

Sig.
24

.011482

Figure B.1: Histogram of the Differences

Figure B.2: Normal Q-Q Plot of the Differences
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Figure B.3: Detrended Normal Q-Q Plot of the Differences

Figure B.4: Box Plot of the Differences

Table B.5: Paired Samples Statistics for the Matched Pairs T-Test

Pair 1

Mean

N

Std. Deviation

Std. Error
Mean

PostTest

8.00

24

1.532

.313

PreTest

4.17

24

1.857

.379
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Table B.6: Paired Samples Test (SPSS)

Paired Samples Test (SPSS)
Paired Differences
95% Confidence
Std.
Std.
Interval of the
Deviatio Error
Difference
Mean
n
Mean
Lower
Upper
Pair PostTest_Focus 3.833
1
- PreTest_Focus

2.239

.457

2.888

Sig. (2tailed)

t

4.779 8.386

df
23

The actual sig. value above is 1.892E-8 that is, 0.00000001892

Table B.7: Paired Samples Test (Excel)
t-Test: Paired Two Sample for Means (Excel)
Variable 1
4.166666667
3.449275362
24
0.137504775
0
23
8.386267332
9.46021E-09
1.713871528
1.89204E-08
2.06865761

Mean
Variance
Observations
Pearson Correlation
Hypothesized Mean Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
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Variable 2
8
2.347826087
24

.000

Table B.8: Pre- and Post- Non-parametric Test - Descriptive Statistics

Std.
Deviation Min Max

25th

Percentiles
50th
(Median)

75th

N

Mean

PostTest

24

8.00

1.532

5

10

7.00

8.00

9.75

PreTest

24

4.17

1.857

1

9

3.00

4.00

5.00

Table B.9: Wilcoxon Signed Ranks Test

Ranks

Negative Ranks
PreTest –
PostTest_

N

Mean
Rank

Sum of
Ranks

24a

12.50

300.00

.00

.00

b

Positive Ranks

0

Ties

0c

Total

24

a. PreTest_Focus < PostTest_Focus
b. PreTest_Focus > PostTest_Focus
c. PreTest_Focus = PostTest_Focus

Table B.10: Z-Score and P-Value for Wilcoxon Signed Ranks Test
PreTest – PostTest
Test Statisticsa
Z
Asymp. Sig. (2-tailed)

-4.299b
.000

0.000017 Actual value

a. Wilcoxon Signed Ranks Test
b. Based on positive ranks.
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Appendix C: Mentor and Mentee Information
Table C.1: First Year PSTs’ Age and Gender
2015

First-Year PSTs: n=212

First-Year PSTs: n=36
mentees

These 212 Students consisted of
29% Male and 71% Female with
an age breakdown of:
17-19 years 52%
20-25 years 39%
26-35 years 5%
36 or above 4%

These 36 Students consisted of
22% Male and 78% Female with
an age breakdown of:
17-19 years 36%
20-25 years 44%
26-35 years 17%
36 or above 3%

Table C.2: Additional Mentee Information before NWs
Question
How well did you do in your last mathematics class?
(Students were not asked to state which year level of
mathematics was their ‘last’ nor their exact grade
achieved. Students who could not remember were
asked to estimate this answer. This question was
asked so as to attain a general understanding of the
achievement level of PSTs choosing to participate in
the NWs.
Do you have any positive or negative critical
incidents/highlights/memories that have remained
with you, about your past experiences with
mathematics? (This question was to gain a general
feel for the sort of experiences the first year PSTs
were coming with. There would be time for
elaboration in later lessons).
What topics in maths were most problematic/difficult
for you when you were at school?
What did you think or feel (or how did you react)
when you realised you would have to do maths in your
first year at university? (This question was to gauge
how the mentees felt - expanded on in a later
questionnaire).
Why did you decided to take on the extra NW classes?
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Response
0%
20%
44%
28%
8%

Failed (Less than 50%)
Not very well (50% - 60%)
Ok (60% to 70%)
Quite well (70% to 80%)
Extremely well (80% to 100%)

14% had mostly positive experiences
46% had mostly negative experiences
40% had both positive and negative experiences
over the years

Most common answers: long division, long
multiplication, fractions and decimals, although
over 50% of students felt that all topics in
mathematics were problematic for them.
50% ‘in general, not good’
14% ‘neither good nor bad’
36% ‘in general, good’
Four main reasons were given with students
having one or more of the following:
Many were based on the need for personal
understanding (so, conceptual and procedural
learning i.e. cognitive);
Many quotes about going back to basics or
refreshing or extending their knowledge;
To learn how to teach maths (so, pedagogical);
and to improve their confidence

Table C.3: Peer Mentoring Schedule

No. of 3rd year PSTs
involved

First Year of Mentoring Program - 3rd
years mentor 1st years & 3rd years
present at MAV conference
20-30 3rd year PSTs voluntary attendance
from cohort of 192

No. of hours each 3rd year
PST attended

2 sessions offered for 10 weeks, so PSTs
attended between 10 to 20 hours in total

2015
3rd year PSTs Participate in NWs as
learners, Sem 1 2015, in
addition to their core
mathemetics subject
(Teaching Mathematics)
3rd year PSTs - Mentor
planning meetings
(considered as 'staff'
meetings), Sem 2

No. of PSTs involved
No. of hours each 3rd year
PST attended
Gender of mentors
Age of mentors
No. of hours each 3rd year
PST delivered mentoring

PM delivery, i.e. 3rd
years mentoring 1st
years, sem 2, during the
1st years' NW. These
NW sessions for the 1st
years were in addition
to their core
mathematics subject
(Working
Mathematically)

PM - MAV preparation
& delivery

Core subject Enrolment
Numbers

Sem 2 : 12 PSTs - From the sem 1
voluntary NW learner group went on to
become PMs
Students attended between 1 to 10 hours
over the semester
3 Male (25%), 9 Female (75%)
4 below 23 y.o.a (33%), 8 above 23 y.o.a.
(67%)
Sem 2, PMs delivered an average of 9.6
hours mentoring each. Actual range was
between 6 - 17 hours per mentor over the
semester

Mentees (1st year PSTs)

Sem 2 - Third year PSTs [PMs] delivered
NW sessions to First year PSTs. From a 1st
year cohort of 234 students, 212
responded to initial survey: These 212
Students consisted of 29% Male and 71%
Female with an age breakdown of:
17-19 years 52%, 20-25 years 39%, 26-35
years 5%, 36 or above 4%
102 1st year PSTs participated in the 10
week program. 36 of these (the mentees)
were awarded a certificate of
participation (having attended over 80%
of the lessons) and participated in the
study. Ages of the 36 mentees 17 - 19
years 36%, 20 - 25 years 44%, 26 - 35
years 17%, 36 or above 3% Gender of
mentees 22% Male & 78% Female

No. of hours in preparation
for MAV

The 8 PMs (3 chose not to go on to MAV)
spent between 25 - 30 hours (includes
writings, seminar delivered at LTU, full day
travel to Melbourne and attendance at
other conference presentations)

No. of hours for the
conference session
1st year subject WM
3rd year subject TM

1 hour presentation (single session at
MAV)
234
192
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Appendix D: Phase 2 (Part 1) - Mindset Beliefs on the nature of mathematics -

First Year Survey

Table D.1: Mindset Beliefs on the Nature of Mathematics - Survey Questions
*Based on the work of Jo Boaler
Maths is all about ...
Maths is all about learning lots of rules, methods, facts and procedures
Maths is boring and tedious work
Maths is fun and creative work
You have a certain amount of maths intelligence and you can’t really do much
to change it
Knowing that with effort, everyone can improve their maths
It is confusing to have more than one way to solve a problem
The most important thing in maths is getting the right answer
People who really understand maths will get an answer quickly
When I work hard, it makes me feel as though I’m very smart
I give up easily when the problem seems too hard
I like work that I’ll learn from even if I make a lot of mistakes
Making mistakes shows that I am not good at maths
In maths it’s important to be taught topic by topic
In maths it is really important to understand how maths concept inter-connect
Working on my own shows that I am good at maths
Learning from each other’s ideas and ways of solving problems thereby adding
to my knowledge
It is more important to understand the process than it is to get the right answer
Mathematical concepts can’t just be accepted as right, they each need to be
used, tested and reflected on
It is important to learn a number of different ways to solve maths problems
There are limits to how much people can improve their basic maths ability
If I work hard at maths, I know I will get better at it
All learners must engage with mathematics
Mathematics plays a very important part in my day to day life
Mathematics knowledge stands alone from other subjects

True False

*The 24 Mindset Beliefs survey questions were based on the work of Boaler (2014a);
(Boaler, 2014b)
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Appendix E: Phase 2 (Parts 1 and 2) - Survey Questions First Year Mentees -

Pre NWs

Thank you for taking this survey. There are no right or wrong answers. Your responses will be
completely confidential. For the 5-scale questions, please tick the statement which most
accurately describes your thoughts.
1. How old are you? ...............................
2. What is your gender? ........................................................
3. What was the last maths class you took (before EDU1WM)?
...................................................................
4. How well did you do in your last maths class (before EDU1WM)? (If you recall your score,
write it below).
Failed
Not very well
OK
Quite well
Extremely well

5. Thinking about your past experiences with maths, do you have any critical
incidents/highlights/memories that have remained with you – positive or negative?
6. What topics in maths were most problematic/difficult for you when you were at school?
(e.g. long multiplication, long division, fractions, decimals, percentage calculations, ratio
& proportions, measurement (area, perimeter, volume, conversion of metric units),
geometry, statistics (e.g. averages), simple algebra, probability)
7. What did you think or feel (or how did you react) when you realised you would have to
do maths in your first year at university?
8. Why are you taking on the extra NW classes

9.

What was your attitude to maths i.e. how did you feel about doing maths in previous years?
I hated doing
I disliked doing
I neither liked
I liked doing
I loved doing
maths
maths
nor disliked
maths
maths
doing maths

10. How did having to do maths make you react/behave in previous years?
I felt very
I was a little
I was neither I was quite
I was always
sick/ anxious/ anxious/afraid
happy nor
happy to
excited to
afraid
but it didn’t
afraid to
work on
work on
make me
work on
maths
maths
physically sick
maths
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11. What do you believe about your maths ability i.e. how competent did you think you were at
maths in previous years?
Non-existent: Poor Average Quite Good:
Very good to
I believed my I believed my I believed I
I believed I
Excellent maths ability
maths ability
could at least could do well I believed if I
was so low
was quite low gain a pass
in most of
put in enough
that I might
- most of the
(50%) in
the set maths effort, I could
as well say I
time I
maths
work
eventually do
had no maths believed I
any maths
ability
would fail
(get below
50%)

12. I am always motivated to work on maths problems.
Strongly
Disagree –I
Neutral - I was
disagree –In
might
neither
fact, I could not sometimes try
motivated or
be bothered to
maths problems, not motivated
even start a
but mostly I
to work on
problem
would not
maths
bother

Agree - Most of
the time I was
motivated to
work on maths
tasks that were
set for me

Strongly agree I was always
eager to
complete all the
set work and
sometimes
attempt
extension work
or come up with
new problems of
my own to think
about

13. How confident are you in your ability to do maths? (Think about the maths you would be
required to do in the future: EDU3TM – the 3rd year maths subject, the National
Literacy/Numeracy Test, the maths you may have to teach once you graduate)
I had no
I did not
I was
I was quite
I was very
confidence at have much
somewhat
confident in
confident in
all in my
confidence in confident in
my maths
my maths
maths ability: my maths
my maths
ability – I
ability – I
I was certain
ability: I
ability– I
thought I
thought I
I could not
didn’t think I thought I
should have
would be
pass or come could pass or could
no trouble
able to attain
close to
meet the
manage a
passing and
high results
meeting the
maths
pass – and
of meeting
and to easily
maths
requirements meet the
the maths
meet the
requirements of the future maths
requirements maths
of the future
requirements of the future requirements
of the future
of the future
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14. Think about your beliefs about mathematics and place a tick in the appropriate box
below*
Maths is all about ...

Before NW
classes
True
False

Maths is all about learning lots of rules, methods, facts and
procedures
Maths is boring and tedious work
Maths is fun and creative work
You have a certain amount of maths intelligence and you can’t
really do much to change it
Knowing that with effort, everyone can improve their maths
It is confusing to have more than one way to solve a problem
The most important thing in maths is getting the right answer
People who really understand maths will get an answer quickly
When I work hard, it makes me feel as though I’m very smart
I give up easily when the problem seems too hard
I like work that I’ll learn from even if I make a lot of mistakes
Making mistakes shows that I am not good at maths
In maths it’s important to be taught topic by topic
In maths it is really important to understand how maths concept
inter-connect
Working on my own shows that I am good at maths
Learning from each other’s ideas and ways of solving problems
thereby adding to my knowledge
It is more important to understand the process than it is to get the
right answer
Mathematical concepts can’t just be accepted as right, they each
need to be used, tested and reflected on
It is important to learn a number of different ways to solve maths
problems
There are limits to how much people can improve their basic maths
ability
If I work hard at maths, I know I will get better at it
All learners must engage with mathematics
Mathematics plays a very important part in my day to day life
Mathematics knowledge stands alone from other subjects
* The 24 Mindset Beliefs survey questions were based on the work of Jo Boaler

(Boaler, 2014a, 2014b)
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Appendix F: Phase 2 (Parts 1 and 2) - Survey Questions First Year Mentees -

Post NWs
Thank you for taking this survey. There are no right or wrong answers. Your responses will be
completely confidential. For the 5-scale questions, please tick the statement which most
accurately describes your thoughts.

1.

What is your attitude to maths now? i.e. how do you feel now about doing maths?
I still hate doing I still dislike
I neither like nor I now like doing
I now love doing
maths
doing maths
dislike doing
maths
maths
maths

2.

How does having to do maths now make you react/behave?
I still feel very
I am still a little
I am now
I am now quite
sick/ anxious/
anxious/afraid but neither happy
happy to work
afraid
it now doesn’t
nor afraid to
on maths
make me
work on maths
physically sick

I am now
always excited
to work on
maths

3.

What do you now believe about your maths ability after attending the NW classes i.e. how
competent do you think you are now at maths?
Non-existent:
Poor Average Quite Good:
Very good to
I believe
I believe my
I believe I can
I believe I can
Excellent my maths ability maths ability is
now gain at
do well in most
I believe if I put
is still so low
still quite low least a pass
of the set maths in enough effort,
that I might as
most of the
(50%) in maths
work
I can eventually
well say I have
time I think I
do any maths
no maths ability will fail (get
that is required
below 50%)

4.

I am now motivated to work on maths problems.
Strongly
Disagree –I
Neutral - I am
disagree –In
might
still neither
fact, I still
sometimes try
motivated or
cannot be
maths problems, not motivated
bothered to
but mostly I still
to work on
even start a
would not
maths
problem
bother
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Agree - Most of
the time I am
motivated to
work on maths
tasks that are
set for me

Strongly agree - I
am now always
eager to
complete all the
set work and
sometimes
attempt
extension work
or come up with
new problems of
my own to think
about

5.

How confident are you now in your ability to do maths? (Think about the maths you will be
required to do in the future: EDU3TM, the LANTITE, future maths …)
I still have no
I still do not
I am now
I am now quite
I am very
confidence at all have much
somewhat
confident in my
confident in my
in my maths
confidence in
confident in my
maths ability – I
maths ability – I
ability: I am
my maths
maths ability – I
think I should
think I will be
certain I will not ability: I don’t
think I can
have no trouble
able to attain
pass or come
think I can pass
manage a pass – passing and of
high results and
close to meeting or meet the
and meet the
meeting the
easily meet the
the maths
maths
maths
maths
maths
requirements of requirements of requirements of requirements of requirements of
the future
the future
the future
the future
the future

6. Can you describe at least two critical incidents/highlights/memories/’ah-ha’ moments that
you had during the NW classes?
7. Think about the reasons why the NW classes were successful for you. Has there been a
significant improvement in your mathematical content knowledge, in your ability to learn
maths, your ability to work on maths individually and with others, your ability to teach
maths, your attitude, behaviour, beliefs, motivation, and confidence? Was having a peer
mentor in the class a significant aspect in your learning? Was the opportunity to practise
teaching at the board a contributing factor to your confidence? Discuss what you found to
be the most significant aspects of the NW program for you?
8. Can you identify and describe any other ways that the NW classes have changed your
perspective of mathematics?
9. What advice would you give future first years about taking on the NW classes?
10. How would you describe the teaching in these sessions?
11. How would you improve the way in which the NW classes are delivered (in order to
increase participation, or in order to improve on the effectiveness of the classes
themselves)?
12. Overall, how would you rate the NW classes? (Circle the most appropriate)

Not at all
helpful

Somewhat
helpful

Helpful

183

Very helpful

Excellent

13. Think about your beliefs about mathematics and place a tick in the appropriate box
below *

Maths is all about ...

After NW
classes
True
False

Maths is all about learning lots of rules, methods, facts and
procedures
Maths is boring and tedious work
Maths is fun and creative work
You have a certain amount of maths intelligence and you can’t really
do much to change it
Knowing that with effort, everyone can improve their maths
It is confusing to have more than one way to solve a problem
The most important thing in maths is getting the right answer
People who really understand maths will get an answer quickly
When I work hard, it makes me feel as though I’m very smart
I give up easily when the problem seems too hard
I like work that I’ll learn from even if I make a lot of mistakes
Making mistakes shows that I am not good at maths
In maths it’s important to be taught topic by topic
In maths it is really important to understand how maths concept
inter-connect
Working on my own shows that I am good at maths
Learning from each other’s ideas and ways of solving problems
thereby adding to my knowledge
It is more important to understand the process than it is to get the
right answer
Mathematical concepts can’t just be accepted as right, they each
need to be used, tested and reflected on
It is important to learn a number of different ways to solve maths
problems
There are limits to how much people can improve their basic maths
ability
If I work hard at maths, I know I will get better at it
All learners must engage with mathematics
Mathematics plays a very important part in my day to day life
Mathematics knowledge stands alone from other subjects

*The 24 Mindset Beliefs survey questions were based on the work of Jo Boaler
(Boaler, 2014a, 2014b)
Is there anything else you would like to tell us about your journey from learner to maths
teacher? (Use the reverse of this page if needed).
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Appendix G: Phase 2, Part 2 – Disposition of Mentees before and after NWs

Table G.1: Attitude of Mentees Before and After NWs (Full Description)
What is your attitude
to maths? (i.e. how did
you feel about doing
maths in previous
years?)
Before participating in
the numeracy
workshop (NW)
classes:

I hated
doing
maths

I disliked
doing
maths

I neither
liked nor
disliked
doing
maths

I liked
doing
maths

I loved
doing
maths

16.67%

30.56%

19.44%

16.67%

16.67%

What is your attitude
to maths now? (i.e.
how do you feel now
about doing maths?)

I still hate
doing
maths

I still dislike
doing
maths

I neither
like nor
dislike
doing
maths

I now like
doing
maths

I now love
doing
maths

After the numeracy
workshop (NW)
classes:

0%

11.11%

8.33%

55.56%

25%

Table G.2: Behaviour of Mentees Before and After NWs (Full Description)
How did having
to do maths
make you
react/behave in
previous years?
Before
participating in
the NW classes:

I felt very
sick/ anxious/
afraid

I was a little
anxious/afraid
but it didn’t
make me
physically sick

I was neither
happy nor
afraid to work
on maths

I was quite
happy to
work on
maths

I was always
excited to
work on
maths

11.11%

36.11%

16.67%

33.33%

2.78%

How does
having to do
maths now make
you
react/behave?

I still feel very
sick/ anxious/
afraid

I am still a little
anxious/afraid
but it now
doesn’t make
me physically
sick

I am now
neither happy
nor afraid to
work on
maths

I am now
quite happy to
work on
maths

I am now
always
excited to
work on
maths

After
participating in
the NW classes:

0%

8.33%

11.11%

58.33%

22.22%
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Table G.3: Beliefs of Mentees Before and After NWs (Full Description)
What do you
believe about
your maths
ability? (i.e.
how competent
did you think
you were at
maths in
previous
years?)
Before
participating in
the NW classes:
What do you
now believe
about your
maths ability
after attending
the NW
classes? (i.e.
how competent
do you think
you are now at
maths?)
After
participating in
the NW classes:

Non-existent:
I believed my
maths ability
was so low
that I might as
well say I had
no maths
ability

Poor I believed my
maths ability
was quite low
- most of the
time I believed
I would fail
(get below
50%)

Average I believed I
could at least
gain a pass
(50%) in
maths

Quite Good:
I believed I
could do well
in most of the
set maths
work

Very good to
Excellent I believed if I
put in enough
effort, I could
eventually do
any maths

5.56%

22.22%

38.89%

22.22%

11.11%

Non-existent:
I believe
my maths
ability is still
so low that I
might as well
say I have no
maths ability

Poor I believe my
maths ability
is still quite
low - most of
the time I
think I will
fail (get below
50%)

Average I believe I can
now gain at
least a pass
(50%) in
maths

Quite Good:
I believe I can
do well in
most of the set
maths work

Very good to
Excellent I believe if I
put in enough
effort, I can
eventually do
any maths that
is required

0%

5.56%

13.89%

55.56%

25%
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Table G.4: Motivation of Mentees Before and After NWs (Full Description)

I am always
motivated to
work on maths
problems

Strongly
disagree – In
fact, I could
not be
bothered to
even start a
problem (No
motivation)

Disagree – I
might
sometimes try
maths
problems, but
mostly I would
not bother
(Very little
motivation)

Neutral - I
was neither
motivated or
not motivated
to work on
maths

Agree - Most
of the time I
was motivated
to work on
maths tasks
that were set
for me (Good
motivation)

Strongly agree
- I was always
eager to
complete all
the set work
and sometimes
attempt
extension
work or come
up with new
problems of
my own to
think about
(Very good to
Excellent
motivation)

Before
participating in
the NW
classes:

19.44%

19.44%

27.78%

27.78%

5.56%

I am now
motivated to
work on maths
problems

Strongly
disagree – In
fact, I still
cannot be
bothered to
even start a
problem (No
motivation)

Disagree – I
might
sometimes try
maths
problems, but
mostly I still
would not
bother ( Very
little
motivation)

Neutral - I am
still neither
motivated or
not motivated
to work on
maths

Agree - Most
of the time I
am motivated
to work on
maths tasks
that are set for
me (Good
motivation)

Strongly agree
- I am now
always eager
to complete all
the set work
and sometimes
attempt
extension
work or come
up with new
problems of
my own to
think about
(Very good to
Excellent
motivation)

After
participating in
the NW
classes:

0%

5.56%

19.44%

55.56%

19.44%
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Table G.5: Confidence of Mentees Before and After NWs (Full Description)
How confident are
you in your ability
to do maths?
(Think about the
maths you will be
required to do in
the future:
EDU3TM – the 3rd
year maths subject,
the National
Literacy/Numeracy
Test, the maths you
may have to teach
once you graduate)
Before participating
in the NW classes:
How confident are
you now in your
ability to do maths?
(Think about the
maths you will be
required to do in
the future:
EDU3TM – the 3rd
year maths subject,
the National
Literacy/Numeracy
Test, the maths you
may have to teach
once you graduate)
After participating
in the NW classes:

I have no
confidence at
all in my
maths ability:
I am certain I
could not pass
or come close
to meeting the
maths
requirements
of the future

I do not have
much
confidence in
my maths
ability: I
don’t think I
could pass or
meet the
maths
requirements
of the future

I am
somewhat
confident in
my maths
ability– I
think I could
manage a
pass – and
meet the
maths
requirements
of the future

I am quite
confident in
my maths
ability – I
think I should
have no
trouble
passing and
of meeting
the maths
requirements
of the future

I am very
confident in
my maths
ability – I
think I would
be able to
attain high
results and to
easily meet
the maths
requirements
of the future

8.33%

30.56%

44.44%

13.89%

2.78%

I still have no
confidence at
all in my
maths ability:
I am certain I
will not pass
or come close
to meeting the
maths
requirements
of the future

I still do not
have much
confidence in
my maths
ability: I
don’t think I
can pass or
meet the
maths
requirements
of the future

I am now
somewhat
confident in
my maths
ability – I
think I can
manage a
pass – and
meet the
maths
requirements
of the future

I am now
quite
confident in
my maths
ability – I
think I should
have no
trouble
passing and
of meeting
the maths
requirements
of the future

I am very
confident in
my maths
ability – I
think I will be
able to attain
high results
and easily
meet the
maths
requirements
of the future

0%

0%

33.33%

58.33%

8.33%
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Appendix H: Phase 3 – Pre-Mentoring Reflections
Pre-Mentoring Reflections (by Third Year PSTs) in Response to Paul Swan’s ‘I hate Maths!’ (Swan, 2004) reading (Semester 1, 2015)
Negative Experiences
Almost all mentors made
reference to the negative
experiences they had had with
timed ‘tables’ races or rapid fire
drills when they were at primary
or secondary school. One student
called this ‘maths torture games’.
Most mentors felt that not
knowing their ‘tables’ by quick
recall was a serious contributing
factor to their own low selfconfidence
Mentors discussed the stress that
they themselves had undergone
when having to complete a
mathematics tests
Mentors discussed the following
‘bad’ experiences with their own
past teachers and peers:
 My teacher went too fast
 My teacher only focused on
high achievers
 My teacher did not explain
mathematics clearly

Positive Experiences Greatest Influences
Mentors felt that one of the
greatest influences
contributing to their success
(or failure) in mathematics
was ‘the Teacher’.
Great Teacher Qualities:
Mentors commented that
when they did have ‘great’
teachers, then these
teachers had many of the
following qualities. Their
best teachers were:
Dedicated, motivational,
always supportive, knew
their content, patient,
helpful, vibrant,
encouraging, organised,
eager to help, gave their
time outside of class,
enthusiastic – to the point
of contagious, approachable
When mentors did have
positive experiences with
mathematics, this seemed
to be linked with having had

Aspirations for own teaching

Ideas for Learning Tables or testing

Mentors named the following
‘positives’ that have come from these
bad experiences:
 To never allow similar bad
experiences to occur in their own
classrooms
 To learn strategies that deal with
problems of fear, embarrassment
etc.
 To have a tool such as a ‘maths
letterbox’ where students can
post any questions, and so feel
safe to ask anything without
judgement.
 For each mathematics topic, PSTs
said they would like to find a real
life, important situation where it
is used.
 To help children learn their ‘times
tables’, mentors and researcher
came up with strategies that
could help (these are only a
sample of what was discussed,
but it shows the sort of discussion
the mentors were beginning to
have with the researcher, which

Have a new ‘times table of the day’ each day
– prominently displayed
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Children could say the multiplication fact
(any way they like) as many times as they
can during the day. E.g. going out under any
doorway, when putting up their hand to
answer any other question, firstly say the
table, whenever the children come up to ask
some other question.
Only conduct Individual times table drills. In
other words, children only record their own
time to complete a set of tables.
Importantly, each child would still be
allowed to have the 12x12 tables grid, with
answers, in front of them whilst they
complete the problems. The idea is that
children would always get the set of
questions fully correct, but even the tables
they did not know initially, would eventually
be learnt because they would see the correct
answer. Children would see how their
personal best improved over time
Class times tables drills –where half the class
is pitted against the other half and anyone







My teacher belittled me or
showed frustration or other
‘negative’ signals
Being laughed at by other
students when getting
incorrect answers –
sometimes even at university
(as a first year PST, or even in
semester one of this year
(2015) as a third year PST
during the formal
mathematics subjects)
Not asking questions for fear
of seeming ‘dumb’ and
consequently feeling stressed
Not seeing any relevance
between the mathematics
they had to do in class to their
future lives

a great deal of support from
parents or other caregivers
at home

set the scene for how they would
continue for the remainder of the
project) – see next column
Mentors said they would always try
to ensure they fostered a classroom
atmosphere in which all their
students feel ‘safe’ and supported.
That laughing at someone else’s
answers will not be tolerated, that
their students would learn that any
mistakes they make are actually
wonderful opportunities for learning
– in other words, Mentors were
inspired to use Growth Mindset
strategies.
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can answer, no one goes out and it’s the first
team to reach 20 points

Maths Test Idea: They came up with the
following idea: a teacher could consider
making some tests a ‘phone-a -friend’ type
of situation. If children don’t know the
answer to a question, they would be allowed
to get up and ask someone else, but they
then must make sure they really do
understand the answer. To show this,
children would explain that particular
question and answer to their teacher.

Appendix I: Phase 3 – During-Mentoring Data
The following is an excerpt from the analysed during-mentoring data (weekly meeting minutes: group interviews).
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The following is an excerpt from the analysed during-mentoring data (field observations, journal reflections and group interviews)
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Appendix J: Phase 3 – Post-Mentoring Data (Transcripts)

The following is an excerpt from the analysed post-mentoring data.
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Appendix K: Mentor Interview Questions – Post Intervention Program

Preliminary Questions
1. Age
2. Gender
3. What was the last maths class you took before uni?
4. How well did you do in your last maths class before uni? (If you recall your score, include
this).
Failed

Not very well

OK

Quite Well

Extremely Well

History
Can you tell us about your past experiences of mathematics (before you came to uni)?
1. What was your attitude to maths before i.e. how did you feel about doing maths in previous
years?
2. How did having to do maths make you react or behave?
3. What did you believe about your maths ability?
4. If you had to work on a maths problem, what was your motivation like?
5. How confident were you in your ability to ‘do’ maths?
6. Do you have any critical incidents/highlights/memories that have remained with you –
positive or negative?
7. What did you think or feel (or how did you react) when you realised you would have to do
maths in your course?
8. What topics in maths were most problematic/difficult for you when you were at school?
9. Why did you decide to complete the numeracy workshop pathway? How many times did
you do the program?
10. Why did you decide to become a Peer Mentor for the Numeracy workshops?
Present day
After being involved in the Peer Mentor Numeracy Program
1.
2.
3.
4.
5.
6.

What is your attitude to maths now i.e. how do you feel now about doing maths?
How does having to do maths now make you react or behave?
What do you now believe about your maths ability?
If you have to work on a maths problem now, what is your motivation like?
How confident are you now in your ability to learn, ‘do’ and teach maths?
Can you describe at least two critical incidents/highlights/memories/ ‘ah-ha’ moments that
you have had either while you were doing the numeracy program yourself, or while you
were peer mentoring?
7. Can you explain why the NWs were successful for you?
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8. Can you explain why the PM program was successful for you?
9. What do you think or feel now about having to teach maths in your future? Can you identify
and describe any ways that the NW classes/peer mentoring classes have changed your
perspective of mathematics?
10. In what ways have the NWs and/or PM sessions had an impact on your content knowledge
of Mathematics?
11. In what ways have the NWs and/or PM sessions had an impact on your knowledge of how to
teach maths? What aspects about effective teaching did you learn from this experience?
12. What were the most significant aspects of the NWs and/or PM sessions that influenced the
way you now learn and teach maths?
13. What do you think are the most important attributes of being an effective Peer Mentor?
14. Were you involved in the Experience La Trobe sessions? If so, think back to the beginning of
this year, before you started EDU3TM. How do you think you would have responded if you
had been asked to run a mathematics session that involved teaching the public (i.e. Years 10,
11 & 12 students and their parents)?
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Appendix L: Phase 3 - Thematic Analysis of Mentor Data – Codes and Themes

Themes

Adapt

Advice and Reassurance

Collaboration Active Participant

Commitment

Communication and Interaction

Analytical code

Encouragement

During Post Total

Adapt

5

1

6

Flexible

4

3

7

Flexible Grouping

1

0

1

MKT

Individualised Teaching

1

0

1

Advice

Advice

5

1

6

Atmosphere

Reassurance

3

1

4

Cooperative

0

0

0

Cooperative Learning

3

0

3

COP

1

0

1

Participate

1

1

2

Team Teach

0

0

0

Team Teaching

8

1

9

Commitment

Commitment

4

10

14

Atmosphere

Listen

1

1

2

Discuss

0

0

0

Discussion

1

0

1

Watch

1

0

1

Classroom

1

0

1

Classroom atmosphere

0

26

26

Classroom Environment

0

0

0

Empathy

1

1

2

Friendly

2

3

5

Positive Environment

1

0

1

Safe

4

0

4

Safe Classroom

0

0

0

Safe environment

3

0

3

Safety

1

0

1

Encourage

3

1

4

Flexible

Partnership

Discourse
MKT

Creating a safe environment

Reference Codes

Atmosphere

Encouragement
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Feedback

Inclusion Togetherness

Information
Initiative

Encouragement

3

4

7

Encouraging

2

0

2

Feedback

Feedback

3

3

6

Atmosphere

Value Everyone

1

0

1

Colleague

1

0

1

Collegiality

5

1

6

Inclusive

1

3

4

Like Minded COP

0

0

0

Partnership

9

11

20

MKT

Information

0

1

1

Conceptual

Innovative

1

0

1

MKT

Initiative

0

1

1

Conceptual

4

15

19

Different Methods

9

7

16

Higher Order thinking

1

0

1

Discourse

9

5

14

Vocabulary

6

1

7

MCK

6

7

13

Procedural

1

2

3

Reasoning

0

5

5

Repetition

2

8

10

Strategic Competence

0

9

9

Engaging

1

0

1

Mentor

2

2

4

MKT

6

29

35

Plan

7

0

7

Teacher

5

0

5

Teachers

1

0

1

Efficiency

1

0

1

Accountable

1

0

1

Leadership

3

2

5

Responsibility

5

9

14

Enjoyment

4

5

9

Growth Mindset

2

2

4

Partnership

Conceptual

Discourse

Instructors

MCK

MKT

Efficiency
Leadership and Responsibility

Mindset Skills

Responsibility

Atmosphere
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Confidence
Fear

Mindset

Motivation

Risk

Board
Model

Reflect & Documenting Development

MKT

MKT
Atmosphere

Support

MKT

Risk

Trust and Relationship Building

MKT

Partnership
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Left Behind

1

0

1

Mistakes

6

3

9

Positive Attitude

2

0

2

Positive Norms

2

0

2

Confidence

13

25

38

Confidence

0

0

0

Anxiety Reduction

0

6

6

Inspire

0

1

1

Mindset

14

32

46

Mindset growth

0

0

0

Effort

1

0

1

Persistance

1

11

12

Face Fears

0

0

0

Facing Fear

0

0

0

Facing Fears

0

0

0

Fears

0

0

0

Board Practise

0

0

0

Model

5

3

8

Practise

12

14

26

Practise

0

0

0

Reflect

7

1

8

Support

7

8

15

Supportive

1

1

2

Guidance

2

0

2

Scaffold

1

0

1

Challenges

1

1

2

Risk

1

0

1

Risks

4

4

8

Knowing Students

3

0

3

Interacting

1

1

2

Rapport

1

1

2

Relationship

1

2

3

Relationships

3

1

4

Atmosphere
Vision
Vision
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Share

13

4

17

Sharing

5

1

6

Trust

6

2

8

Passionate

1

5

6

Unique Experience

1

0

1

Aspiration

1

0

1

Flow on Effect

1

0

1

Vision

10

8

18

Appendix M: Flow Chart – Entire Project 2013 - 2018
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Appendix N: Mentor Sentiments
The following messages give impetus for future research into the long-term effects of the
peer-mentoring program.

‘The MAV/mentoring experience was extremely rewarding and has helped me
become the teacher I am today. I am sure I would not be in the position I am in
at the moment without the experience; I will forever be in debt to you’. (Ben)

‘I hope you are able to inspire other students like you were able to inspire us.
The mentor program was such a confidence booster for me and helped me so
much with my confidence in maths teaching, particularly in my first year’(Sam)

‘Working with you and being able to develop my skills in numeracy was a
highlight of my time at La Trobe, we were very lucky to have the opportunities
and the passion for teaching mathematics that you extended to us. (Alex)

‘I have been teaching grade 1&2 since graduating and am loving it. All of the
wonderful things that you taught me about maths and growth mindset have
been immensely valuable!’ (Eve)

‘All the work with you has definitely benefited my teaching’. (Kath)
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Appendix O: Acronyms
ACARA – Australian Curriculum, Assessment and Reporting Authority – an
independent statutory authority that develops and refines the Australian Curriculum,
national assessments and reporting on schooling in Australia. ACARA’s work is set
and agreed upon by all Australia’s education ministers in the form of the Council of
Australian Governments (COAG) Education Council (Australian Curriculum
Assessment and Reporting Authority (ACARA), 2016).
ACER – Australian Council for Educational Research – Australia’s leading educational
research and development organisation. It is an independent body working with
Australian schools and teachers since its founding in 1930 to improve schooling
(Australian Council for Educational Research (ACER), n.d.-a).
AITSL – Australian Institute for Teaching and School Leadership – established in 2010
to support the teaching profession. Key initiatives have been the APST and APSP (see
below), reforms in Initial Teacher Education (e.g. strengthening course accreditation,
improving candidate selection, enhancing professional experience, improving
assessment of graduates and to provide better research and evaluation about course
effectiveness and higher-quality workforce data (Australian Institute for Teaching
and School Leardership (AITSL), n.d.).
APST – Australia Professional Standards for Teachers (Australian Institute for
Teaching and School Leadership (AITSL), 2017)
OECD – The Organisation for Economic Co-operation and Development – promotes
policies that will improve the economic and social well-being of people around the
world. The minimum level of mathematical literacy is defined as the level of
performance at which ‘students begin to demonstrate the mathematical literacy
competencies that will enable them to actively participate in the 21 st century
workforce and contribute as productive citizens’ (Organisation for Economic
Cooperation and Development (OECD), 2019)
PISA – Programme for International Student Assessment (an OECD program) –
surveys a random sample of 15 year old students from a random sample of schools
every 3 years. The domains assessed are reading, mathematics and science. PISA
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focuses primarily on the extent to which students can use their reading, mathematics
and science knowledge to resolve challenges that might be encountered at school,
home, in the workplace or elsewhere in society (Turner & Tout, 2016).
PIAAC – Programme for the International Assessment of Adult Competencies (an
OECD program) – is an international survey of adult skills that aims to cover literacy,
numeracy and problem-solving in technology-rich environments. The Australian
Bureau of Statistics conducted this as a household survey in Australia in 2012 (the
previous administration occurred in 2006). PIAAC survey instruments are
administered to a random sample of 15 to 74 year olds (Turner & Tout, 2016).
SiAS Survey– Staff in Australia’s Schools Survey – an Australia-wide survey to collect
information from primary and secondary teachers and school leaders, about their
background and qualifications, their work, their career intentions, and school staffing
issues (McKenzie et al., 2014). (DEEWR – Department of Education, Employment and
Workplace Relations – This Australian Government department commissioned the
SiAS (2013) survey.)
TIMSS – Trends in International Mathematics and Science Study – ‘is a large-scale
assessment designed to inform educational policy and practice by providing an
international perspective on teaching and learning in mathematics and science’
(Australian Council for Educational Research (ACER), n.d.-b).
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Appendix P: Instructional Video Links - 2016

Addition
https://youtu.be/-gygOvrj2CI

Subtraction
https://youtu.be/xfDiw9-mjRk

Multiplication
Video 1 (Introduction) https://youtu.be/pIHeYHWb1LY
Video 2 https://youtu.be/yEFNG5G7yP0
Video 3 https://youtu.be/WFb2ex4xcr0
Video 4 (Conclusion) https://youtu.be/6aZ35HjXY18

Division
https://youtu.be/Wu4iKqLWDzE
https://youtu.be/_z1z8QO1uaE
https://youtu.be/LnMu--MGh_4
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Appendix Q: Risk Minimisation Information

Phase 1: The researcher was involved as a tutor to some of the third-year PSTs
(2013) in the subject Teaching Mathematics. The researcher was involved with all
the PSTs that participated in the intervention program as their NW tutor. A
dependent relationship existed for any participant for which the researcher was a
tutor for both their formal subject as well as their NW class. This dependent
relationship between tutor and student may have been seen by the students as an
obligation to participate in this pilot study. In order to minimise this risk, all PSTs
were assured that their participation was voluntary and that there would be no
disadvantage to any PST who did not wish to participate. The PSTs who chose to
participate in the intervention were advised that this program would form part of a
larger study.
Phase 2: The researcher was not involved in teaching the first-year PSTs’ formal
subject, Working Mathematically and hence not involved in any form of
assessment. The researcher was only involved with these first-year PST mentees as
their tutor for the voluntary NWs, and therefore there was no dependence in the
relationship between the mentee PSTs and researcher in terms of their assessable
formal mathematics subject.
Phase 3: In 2015, the researcher had been the third-year PSTs’ lecturer and tutor in
their formal subject, Teaching Mathematics, in the first semester. This phase of the
study took place in semester two, after these PSTs had completely finished with
any form of dependent relationship between themselves and the researcher. All
third-year PSTs were offered the opportunity to become volunteer mentors to the
first-year PSTs during their NWs, and those that chose to participate were fully
aware that their involvement was voluntary, and had no attributable grade for any
formal subject they were undertaking.
In order to gain an in-depth understandings for this study, all participants were
informed clearly from the beginning the purpose of this study. Since one of the
main goals of this study was to ‘heal’ negative attitudes, the researcher and PMs
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were constantly aware of the need to protect all involved in the study. All practices
were transparent and all information gathered was shared with participants,
including the role of the researcher and the role of the mentors (participant
observers). Confidentially and anonymity of data collected was maintained
throughout the project.
Particular care was taken to explain the aims of this study to all participants.
Furthermore, the exact nature of their involvement was discussed, as well as the
way their responses would be handled. All PSTs (mentor and mentee) were assured
that their participation was voluntary and that they could discontinue their
involvement at any time. The researcher was attentive to any signs of fear,
embarrassment, anxiety or other negative feelings, and ensured that the mentors
were also attentive to these signs in the mentee participants.
The intervention program was designed with two main goals. Firstly, to assist PSTs
improve their understanding of mathematics, both content and pedagogy. A
further goal was to assist PSTs overcome their anxiety towards mathematics, and
ultimately improve their mindset towards it. It was anticipated that the potential
benefits would outweigh any of the risks associated with this study. These benefits
were confirmed by the data collected during the pilot intervention in Phase 1
(2013).
The action research elements of this study were chosen specifically with the
intention that all participants would benefit by what was learned weekly. PSTs
would work collaboratively on tasks designed to improve their MCK and MKT. This
outcome would allow them to construct or reconstruct knowledge of concepts,
experience common difficulties, share and learn new strategies, participate in
mathematical discourse and experience the joy that learning and teaching
mathematics well can bring. The expectation is that all participants would benefit
and draw on these experiences as future teachers.
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